Dr. Bob Davidov

Co3aaHue MHTEPaKTMBHbIX 00LEKTOB U cped Ha 0a3e nnat¢opMbl
Arduino

Llenv pabomel: paccMOTpeHHE BapHAHTOB CONPSDKEHUs cpel mnpoektupoBanus MatJIAD,
Simulink, LabVIEW c¢ Buemneii cpemoir depe3 3IeKTpOHHYIO 1arGopMmy (KOHTpoJLIEp)
Arduino.

3aoaua padomer: OIKITIOUSHNE aNIIApaTHOTO HHTEpdeiica Kk cpene nmpoekrupoBanus MatLAB.

Ipuobopwvr u npunaoneymcnocmu: IlepcoHanbHblii KommbloTep, KoHTposLiep Arduino UNO wiu
DFRduino UNO R3, USBkaGenp, marumk temmeparypsl LM35, MuterpupoBanHas cpena
paspabotku Arduino -1.0.4., COM Port Toolkit, MATLAB R2008anu nosee, Simulink -
MATLAB R2010aunu Hosee, LabView.

OBLIUE CBEJAEHUA

Arduino — anmapatHas BblUMchHTeNbHas IwarGopma (YHHUBEPCATIbHBIH  KOHTPOJLIEP),
OCHOBHBIMH KOMIIOHEHTaM KOTOPOM SIBJISIOTCS IUIaTa BBOJAA/BBIBOJA M cpela pa3pabOTKU Ha
s3pike Processing/WiringHepes nocnenoBatenbHbiid mopt ArduinOo MOKHO MOJKIIOYUATH U K
JAPYTUM TPOrpaMMHBIM cpeiaM, Hanpumep, Matlab, Simulink, LabVIEW: onu, Takum o6pazom,
MOJYYar0T WHCTPYMEHT JUIsi B3aUMOJICHCTBHUSI C PEajbHBIMH OOBEKTAMHU CHUCTEM YIIPaBIICHHS,
MOJIYJISIMH BU3YaIU3AIMU I POOOTOTEXHUKH.

MATLAB m- daitner wmn  Simulink moiepkuBaroT COBMECTHYIO PabOTy € KOHTPOJLICPOM
Arduino Mega 256Qumu Arduino Unomo USB kanany B pexume RS-232nocnenoBaTenbHOro
COCJIMHEHUsS. DTO B3aMMOJICHCTBHE OCHOBAHO Ha BBINOJIHEHUH CEPBEPHOM IMPOTPAMMBbI
KOHTpPOJUIEPa, KOTOPBI MPUHUMACT KOMAH/IbI Yepe3 MOCIIEI0BATEIbHBIN MOPT, BHIIOIHSCT UX H,
npu HE0OXOJMMOCTH, BO3BpAIACT Pe3ylbTaT. TaKoi MOX0 1 TOMOTaeT
* 3alycKaTh OPOTpaMMbl  Cpa3y TMpH IOMOINM 3arpy3dyMka KOHTposuiepa, 0e3
JIOTIOJTHUTENBHBIX CPENCTB (IPOrpaMMaTopoB),
* pabotath B cpee MATLAB wmu Simulink aist nHTepakTUBHO# pa3pabOTKU U OTIIA/KH,
*  pa3pabaThIBaTh MIPOrPAaMMbI BBOJIA aHAJIOTOBBIX U IIU(PPOBBIX JaHHBIX,
* VYOpaBIATh JBHUTATENSIMH TIOCTOSHHOTO TOK4, CEpPBOJBUrATENIsIMH, M I[IArOBBIMH
JIBUTATEIISIMH,
*  BBINOJHATH KOHTYPHOE yIpaBiieHHe ¢ yacToToi 10 2511 (He B peallbHOM BPEMEHH).
*  CO3[aBaTh pealbHbIC YJIEKTPOHHO-MEXaHHUECKUE YCTPOiCTRA.
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Puc. 1. Mepudepus mnardpopmer ARDUINO (DFRduino) UNO R3.L{udpoBbie BBIXOJHI,
noaaepkuBatoie padboty B pexkxume LIMM o603nauens! Ha miaTe BOJHUCTOM JmHue ~. AREF
BbIBOJI onopHoro Hanpspkenue AL (ucnone3yercs ¢ pynkuueii analogReference()).

B aroit pabore ucnoabsyercs axamor Arduino UNO: DFRduino UNO R3Amnasor, kak u
HOPOTOTHII, UMEET CJICAYIOUIYIO CIICHU(PUKALIUIO:
*  MuxkpokonTposuiep ATmega 328uacrota 16 MHz,
* Hanpsokenue nurtanus: 7-12B (6-20B - npenen). Bxox ucnomnb3yercs st moaaqu
MUTaHKs OT BHEIIHEro ucrouHuka (B orcyrctBue 5B ot pazsema USB).
e Brsox nuranus 3.3B/50 mA
*  32KO0 ¢umaur namste (2K6 3aHATO 3arpy34rKoOM),
* 2Ko6 O3V
* 1K6 EEPROM
* 6 ananoroseix (0-58, 106ut, 0.1vc) BBos0B 1 14 1nhpoBsix BBO0B / BEIBOIOB (10 40
MA) ¢ 6 PWM (LINM) Beixomamu (~490Im, O .. 255).
* Bcerpoennsie USB-COM (300, .., 11520601), SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13
(SCK),u 12C: 4 (SDA)u 5 (SCL)anassl cBsi3y;
* 2 BHCIIHUX MPEPHIBAHUS

B MHKpPOKOHTpOJIIEp MPEABAPUTENBHO MPOIIUT 3arpy34MK, MMO3TOMY BHEIIHUNA IPOrpaMMaTop
He HyeH. Ha xaxxo# matdopme mprcyTCTBYeT JIMHEHHBIA CTaOMIN3aTOp HAapsHKeHUs SB.

Ha peiake goctymHbl mwiatsl pacmupenus it Arduino, u3Bectroie kak «Shields».

Puc. 2. [Ipumep mater pacumpenus «Shields» st Arduino: Moynb yrnpaBieHHs IBUTATEIIEM.



MMOATOTOBKA K PABOTE C ARDUINO YEPE3 MHTEI'PUPOBAHHVYIO CPEJTY
PA3PABOTKU (http://robocraft.ru/blog/arduino/98.html)

st Toro, 4ToOBI UMETh BO3MOXHOCTh MUCATh CBOM MPOTPaMMBbI U 3amuchiBaTh Ux Ha Arduino
HEOOXOJMMO TMOJKIIOYUThCS K VHTerpupoBaHHOW cpene paspabotku  Arduino — 3t0
Kpoccuiat(opMeHHOE MPHUIIOKEHHE Ha Java,BKIII0Yarolee B ceOs peakTop Ko/ia, KOMIHIISTOP
U MOAyJdb Tmepedaud npomwmBku B riaty. Cpema pa3paOOTKM OCHOBaHa Ha  SI3bIKE
nporpammupoBanusi Processing.Crporo rosops, 310 C/C++, NONONHEHHBIH HEKOTOPHIMHU
oubnmuorekamu. IlporpamMmbl  00palOaThIBAalOTCS C TOMOIIBIO TpENpoleccopa, a 3areM
kommmpyercs ¢ momomisio AVR-GCC.

st monxomroueHust AAruin0 Kk HHTErPUPOBAHHOW CPEJIe BBIMOJIHHUTE CIICYIOLIHUE IAaTH.

1. Ckauaiite ¢ caiita http://arduino.cc/en/main/softwafeduino IDE @rduino-1.0.3-
windows.zip.

2. Pacnakyiite zip ¢aiin u nomectute aupexroputo arduino-1.0.3 koHeBoii KaTajaor Jucka
C. MoXHO ¥ B pyroe MECTO, HO TJIaBHOE, YTOOBI B IMMYTH HE OBIJIO HA3BAHHN OTIMYHBIX
OT aHTJIMHCKOTO.

3. TMonkmrounTe miary Kk KoMOboTepy, nocpeacrsom USBxabens tuma A-B.

4. Korjaa omepalMoHHasi CUCTeMa OOHAPYXXHUT HOBOE YCTPOMCTBO (KIaTh HAZIO0 ~5 MUH.) U
MIPEMIOKUT YCTAaHOBUTH JApalBep, YKAKUTE IpallBep HaXOIIIMICA B IUPEKTOPHUHU
arduino-1.0.3\drivers\locie ycTaHOBKHM B CHCTEME MOSIBUTCS J0MONMHUTENbHBIH COM-
MOPT:

- Y Ports (COM & LPT)
5 Arduing UNO R3 (COM3)
r;’i Communications Park (COML)
r;’i Communications Park (COME)

3anyctute Arduino IDE —C:\arduino-1.0.3\arduino.exe.
Bei6epure Hobiit COM-nopr (Tools > Serial port)

@
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7. Bwibepute Tun miatel: T00IS > Board > Arduino UNO:
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8. Ha sroMm 3akoHYeHa yCTaHOBKA U MOAKIIOYCHHUE aTGopmbl Arduino, MOKHO HAYHHATH
MpOrpaMMHUPOBaHUE.

MNPOTPAMMMUPOBAHHUE ARDUINO

Arduino/ Freeduinonporpammupyercs Ha sizbike WIring Kojbl KOTOPOro MpeoOpasyroTcst ¢
MHUHHUMAJIbHBIMH H3MCHEHHSIMH B mporpammy Ha sizbike C/C++, M 3aTeM KOMIMIHPYHOTCS
kommuisiTopom AVR-GCC. Tak 4T0, (haKTHUECKH, HCIOIB3YeTCs CIEeUUAIN3UPOBAHHBIN IS
MukpokoHTposuiepoB AVR Bapuant C/C++.

Cpena paspabotku, u Ha0Op 0a30BBIX OMOIMOTEK, YIPOMIAIOT IOCTYN K Hepudepun
MUKpPOKOHTpOJUIEpA.

Hampumep, Ha s3sike Wiring ycraHoBka ckopocTd mnocnemoBarenbHoro mopra 9600 6ur B
CEeKYH Ly, 33J1aeTCsl Bcero oHO# ctpoukoit: Serial.begin(9600);

Tornma xak npu HCoyB30BaHUH «ojoro» C/C++npumutock 06 pa3duparhes ¢ JOKYMEHTalUeH
Ha MUKPOKOHTPOJUIED, U BBI3BIBATH HEUTO MOAO0OHOE!

UBRROH = ((F_CPU /16 + 9600/ 2) / 9600 - 1) >> 8:
UBRROL = ((F_CPU / 16 + 9600 / 2) / 9600 - 1);
shi(UCSROB, RXENO);

shi(UCSROB, TXENO);

shi(UCSROB, RXCIEO);

daktrueckn, kmacc  HardwareSerial ( \hardware\cores\arduino\Hard@erial.h)
MHKATCYIUpyeT TaHHBIC oTiepanuu B byHKIIH begin
(\hardware\cores\arduino\HardwareSerial.cpp)

Oo6bsBnenne COM-mopra B camom 3arosioBouHoMm daiine .h daitne: extern HardwareSerial
Serial. A

[MoaxmroueHne 3arojoBoYHOTO (haiiaa Kiacca pabOThl C MOCIEAOBATENBbHBIM MOPTOM B
nporpamme Mpoucxout crpoukoid: #include "HardwareSerial.h"

CTpyKTypa nporpaMmMmsl
B 11:060M TECTOBOM CKPHIITE MOKHO YBHJETh JBE HeoOxoaumble (yHkimu: setuff) u loop().

Oynkuus setupf) 3amyckaercs OIMH pas, MOCIE KaXIOro BKIIOYCHHS IUTAHUS WM cOpoca
wiatel Arduino. OHa ucmonp3yercss Ui WHHIUATH3ALMUH MEPEMEHHBIX, YCTAHOBKH PEKHMA
paboThI IU(POBBIX MTOPTOB, U T.1.

®ynkuus 00p() B 0eCKOHEYHOM LIUKIIE UCIOJHSIET KOMaH Ibl, KOTOPBIC OMKMCAHBI B €€ TEIe.
Paccmotpure pocToii mpumep:

void setup() HavanpHble yCTAaHOBKU

{

beginSerial(9600); #cranoBka ckopocTtH paboThl cepuitHoro mopra Ha 96000uT/cex
pinMode(3, INPUT); /fcranoBka 3-ero nopra Ha BBOJ JaHHBIX

}

/l TIporpamma mpoBepsieT 3-Hii MOPT Ha HATMYKE HA HEM CUTHAJIA U MOCHLIAET OTBET B
// Buzie TEKCTOBOTO COOOIICHUSI Ha MOCIIEIOBATENBLHBIH TOPT KOMIIbIOTEPA
void loop() Weno nporpammbl

if (digitalRead(3) == HIGH) /{cnoBue na onpoc 3-ro mopra



serialWrite('H’); MrrpaBka coobuienus B Buje Oyksbl «H» Ha COM-nopr
else

serialWrite('L"); lbrnipaBka cooOuienus B Buae OykBbl «L» Ha COM-miopt
delay(1000); dhnepxka 1 cek.
Koncmanmot

Koncrautel — mpemonpeneneHnbie 3HadueHus. OObsiBICHHE KOHCTAaHT (a Tak ke 0a30BbIX
MakKpocoB U (YHKIIHIA) MOXHO yBHETh B (haiie \hardware\cores\arduino\wiring.h

VYposuu curnanos nmopra HIGH u LOW
#define HIGH 0x1 /I 5V out, >3V in “1”
#define LOW 0x0 /I OV out, <2V in “0"

Takum 06pa3om, 00a CIIETYIOIIIX BRI30Ba OYAyT SKBHBAJICHTHBI:
digitalWrite(13, HIGH); /MoxHo Tak,
digitalWrite(13, 1); /A MoxHO u Tak

Hacmpoiika yughposvix nopmoe 1a 8o (INPUT) u BeiBog (OUTPUT) curnanos

#define INPUT 0x0
#define OUTPUT 0x1

BHUMAHUE:
* TlopThl MOAIEPKUBAIOT TOJOXKUTEILHOE HIIM OTPUIATEILHOE HampaBiieHHe Toka 70 40
MA

* [Tloptel, cKOHGUrypHpPOBaHHBIE KaK BBIBOJABI, MOTYT OBITh TOBPEKICHBI, €CIH HUX
3aMKHYTh HaKOPOTKO Ha «3eMIIt0» (0OIas IIMHA MUTAaHKs), Ha UCTOYHHUK MUTaHus +5 B,
WJIY IOICOEAVHUTH K MOIIHOW Harpy3Ke ¢ MaJIbIM COIIPOTUBIICHUEM.

IIpumep:

pinMode(13, OUTPUT); // 13BbiBoa OyaeT BBHIXOI0M
pinMode(12, INPUT); /4 1241 —BXx0o10M

IIndposoii BBoA/BHIBO

DO yHKIUU Arduino s M(pOBOTO BBOJIa-BHIBOJIA OOBSIBIICHBI B (haiiie
\hardware\cores\arduino\wiring.fnpeanusosanst 8 \hardware\cores\arduino\wiring_digital.c.

void pinModguint8_t, uint8_t);

Bei3oB: pinMode (opt, pexum), rae nopt — 3Hauenue nenoro tuna ot 0 1o 13; pesxum — 1160
INPUT (BBOx) 1160 OUTPUT (@BI1BO ).

[Tpumeyanue: AHAIOTOBBIC BXOIbI MOTYT HCIIOJIb30BAThCS KAK LU(PPOBBIC BXOIbI/BBIXOIbI, TIPH
oOparteHnu K HUM 1o Homepam ¢ 14mo 19 @uanorossrii Bxoq 0 .. 5)
void digitalWritguint8_t, uint8_t);
Bei3og: digitalWrite(mopT, 3Hauenue), rae nopt: HoMep nopra; 3xHadenue: HIGH niu LOW.
IIpumep:
digitalWrite(13, HIGH); //BricTaBisiem 1341 BBIBOI B <BBICOKOE>» COCTOSHUE
int digitalReaduint8_t);



Bezog: value = digitalReadnppr); CunTbiBaeT 3HaueHHE HA YKa3aHHOM IOPTY, BO3BpAIacT
tekyiee 3HaueHue Ha nopty (HIGH wnu LOW) tuna int
IIpumep:

int val;
val = digitalRead(12); MdunpammBaem 124i BBIBOJ

AHAJIOrOBLIil BBOJ/BLIBO/ CHTHAJIA
int analogRea@int8_t);

Bezos: value = analogRead{pt); CuutbiBaeT 3HaYeHHE C YKA3aHHOTO aHAJIOTOBOTO MOPTA.
(Arduino comepxutr 6 kanamo ALl mo 10 6ur kaxasiii. Bxognomy Hanpsbkenuto ot 0 - 5B
cooTBeTcTBYeT Bo3Bpatiaemoe urciao ALl tuna int ot O o 1023).Tpebyercst mprOIN3UTETBHO
0.1Mc, 9TOOBI CUMTATEH 3HAYEHUE aHAJIOTOBOI'O BBOJA.

IIpumep:
int val;
val = analogRead(0); ¢autpiBacMm 3HayeHue Ha OM aHATIOTOBOM BXOJIE

[Tpumeyanue: AHaIOrOBbIC MOPTHI 0 YMOJTYAHUIO ONPEACICHHBI Ha BBOJ CUTHANA U B OTIHYHE
OT HU(POBBIX TOPTOB HX HE TpeOyeTcss KOH(MHUTypHPOBATh C MOMOIIBIO BHI30BA
¢yukuuu pinMode.

void analogWritéuint8_t, int);
Bei3oB: analogWritefiopr, 3nauenrue); BbIBOOUT Ha TOPT aHAIOTOBOE 3HAYCHHE. DTa (PYHKLIUS
paboraer Ha: 3, 5, 6, 9, 10u 11 uudpossix noprax Arduino B pexxume LHIUM ~490 T B
natepBane O .. 255.
IIpumep:

analogWrite(9, 128); #cranaBmuBaem Ha 9 koHTakTe 3HaueHue [IIIM sxBuBaieHTHOE
2,58

[Mpumeuanue: Het HeoOxoauMocTH BbI3BaTh QyHKIMIO PINMOdE,4T00b! yCTaHOBUTH TIOPT Ha
BBIBOJI CHTHAJIOB Iiepesi BbI30BoM (yHkiu analogWrite.

[Tnatdopma Arduino umeer BHYTPEHHUN HCTOYHUK OMOPHOTO HAIPSKCHHS
(MOH) mns ALIII. Yepes pesucrop 5k k mopry AREF moxHO moakmounts u
BHelHui uctoynuk. @ynkuus void analogReferen¢eint8_t mode)pnpenenser
HCTOYHHUK OTNIOpHOro HanpsoxeHus: st ALIT.

I[OHOJIHHTGJILHLIG (l)yHKIIPlPl BBO[[EI/B]:IBO[[EI CHUI'HaJia

void shiftOut(uint8_t dataPin, uint8_t clockPin, uint8_t bitOrdeyte val);Casur Gaiita
JTAHHBIX TI0 OJTHOMY OWTY 3a pas.

unsigned longoulselr(uint8_t pin, uint8_t state, unsigned long timepUiyuTbBacT UMITYIIHC
(BbICOKMI WM HHM3KHI) C U(POBOro MopTa ¥ BO3BpALIACT MPOAODKUTEIBHOCTh UMITYJIbCA B
MHUKPOCEKYHIaX, UMITYJIbC 0KUIACTCS B TEUCHHH TaliMayTa (eciu He ykazaTh — OyJer *xuath 1
CeK.)

PaboTa co BpeMeHeM

unsigned long milligsoid);



Bezog: time = millis(); Bo3Bpaiaer 4ucio MHUIHCEKYHA, ¢ MOMEHTa ucmoiHenus Arduino
TeKymIei mporpaMmbl. CHETYUK TEPETIOTHUTCS U OOHYIUTCS MPHOIM3UTENbHO Yepe3 11934acoB

win xe 50 nueii (49.7).
IIpumep:

unsigned long time; BowsiBieHne nepemenHoi time tuna unsigned long
time = millis(); //mepenaua KonM4ecTBa MULTHCEKYH/T

unsigned long micrdgoid); Bo3Bpammaer 4YMCIIO MHKPOCEKYHJ, C MOMEHTA HUCIOJIHCHHS
Arduino/Freeduino Tekymeit mnporpammel. [lepemennas mnepenonHuTcs — (OOHYJIHTCS),
npuOm3nTensHO yepe3 70 MUHYT.

[Mpumeuanue: Ha 16 M mmare Arduino, nanHas ¢yHKnus padoTaer ¢ paspeuicHueMm B 4
MUKPOCEKYH/IbI.

IIpumep:

time = micros();
Serial.printIn(time); /BpiBoMM YKCIO0 MEKPOCEKYH]T ¢ MOMEHTA 3aIlycKa IPpOTrpaMMbl

void delayunsigned long);
Bei3og: delay@pems_wmc); [IprocTaHaBnuBaeT mporpaMmy Ha 3aJaHHOE YHCIO0 MHJUTHCEKYH/I.
IIpumep:
delay(1000); //may3a 1 cekynna
void delayMicrosecondansigned int us);

Bei3og: delayMicrosecondspemsi_mkc); [IpuocranaBiuBaet mporpaMmy Ha 3aJJaHHOE YHCIIO
MHUKPOCEKYH/I.

MaremaTudeckue (pyHKIIUU

min(x, y) BosBpamiaer MeHbIIee U3 BYX YHCEI

[Ipumep:

sensVal = min(sensVal, 100); // sensMalvensier 3nauenwus, eciau o MeHbine 100
bnyuaercs, uro sensVakhe cmoxer npesbicuts 100.

max(x, y) BosBpamaer 6onpiiee u3 AByX 9ncCel
abs(x) Bo3sspaiaer Moayip (a0COTIOTHYIO BETMYMHY) YUCIIa

constrain(x, a, b)  IIpoBepsier HaxoauTCs K YKCIIO X B Auanasone (a,b)
Bo3sBpariiaemoe 3Ha4eHmne:  X: €CIH X JISKUT MeX Iy au b
a:eciu X MCHBIIIE, YeM a
b: ecnu X 6obiIe, uem b

map(value, fromLow, fromHigh, toLow, toHigh(To6paxaer 4nciio u3 0HOTO AUana3oHa B
npyroi. Onepupyer HenbIMU YACTaMH

IIpumep:

y = map(x, 1, 50, 50, 1);

y = map(x, 1, 50, 50, -100);

[* oToOpaxaer aHanoroBOE 3HaUeHHe K 8 Ouram (auamnaszon ot 0 go 255) */
int val = analogRead(0);
val = map(val, 0, 1023, 0, 255);
analogWrite(9, val);



pow(base, exponentPyHkius mpeaHa3HaYCHa sl BO3BEIACHUS YKCIIa B 3aJaHHYIO CTCIICHb.

sq(x) Brrauncrsier kBaipat 4ncia; 9uciao yMHOKEHHOE Ha ce0s.

sin(rad) Beruncnsier cunyc yria (B paauanax). Pesynabrat Oyaer mexay -1u 1.
cos(rad) Beruncisier kocunyc yria (B paauanax). Pesynbrat Oyner mexay -1u 1.
tan(rad) Beruncisier Tanresc yrina (B paauanax). Pesynprar Oyaer Mexay IUoc 1

MHUHYC OECKOHEYHOCTHIO :)

IIceBnocayuaiinblie yncia

void randomSeddnsigned int seed) MHUIAATH3HPYET TeHEPaTOp TICEBI0CTyIailHBIX
qHCen

IIpumep:
long randNumber;
void setup(){
Serial.begin(9600);
randomSeed(analogRead(0));
}

void loop(){
randNumber = random(300);
Serial.printin(randNumber);
delay(50);

long randonflong howbig)
long randonflong howsmall, long howbig) ['enepupyer niceBroCIydaifHOE YHCIO

IlocaenoBareabHas nepeaava 1aHHbIX

Arduino uMeeT BCTPOCHHBINM KOHTPOJUIEP VISl TOCIEIOBATEIBHOM Mepeiaun JaHHbIX, KOTOPBIH
MOXET HCIOJIb30BAaThCS KaK Uil CBsA3W MexAy Arduin0 ycTpolicTBamu, Tak U JIsl CBSI3U C
KomnbroTepoM. Ha kommbrotepe coorBercTBylomee coenuneHue mpencrasieHo USB COM-
MOPTOM, KOTOPBIii MOSBISETCS B CUCTEME TIOCIIC YCTAHOBKU HEOOX0MMOTO JipaiiBepa.

CBs3b mpoucxoauT 1o nudpossiM nopram 0 u 1, u mosToMy BBl HE CMOKETe HCITOJIb30BaTh MX
1 UGPOBOrO BBOJA/BBIBOJA €CIM HCMOJIb3yeTe (YHKIMH IOCIEIOBATEIBHON Tepenadn
JAHHBIX.

Serial.begiflong);

Bei3og: Serial.begif(ckopocts_nepenaun); YcranapnupaeT ckopocts nepenadyn COM nopra:
300, 1200, 2400, 4800, 9600, 14400, 19200, 384080G rumu 1152000uT B CEKyH/Y.

Serial.availablefoid);

Be3oB: count = Serial.availab(ly ®ynkuus Bo3Bpamaer KOJIMYECTBO HAKOIUICHHBIX B Oydepe
MHUKpPOKOHTpOJUIepa 0alT MPHHUMAEeMBIX IO MocjeoBaTeapbHOMYy mopTy. [locienoBaTenbHbIit
Oydep Moxer XpaHUTh 10 12806aiiT.

IIpumep:

if (Serial.available() > 0) { /Ecnu B 6ydepe ecTh naHHbIC
//3neck noimkeH ObITh pUEeM U 00pabOTKa JaHHBIX



}
Serial.rea@void);

BezoB: char = Serial.regdt CuutbiBaer cienyromuii 6aidT u3 Oydepa MOCIEAOBATEILHOTO
mopTra. BosBpamaemoe 3HaudeHWe. TEpPBBIM MOCTYIMHBIA OaWT BXOMAMIAX JaHHBIX C
MOCIENOBATEIFHOTO TIOPTA, WIIH -1 €CITU HET BXOSAIINX JTaHHBIX.

Serial.writ€uint8_t c)

Bei3os: Serial.writ€val); // val:nepemennas ajis nepeaadu, Kak e JHHCTBEHHBIN OaiT
Serial.writéstr); // stricrpoka s mepenadu -mocaeI0BaTeIbHOCTD OANT
Serial.writ€buf, len); 3anuceiBacT gaHHBIE B TMOCIEAOBATCIbHBIA MOpPT. JlaHHBIE

MOCBUTAIOTCS KaK OalT WM TOCIEA0BAaTENbHOCTh 0ailT; Ayl OTHpaBKU CHUMBOJBHOU

uHpOpMALIUU CIENyeT WCIOJIb30BaTh QyHKuuio Pprint(). buf maccuB ans mepemaym, Kak

[OCJIEN0BATENLHOCTE OalT, len: mimHa Mmaccusa

Serial.flusifvoid)
Bezog: Serial.fluslf); Ounmaer BxoaHoit Oydep mociae0BaTenbHOrO MOPTA.
Serial.prinf) BeiBoa manHbIX Ha mociaeaoBarenbhbiii Hopt B ASCII xomax.

@OyHKIHS MMEET HECKOIBbKO ()OpM BBI30BAa B 3aBHCHMOCTH OT THMA W (opMara BBIBOJAUMBIX
JAHHBIX.

IIpumep:

Serial.print(b, format); b —uucno, format —popmar BeIBoAMMOrO YKCHa:
DEC - necsatuuHoe npeacraBiicHue uncia b.
HEX - miecTHaanarepuyHoe npeacTaBieHue uncia b.
OCT -BocbMepuuHOE MpecTaBicHue yucia b.
BIN - nBonuHOe mpenacrasiacHue ncia b.
BYTE - BeiBoauT mumaamuii 0ait uucia b.

[Ipumep
intb=79;
Serial.print(b, HEX); #pinact B mopt cTpoky «4F»

Serial.print(str) ecau Str —cTpoka WM MacCMB CHMBOJIOB, moOaiTHO nepenaer Str ua COM-
HOPT.

IIpumep

char bytes[3] = {79, 80, 81}; whccus u3 5 6aiit co 3Hauenusmu 79,80,81

Serial.print("Here our bytes:");pffiBoaut ctpoky «Here our bytes:»

Serial.print(bytes); HiBomut 3 cumBona ¢ xogamu 79,80,81 —
offo cumBoEl «OPQ»

Serial.print(b)ecniu b umeer Tun bytewnu char,BeiBoauT B mopt camo ymcio b.

Serial.printin() BeiBomsitcst cumBost Bo3zBpara kaperku (ASCIl 13, umm \r') u cuMBOJI HOBOM
muaun (ASCII 10,umum \n').

IIpumep
intb=79;
Serial.print(b, DEC); #sinact B mopt cTpoKy «79»
Serial.print("\r\n"); /BeiBener cumBobl "\N\N" — epeBoI CTPOKU
Serial.printin(b, DEC); Bbinact B mopt cTpoky «79\r\n»



IIpepbiBanus

[pepwiBanue (aHri. interrupt) —curHai, cooOLIAIIINI MPOLIECCOPY O HACTYIUICHUH KaKOTO-
mibo  coOwitms. [lpm  9TOM  BBINONHEHHE TEKYIIEH TIIOCIEIOBAaTEIFHOCTH  KOMaHI
MPHUOCTAHABIIMBACTCA, W yIpaBleHHe mepenaércs o0pabOTUMKYy TpephIBaHHs, KOTOPBI
BBINIOJIHSIET paboTy 1o 00paboTke cOOBITHA U BO3BPALACT YIIPABJICHUE B IPEPBAHHBIN KOJI.

Gynkuun  Arduino gns paboTel ¢ mpephiBaHUSMH  OOBsiBJICHBI B (paiine
\hardware\cores\arduino\wiring.h " peann30BaHEbl B Gaiine
\hardware\cores\arduino\WInterrupts.c

void attachinterruguint8_t, void (*)(void), int mode); Onpenensier, Kakyw (QYHKIHIO
BBI3bIBAaTh, KOT/Ia IIPOUCXOIUT BHEIIHEE MMPEPhIBAHUE. 3aMeIlaeT MPEabIAYIIYI0 GYHKIHIO, eCITU
TakoBas ObLIa MPHBs3aHA K JaHHOMY MpepbiBaHuio. bompmmHcTBO miuat ArduinO uMeroT jBa
BHEITHKUX npepbiBanus ¢ Homepamu O (Ha digital pin 2)u 1 (wa digital pin 3). Arduino Mega
UMEET JIOMOHUTEBbHO emé yeTsipe: ¢ HoMepamu 2 (pin 21), 3 (pin 20), 4 (pin 19 5 (pin 18).

Bezog: attachinterrug{interrupt, function, mode)rne interrupt: Homep upepsiBanus (int);
function: ¢yskims, KoTopas MOJKHBI BBI3BIBATHCS MPH HpepbiBaHUU. DYHKIMS HE JOJDKHA
NPUHUMATh ApaMETPOB U HE JIOJDKHA HUYEro BO3BpallaTh. MOUE:omnpenenser, Koraa I0HKHO
cpaboTaTh IpephIBaHUE!
LOW — BbI30B npepbIBaHUS BCIKHIA pa3, KOTAa Ha MOPTY HU3KUH YPOBEHb HANPSLKECHUS,
CHANGE —npepriBaHne BBI3BIBACTCS IPU H3MEHEHUN 3HAUYEHUS HA BXOJIC,
RISING —BbI30B mpepbIBaHUs [TPU M3MEHEHUH YPOBHS HampspkeHus ¢ Huzkoro (LOW)
Ha Beicokoe(HIGH)

FALLING — BBI30B mpepblBaHUs NPH W3MEHEHWH YPOBHS HANPSDKEHUS C BBICOKOTO
(HIGH) na nuskoe (LOW)

[Ipumep:
Il cBeToamo, moaxmouéHubii k digital pin 130yaeT u3MeHsaTh CBOE

Il cocrosinue mpu u3MeHeHnH Hanpsbkenus Ha digital pin 2

1l

int pin = 13;

volatile int state = LOW,; /fiepemennast KOTopasi HE ONTUMHU3UPYETCSI KOMITAJIITOPOM

void setup()

pinMode(pin, OUTPUT); HOPT KaK BBIXO]
attachinterrupt(0, blink, CHANGE); Mipuss3siBaem O-¢ npepsiBanue K (GyHKIUH
blink().
}
void loop()
digitalWrite(pin, state); BbiBoMM State
}
void blink()
{
state = Istate; M¢HsIeM 3HaueHHE Ha MPOTHBOTIOIOKHOE
}

void detachinterrugaint8_t); Otkirouaer ykazaHHOe pepbIBaHUE.

Bei3og: detachinterrupt(interruptyse interrupt:nomep npepsiBanus ais otkirodeHus (0 wmu 1).



Oueprone3asucumasi namsitb EEPROM http://robocraft.ru/blog/arduino/82.html

EEPROM — (Electrically Erasable Programmable ReatifOMemory) saextpudecku
crupaemoe nepenporpammupyemoe 113V, DCIII3Y). [TamsaTh TAKOTO THIIA MOKET CTHPATHCS H
3aMONHATHCS JTaHHBIMH HECKOJBKO JIECSATKOB THICSY pa3. Mcmonw3yercs B TBEpIOTEIbHBIX
Hakonutensix. OnHoit u3 pazHosunHocreit EEPROMsBasiercs duem-niamsite (Flash Memory).

byte EEPROM.reg@ddress)CuntsiBaer Oaiit u3 sHepronesasucumoii mamsitu EEPROM.Ecnu
0aiiT 10 ATOro HUKOIJa HE Mepe3anuchiBaiics — BepHET 3HayeHue 255. addresstopsakoBblit
HOMep stueiiku mamsitu aist urerns — ot 0 o 511 (int)

[pumep (File-Examples-EEPROM-eeprom_read):

/*
* Yreune EEPROM

*

* CunThIBACT 3HAUEHUS BCeX OAWTOB YHEPrOHE3aBUCUMOI MTaMsTH
* EEPROMu BeiBouT nx B COM-TiopT
*/

#include <EEPROM.h>

[/ navanpubli aapec namsitu EEPROM
int address = 0O;
byte value;

void setup()

Serial.begin(9600);
}

void loop()

Il canThiBaeM 3Ha4YeHuUe 1o TekymeMy aapecy EEPROM
value = EEPROM.read(address);

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

Il ycTanaBIMBaeM CIEIYIOIIYIO SYCHKY HaMSTH
address = address + 1;

/I EEPROMCcoaepxwur Bcero 5126aiit: ot 0 o 511, mostomy
Il eciu agpec noctur 512,10 cHoBa nepexoaum Ha O
if (address == 512)

address = 0;

delay(500);

void EEPROM.writéaddress, valu€jamuceiBaet 6aiiT B sHeprone3aBucumyro namsitb. address:
HOPSIIKOBBINA HOMeEp stueiiku mamsti uist 3anucu — ot 0 no 511 (int); valuebaiit st 3anucu —
ot 0 10 255 (byte)



[Mpumeuanue: doxymentauus (datasheetha mukpoxontposnepst Atmega8/168rosopur, uTo
BO3MOXKHOE KOJIMYECTBO LHUKIOB MEPE3aNUCH JAHHBIX B MAMSITH OTPAHUYCHO
100000 pa3 (Write/Erase Cycles)Bpewmsi, TpeOyeMoe il 3aBepIICHHUS IUKIIA
3anucu cocraBisier 3.3 MS./[aHHas 3a7epiKKa yKe YUUThIBACTCS OMOIMOTEKOM
EEPROM,nostomy B nomnosiHuTeNEHOM Bbi3oBe delay()Her HeoOxoaumocTH.

Ounrcrka naMsaTy IPOU3BOANTCS 3aAMUCHIO HYJEH.

Co3nanme cBoeit oudauorexku. http://robocraft.ru/blog/arduino/102.html

HOAKJIIOUYEHHUE ARDUINO K MATLAB http://robocraft.ru/blog/741.html

[Moaxmouenne Arduino k. MATLAB (R2008awunu Gonee mo3aHell BEpcHHU) BBIMOJHANTE B
CIeAyIOMIEH MOCIEI0BATEIbHOCTH!

1. Ckauaiire maker ArduinolO ¢ opunmansraoro caiita MathWorks:
http://www.mathworks.com/matlabcentral/fileexchal3g374

e ¥ | [none_ ] 93.154

Name E xt
T
I [examples]

[Jlpde]

[ [simulink]

[Z] license txt
[ contents m

[Z] readme txt
[ arduino m

2. Pacmakyiite naker, Hanpumep, B C:\arduinolQ; Llinstall_arduino - m
3. 3arpysute MarJIAb
4. BbIIIOJHUTE KOMAaHIbI
>>cd c:\arduinolO %iepexo1 B TUPEKTOPHIO
>>install_arduino %cranoska
Arduino folders added to the path
Saved updated MATLAB path
>>savepath

5. Bamummte B mardopmy Arduino mpoiuBKy-perpancistop. Ee 3amaua mpuHUMATh U
BBITIOJTHATh KOMaH/IBI U3 mopra. OAWH BapuaHT NPOUTUBKH ITOICPKUBACT TOJIBKO (DyHKINU
paboTHI ¢ aHAJIOTOBBIMH M I (PPOBBIMU TTIOPTAaMH, IPYroi - elie U ImaroBbie ABurarend. s
mociegHero Tpedyerca  crneuudanbHas ~—OMONMMOTEKa, KOTOPYHO  MOKHO  B3SITh B
https://github.com/adafruit/Adafruit-Motor-Shieldbiary/zipball/master Ee  tpebyetcs
PACIIAKOBATh B ManKy Arduino-XXX/libraries/ OTkpbIBacM daiin

B3 adiosrv | Arduino 1.0.3
ST JEdit Sketch Tools Help

Chrl+m
Chrl+O

c:\arduinolO\pde\adiosratl iosrﬁde 01051
c:\arduinolO\pde\sreyv.pdeus cpenst Arduino u mpoiruBaeMm *l



6.
7.

B xoncone MATLAB co3naiite o0bexr: >>a=arduino('COM3’)

[IpoBephTe MPaBUILHOCTH TOAKIIIOUEHHS CISAYIOMMUME KoMaHaamu oOpamenus MatJIAb
Arduino

>>a.pinMode(13,'OUTPUT")

>> a.digitalWrite(13,1) Y%sanuce B mopT “1”, Ha ruaTe AOJKEH 3aropeThCsi CBETO MO

>> a.digitalWrite(13,0) Y%sanuce B mopt “0”, auox Ha IJIaTe A0JKSH IOracHYTh
>>foo=a.analogRead(1) YheHne ¢ aHAIIOTOBOTO BXO/1a, ITPU OTKPHITOM BXoJe foo > 0

MNOAKJIIOYEHUE ARDUINO K SIMULINK (http://robocraft.ru/blog/741.htmnl

Jnst moakmrouenust Arduino x Simulink (+SimulinkCoder + EmbeddedCoder) MATLAB
(R20109 wnu Gosiee mO3qHEH BEPCUU BBITMIOIHHUTE CIICAYIONIHE MIATH:

1.

Cxauaiite nmaker SimulinkSupportPackageforArduino
http://www.mathworks.com/matlabcentral/fileexchal3§277

2. Pacnakyiite naker, Hanpumep B C:\arduino_simulink
3. 3arpysute MatLAB

4. BrITIOJHATE CAEAYIONNE KOMAH/BI s JOOaBICHUS ITyTEH:

>>cd c:\arduino_simulink
>> addpath(fullfile(pwd,'arduino’),fullfile(pwd,'dbtks"),fullfile(pwd,'demos’))
>>savepath

OOHOBUTE KACTOMU3ALIUIO:

>>g| refresh_customizations

6. Toxxmounre miarpopmy Arduinok USB mopTy kommbroTepa .

7. Yxaxute nyTh K cpene arduino

>>arduino.Prefs.setArduinoPath(‘c:\ArduinoTarget’)

BriBemTe CITUCOK BCEX TOCTYMHBIX MIATHOPM
>> arduino.Prefs.setBoard

Specify one of the following board labels:
‘'uno’ (Arduino Uno)
'mega2560' (Arduino Mega 2560)
'mega’ (Arduino Mega (ATmegal280))

3amaiiTe Tekymyro miardgopmMy 'UNO'KoOMaHI0U

>>arduino.Prefs.setBoard('uno’)

10.IIpoBepbTe AOCTYIHBIE TOPTHI:

>>comPorts=arduino.Prefs.searchForComPort

B pesynbraTe nonyuure, Hampumep, comPorts €OM3

11.IMoaxmounte Arduino k COM nopry:

>>arduino.Prefs.setComPort('COM3')



12.TIposeppre moaxmouenue Simulink k Arduino, mo pa®ote JEeMOHCTpPAIMOHHBIX MPHUMEPOB

 c:\arduino_simulink\demos\™. ™

+MName E xt
&1

D demo_arduino_blink mdl
D demo_arduino_blink_challenge mdl
[} demo_arduino_blink_chall : fl mdl
D demo_arduino_pil mdl
D demo_arduino_pil_ref mdl
Ddemu_ duino_serial_ icati mdl

.

mamnkKu Ddemu_ _sernial_ ication_host mdl IS 3TOrO:

12.10tkpoiite nepBbiii npumep Simulink moaenu xomanmoit >>demo_arduino_blinka
YCTAaHOBHUTE MTAPaMeTPbl MOJICIIH:

& demo_arduino_hlink

File Edit Wiew Simulation Format Tools Help

O =EH&S ~ 2 10.0 Marr

@Lp P13 [

Fepeating —
Sequence Digital Output
Stair
Copyright 2009-2010 The MathWarks, Inc.
Ready 123% FixedStepDiscrete
L= Source Block Parameters: Re peating Sequence Stair E| rﬁ nk Block Parameters: Digital Outp

Arduino Digital Output {mask) (link)
Repeating Sequence Stair {mask) {link)

Sends the digital value to the specified pin on the Arduino board.
Discrete time sequence is output, then repeated.

Arinput of 1 gets the pin high and 0 sets the pin low,
Mair | Signal Atributes

FParameters
Wector of output values:

Pin Mumber {1~13):
o101l | |12 |
Sample time: Sample time (-1 for inherited:
1 ITRE |

[ ok J[ cancel [ Heb | epply o J[cancel J[ e ]| sopl

12.2KomoOunarmeir  Ctrl+B  umm  komammoit  Tools>>CodegenerationBrildModel
3aMyCTUTE KPOCC-KOMITHIISITOP.

12.3Haxwmure xHomky “Start simulation” i KOJ TUIaTOpMBI TPOIIMBACTCA U
BeinosHsiercst B Arduino. Kontposnbhsiii ceeroauoa Arduino (pin 13)HaunHaeT MuUrath.

12.41nst pyanoro ympasieHusi ceeroauogom Arduino uepes Simulink u nabnronenuem 3a
BXOJIOM Pin 2 AL Arduino OTKpoO#iTe Apyryo MO/JIeNb
demo_arduino_serial_communication_host.mdl:



1~) demo_arduino_serial_communication_host *

Migws  Simulation  Formak  Tools  Help

Fil=  Edit

DS HE| BRI 4[] r o

|l &

INu:urmaI

off IM_’Data camsz
1 Serial Send
o 1

Crisplay

]

Scope

COmz  Data

¥

Serial Receive

COhz
S600
2.none,1

Searial Configuration

Launch
target side

Copyright 2009-2040 The hathWWods, Ine.

B 6moke “Lunch target sideasroii mogenu Simulink conepsxutcs ko Arduino koTopbiit

3arpy>Kacrtcsa B HETO IEpEa 3alryCKOM MO ACIH.

Mogens Simulink umeer cnenyromue napaMmerpsl.

#y Configuration Parameters: demo_arduino_serial_communication_host/Configuration (Active)

Select:

Simulation time

- Solver

- Data Import/Expart
H-Optimization
H-Diaghostics

Start time: |0.0

Solver options

[

| Stop time: |imc |

~Hardware Implementat... | Type: iFixed—step

- Model Referencing

=-Sirmulation Target
#-Code Generation
#-HOL Code Generation

<l I

V| Salver: |Dd93 {Bogacki-Shampine) V|
Fixed-step size (fundamental sample time): |aub3 |
Tasking and sample time options
Periodic sarmple time constraint: EUnconstrained V|
Tasking mode for periodic sample times: iAub: V|
[ automatically handle rate transition for data transfer
[[1 Higher priarity value indicates higher task priarity

| o
[ Ok ] [ Cancel J [ Help ] Apply

Select;

Salver
-Data Irmport/Export
H-Optimization

Device vendor: |

Humber of bits

#-Diagnostics E—
char: -“ shart: 15 int: 32
- Hardware Implermentation —— |— I
- Model Referencing long: 2 | float: 22 | double: I 64

#-Simulation Target
+-Code Gereration

rative: ponter: 32|

Largest atomic size

integer: iChar v|

floating-point: !None ¥

-HDL Code Generation

T

Byte ordering: !Unspecwﬁed

| Signed integer division rounds to: [Undefined ~

Shiift right on a signed Integer as arithrmetic shift

Ernulation hardware {code generation only)

Mone

OK ][ Cancel H Help Apply

| £




onfiguration Parameters: demo_arduino_serial communication_host{Configuration (Active)

Select: Target selection ~

-~ Solver System target file: | gritlc | [ Browse. .
Data Irmport/Expart : X
#-Optimization Language: }C vi

Diagnostics
Hardware Implementation | Build process
-Mode| Referencing
Simulation Target

Cornpiler optimization level: |Opt\mizati0ns off (faster builds) V|

TLC options; | |

Makefile configuration

Generate makefile

Make command; | rmake_rr

Interface Template makefile: |grt_default_tmf
#-HDL Code Generation F

"). [ OK ” Cancel H Help ] Epply

12.5Hacrpoiite Homepa COM nopra mozenu va Homep COM nopra mrardopmser Arduino.

12.6 /1715t u3y4eHusi, peAaKTHPOBAHUS WIIM KOMITWJISLIUK KOJia rpoiuBaeMoro B Arduino
HEOOXO0AMMO ABAXIbI LISIKHYTH 10 070Ky “Lunch target side

=== » |1U.D |N0rmal j O [ & REE®

Use CTRL+B to build an executable from this scheme and download it to the arduino board.

The executable will read data sentvia serial port from the model "demo_arduino_serial_communication_host", running on the host computer,
and pass non-negative values to the digital output #13, lighting up a LED connected between pin #1323 and ground.

The executable will also read the analog input #2, add a header and a terminator, and send itwvia serial port to the Simulink model running on the host computer.
The model on the host computer reads the value and displays it.

This subsystem shone one way to handle
Launch the input stream from the Serial Read block,
host side In this case we simply hold the last

walue until we get a new value then

e passthat on.

Serial Config

If you hawve a multi-byte message, you will
need to dewelop logicto parse the individual
Serial Read Fin 12 J_l_ bytes and then reconstruct the data from the

bytes. Stateflow can be a useful tool for
dewveloping this twpe of logic.

P asz Nonnegative Values Digital Output

Serial Read

These blodks show how you can send multiple bytes
by combining different signals into a wector uzing the
Serial Write Mux blodk. In thiz caze we are adding a Header and
Terminator character to our meszage.

/'\_/ Fin 2

Analog Input

Serial Wirite We are also using the Convert block to take the intiG
walue we get from the Analog Input and convert it to
a Z-element uint® wectar.

Convert int1G to uintd Aray

Terminater Copyright 2009-2010 The MathWeoks, Inc.

Ready 100% FixedStepDiscrete

OOparubiii epexoa B Mozeab Simulink MoskHO BBITIOJHHUTE Yepe3 aKTUBAILUIO OJIOKa
“Lunch host sideokna kona npomuaemoro B Arduino.

s yeremrHoW KOMMUISIIUAK  Kojga Arduin0 HeoOXOAWMO HACTPOWUTH  CIEAYIOIIHE
napameTphl.



Configuration Parameters: demo_arduino_serial_communication/Configuration {Active)

Select: Embedded hardware (simulation and code generation)
~Salver Device vendar: |Atme| v| Device type: AR hd
-Data Import/Export
-Optimization Murnber of bits Largest atomic size
[#-Diagnostics :
char: shart: 16 int: 16 ;
-Hardware Implementat... | | | integer: |Char v| =
- Model Referencing lang: float: |32 | double: |64
#-Sirnulation Target floating-point: |N0ne V|

=-Code Generation
5""Rep0rt
Comments
Symbols
Custom Code

SIL and FIL verifica...

nfiguration Parameters: demo_arduino_serial_communica

Select:

- Salver

- Diata Import/Export
-Optimization
[#-Diagnostics

-Hardware Implementat...
-Mode| Referencing
-Simulation Target
=-Code Generation

Memary Sections
#-HOL Code Generation

native: pointer:

Byte ordering: |Litt|e Endian

| Signed integer division rounds to:

Shift right on a signed integer as arithmetic shift

Ermulation hardware {code generation only’

More

Target selection

tion/Configuration (Active),

x|

System target file: iarduino.tlc

| [ Browse.., J

Language: I

Description: Arduino Target

Build process

TLC options:

Prioritized ohijectives: Unspecified

- Report Makefile configuration
g)of::gn;: - [¥] Generate makefile
- Custom Code Make command: |make_rtw |
""Debug -
T Termplate makefile: |ardum0.tmf |
~SIL and PIL Verifica...
- Code Style Data specification override b |
----gz;nglPaIt:cSement [ 1gnare custam storage classes [[] Ignare test point signals
-Diata Type Replace... }
Code Generation Advisor

Set objectives ..,

Check model before generating code: |Off

V|[ Check model ... ]

[ Generate code anly

< Ny
0' oK | [ Cancel ] [ Help J Apply
12.7KomoOunarmeir  Ctrl+B  umm  komammoit  Tools>>CodegenerationBrildModel

3aIMyCTUTE KPOCC-KOMITUIIATOP.

VcenemHas KOMITHIISIUS COITPOBOXKIACTCA BBIBOAOM CICOAYIOLICTO COO6H.ICHI/I$[ B
KOMaHIHOM OKHCE.

### Successful completion of build procedure fodelodemo_arduino_blink

12.8Haxaruem KIaBHIIN MEHIO ﬂ 3arpysute koi B Arduino u 3amycrute Simulink
MO/JIeJTb Ha BBITMOJIHCHHUE.



E demo_arduino_serial_communication_host *

DEeEd& 4B

15

J Scope

a8 |Qlsn B -

off o

e
=S

ata COmMZ

on

Sarial Send

220

¥

Comz  [ata

Crizplay

]

Serial Receive

[

Soope

inf Marmal i
- 1B)X]

Copyright 2009-2010 The M athWiWodes, Inc.

12.911oBepbTe BO3MOXKHOCTH HepekioueHus cBeronuona Pin 13 arduinou otoOpaskenue
koaa AL Pin 2npu momomu demo_arduino_serial_communication_host.mefteru

13.TIpoBeprTe Hamuuwe paszgenoB Arduino (Arduino 10 Library u Arduino Targe) B

oubnnorexke Simulink:

B Simulink Library Browser

- Adational Math & Discrete
1§ 8 Aerospace Biocksat

¥ Arcuino 10 Lirary

W Arcuino Taroet
- ¥ Communications System..
1§ 38 Computer vision System
88 Control System Tooloox
- T 0P System Toulbux
W Data Acquisiton Toolbox
14 38 DA Sulstor Lnk
i Embedded Coder
[5-IH Fuzzy Logic Toolbox
1 W Gouges Blockset

- 1 mage Acauistion Tooax

Insirument Control Toalbox ™

(- B Aerospace Blockset

W Arduno 0 Library

8 Ao Targat

B Communications System

- Bl Computer Vision System.

i Control System Touox

- B8 DSP System Toolbox

88 Data Acquisition Toolbox

4+ B £0A Smulstor Link

- Embeddes Coder

2~ Fuzzy Logic Toolbex

W Gauges Diockset

84 image Acqusiion Tookox
lnstrumest Cantrol Taalh

8 Simulink Library Browser =88] %
f i 0 & » Ectersearchterm
S » Entersearchterm - 8
0@ " Libraries
|Lraries ibrary | Search Resulis: (none) | Most Frequently Used Blocks [ - B Simuink
B Simuink - c Used Blocks
-~ Commonly Used Blocks. e oy Continuous
Continuous Discontinuties
Discontinuties Arding 10 Discrete
5C Motor
Discrete Setp Logic and Bt Operations
Logic and Bit Operations Lookup Tables
Lookup Tables — pRE— B Math Operations.
iath Operations oot Hode! Verification
-~ Ii0gel Verification Hodel-Wide Utities =
odebWide Utlies | = Seno R Save Wite Siepperiotor P
-~ Ports & Subsystems Signal Atributes.
SignalAtirbules Signal Routing
SignalRoutng Sinks
Sinks Sources
DOUIECE, User-Defined Functions.
UserDismned Fincibos [i4-Addtional Math & Discrate

Library: Arduino Target | Search Resubs: (none) | Most Frequently Used Blocks |
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DT 0JO0KH MOTYT OBITh MCIIOJB30BAHBI [T HAMMCAHMS KOJIa mporuBaemMoro B Arduino.

NOAKJIOYEHHUE ARDUINO K LabVIEW

I pabotsr ¢ miardopmoii Arduino 8 LabView ycranosute NI LabVIEW Interface for Arduino
Toolkit http://sine.ni.com/nips/cds/view/p/lang/ru/nid/23%8

DTOT maKeT UMEeT CIEAYIOINE OCOOCHHOCTH:

ObecnieunBaet H0CTyN K TH(POBBIM U aHAOroBBIM moptam, LLINUM, untepdeiicam 12C u
SPI

ObecrieunBaer paboOTy C OBUTATENSMU TIOJ YIpPaBICHHEM MPOTPaMM 3arpyKeHHBIX Ha
Arduino



* lmeer mpuMepsl I peLICHUS] Pa3HOOOPa3HBIX 33/1a4 U BBOJA JAHHBIX C JaTYUKOB
* Tlomnepxuaet padoty ¢ Arduinodepes USB, serial, Bluetoothin XBee
*  Yacrora USBmnermu - 200 Hz,6ecripoBo ol - 25 Hz

HNPUMEPBI HOJYYEHUSA TPOBEPEHHBIX PE3YJIbTATOB U BAPUAHTBI J1JIA
CAMOKOHTPOJIA

3ananue 1. [IporpammupoBanue ArduinO B HHTETPUPOBAHHOMW CpeIe.
1. 3anycrute Arduino IDE —C:\arduino-1.0.8kduino.exe

2. Hacrpoiitre nomep COM-nopra cpenst (Tools > Serial portla padory ¢ COM noptom
Adruino u3 crnmcka ycTpoicTB KOMIIBIOTEpa

3. BsibepuTte Tun miatel Tools > Board Arduino UNO

4. Ortkpoiite OpUMep TMPOTPaMMbl  TIOBTOPSIOIIETOCS BKIFOUYCHUS [  BBIKIIOYCHHS
ceeroaurona File > Open > c:\arduino-1.0.3\examples\O1.BaBiusk\Blink.ino u 3anycrure

B
5. Tlo muranmto cBeroarona yoeaurech, 4ro miathopma Arduino paboraer.
6. PaccMoTpuTe KO IPOTPaMMBI.

BOIIPOCBI:

» KakoB pa3mep MpoIIUTO# MpOrpamMmmbl?
» KakoB pasmep namsitu nporpamm Arduino?

e KakoBa gacrora MAraHus CBETOOHOAA?

7. Orkpoiite u 3amyctute npumep File > Open > c:\arduino-1.0.3\examples\01.Basics\
AnalogReadSerial\nalogReadSerial.indIpumep unrtaer ananorossiii Bxoa NO 1 BEIBOAUT
pe3ynbTaT B KaHaJ MMOCIeI0BaTeIbHO M nepenayn, cBsazanubii ¢ COM moprom kommbroTepa.

8. Bamycrure nporpammy COM Port Toolkit O6paTure BHUMaHHEe HA MOTOK MPUHUMACMBIX

JAHHBIX.

9. CpaBuute ¢opmarel crieayromux komang Arduino, nepepatomue nanaeie B kanan COM
nopTta KomrmberooTepa: printin; print, write

10.0cTOpoKHO TIOICOCTUHUTE aHATIOTOBBIN BXOJI K 3eMJIC.
11 .3ammmmure 3HaueHus cunteiBaeMbie 13 COM nopra.
12.He Brikmouass COM Port ToolkitmonpoOyiite cHOBa BBITIOJIHUTE TporpamMmy Blink.ino

13.3akpoiite COM Port Toolkitu mompo0OyiiTe cHOBa BBINOJHUTH porpammy Blink.ino

3ananue 2. Ces3b mwatdopmer Arduino ¢ MatJIAb

1. Paspaboraiite mnporpammy (m-konm MatLAB) mnpuema u 0TOOpaXkeHHs [aHHBIX,
npuHrMaembix oT Arduino yepes COM nopr.



2. Pazpaboraiite nmporpammy (m-koq MatLAB) nepektouenus ceeroaroaa Arduino (pin 13).

3ananue 3. Yrpasnenue noprom Arduinous Simulink

1. PaspaGoraiite Simulink mMonmens mpuemMa W OTOOpPaKCHUSI JAaHHBIX, NPUHHUMACMBIX OT
Arduino yepe3 COM nopr.

2. Paspa6otaiite Simulink moaens nepexmtoduenus ceeroanoaa Arduino (pin 13).

3ananue 4. Beon u oroopakenne B MatJIAB ananorosoro curtnana miardpopmsr Arduino

1. Tloaxmouute Arduino k MatLAB (R2008awumu Gosiee mo3aHEH BEpCHH) KakK MOKA3aHO
BBIIIE B pazzene “O0mme CBeACHUS .

2. B cpene MatLAB moctpoiite ocmmutorpad anamoroBoro curHama ALl 1 mmatdopmsr
Adruino. [list pereHus 3aa4d MOTYT IPUTOUTHCS clieayromue koManasl MatJIAB: for,
plot, pausea.analogRead(1)Ipumep MatLAB koza u rpaduk pe3yabTaTa moka3aH HUXKE.

figure

for i=1:100
plot(i,a.analogRead(1), xb' );
hold on;

end

grid

xlabel ( 'Time, sample’ );

ylabel ( 'ADC 1, output code' );

title ( '‘Arduino ADC against time' )

Arduino ADC against time
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3ananue 5. Co3nanue nnTepaktuBHO# cpeabl MatJIAB — Simulinkua 6a3e matdopmsl
Arduino

1. Tloaxmounte Arduino k Simulink MatLAB (R2010awunmu Gosee mo3aHell Bepcuu) Kak
MOKa3aHo BhIIIE B pasjeie “Oomrue cBeneHus” .

2. Tlpomeiire B8 Arduino moaens Simulinkdemo_arduino_serial_communication.mdl

3. MUcnonb3ys 0I0KH OouoOIHMoTEKN Simulink 5 MOIEIN
demo_arduino_serial_communication_host.mdl co6epuTte MOJCIIb yIIpaBJICHUS
CBETOJMOIOM C OOpaTHOH CBS3BIO, MOKA3aHHYIO HUXKE.

i) ADC_read_my ™

File Edit Wiew Simulation Format Tools Help

O =zE&S & B = 4 inf |Normal || B [ g
COmM3
o500
2.none,1
—- int16 Serial Configuration
D Data Type Conversion  Seope ) Launch
target side
g ——
220 + - ==0 e Cata  COMS
—o
Target ] -
: Switch Serial Send
Ot
Data COMzZ

Serial Receive

4. HacrpoiliTe KOH(UTypalMOHHBIEC MTapaMeTPhI Balllei MOICIH:

Select: Target selecktn
- Solver .

Systemearget file: |arduino.tic Browse. ..
-Data Impart/Expart b : | -~ —"'_#{_ )
[+-Optimization Lariguage: |C ® _//]

[+-Diagnostics
- Hardware Implementat.
- Model Referencing

H-Simulation Target”
i Code Generation

Description: Arduino Target

Build proce

arduino.tle

TLC options:

Configuration Parameters: ADC_read my/Configuration (Active)

Select: ETrulation time

Salver J=="" Start time: |0.0 | Stop time: | 10.0

- Data Impoart/Expart
[H-Optimization
+-Diagnostics
~Hardware Implementat... | Type: {Fixed-step | v | Solver: (discrete (no continuous states) |
-Model Referencing —
#-Sirmulation Target Fixed-step size (fundamental sample time): |]]

Solkver options




10.
11.

3amyckasi MOJIENb 4 ¥ HaOMrofas 3a COCTOSHUEM OOpaTHOU CBSI3HM, HACTPOUTE 3HAUYCHUE
Oioka TargetTak, 9To0bl CBeTOMMOMA BKIFOUasics korga ypoBeHb ALIIl Hinke 3amanHOTO
BO3JICHCTBUS W BBIKIIOYAICS B NPOTHBHOM Clydyae, HampuMmep, Kak II0Ka3aHO HWXKeE.
3HaveHHe CUTHAJIA OOPATHOW CBS3M MOYKHO U3MEHSTH MPUOIIKEHHEM / yIaJeHUEeM Mabia
pyku ko Bxoxy ALII mirardopmer Arduino.

2B Qi (R EER

Orcoemuaute USBka6ens ot Arduino.

Bmecte ¢ mpenogaBateneM mnoakimrouute Aatduuk Temmneparypsl LM35 (5V — kpacHsbrit
npoBo, Beixon 10MB/C - 3enensiii mpoBoI, 3eMiisi — CHHHIA TpoBo 1) K miardopm Arduino.

TO-92
Plastic Package

+¥5 Your GND

LM35: BOTIOM VIEW

JlopaboTaiiTe MOCIEAHIO0 MOIEIb:
[Moaxmounte Arduino USBkabeneM K KOMIIbIOTEDY.
3amycTuTe MOACTb.

W3Mensisi Temmepatypy Ha Jarduke yoeaurech B paboTocmocoOHOCTH cpeasl Simulink —
wiatpopma Arduino.



3ananmue 6. [TocTpoeHue cuctemsl peaabHoro Bpemenn Simulink — Arduinona 6ase taiiMepa
Arduino

1. HWcnonp3ys cieaywoliue HOpUMEpbl MOCTPOUTE CUCTEMY, KOTOpas paboTaeT B peXHUME
peanbHoro BpemeHu ¢ TakToM 0.1 @k. CucTeMa pydYHBIM MEPEKIIOYATENIEM MOICTH
Simulink ympasnsier coctosiHmem cBetoauona miaardopmel (Pin 13), npuHuMaer koj
nepekimodaress ot Arduino B Simulinku oto6paskaer ero.

On
s COn2
—p_q\"‘\o—pData comaz 9600
. _I_H S.nane, 1
Manual Suwitch Serial Send Serial Configuration
off

Crisplay1

[Lata  COMZ

F Y

Serial Receive

[Z)Block Parameters: Serial Gonfiguration 5]

. . Gari [E)Source Block Parameters: Serial Receive (3]
LZ] Sink Block Parameters: Serial Send 7| 29 | serial configuration
Serial Receive
Serial Send Rl sy o v el Configure the pararetars for the serial port.
Send binary data over serial port, Parameters Parameters
Parameters 3 2
Header Baud rate: [sem0 ]
SN pert remes
ferminater: none Data bits 5 3
Header: [ | Data size
Parity: Inone v
Data type:
Terminator: ‘ <nones V‘ Stop bits:! 1 v|
Enable blacking made
[ Enable blocking mode Action when data fs unavallable: [Output st receved valie (Y] Byt order: [Littlegndian v]
omomabe B ] || rewaw [one .
[ ox [ cancel J[ Hep | appls P—— Tireouts 1 \

Puc. 3. Mogens Simulink u mapameTrpbl 6;I0KOB MOICTIH.

4 Configuration Parameters: tmp_3/Configuration (Active)

Select; Simulation tirne ~
i Start time: |D.D Stop time: |\nf
Data Impart/Export
: Opt\mlzaFIDﬂ Solver options
+Diagnostics
~Hardware Implementation | Type: |Variable-step | Salver: |oded5 {Dormand-Prince) |
~Model Referencing : T )
- Simulation Target Max step size)  |auto ‘ Relative tolerance: | le-3 |
Min step size:  |auto | Absolute tolerance: | auto |
Initial step size: !auh:l ‘ Shape preservation: ‘D\sable all Vi
Murber of consecutive min steps: il |
Tasking and sample time options
Tasking mode for periodic sample times: EAutD
[ automatically handle rate transition for data transfer
["] Higher priarity value indicates higher task priority
Zero-crossing options
Zera-crossing control; (Use local settings | algaritir ‘Nonadaptwe V‘
Time tolerance: ‘ID*IES*E‘FIS | Signal threshold: ‘SLItEI ‘
Murnber of consecutive zero crossings: ‘ 1000 |




% Configuration Parameters: tmp_3/Configuration (Active)

Selact: Embedded hardware (simulation and code generation)y

.Hf‘_

Solver

Device vendor: |Generic

V| Device type: |Un9peciﬂed (assume 32-bit Generic) V|

~Data Import/Export
Optirmization
Diagrostics

Nurnber of bits

T E T char: short: irt: e
Model Referencing long: float: double:

Sirnulation Target
Code Generation
HDL Code Generation

hative: poirter :

Byte ordering: |Unspec\ﬁed

‘ Signed integer

Shift right on a signed integer as arithmetic shift

Ernulation hardwsare (code generation anly)

MNone

: tmp_3/Configuration [Active)

B Configuration Parameters:

Largest atornic size

|Char

floating-point: |N0ne

division rounds to: |Undefined v

Select: Target selection
Solver f

System target file: |gritc Brovise. .
--Diata Irnpart/Export y & 2 ‘ [ I
#-Optimization Language: Ic v

#-Diagnostics
-~Hardware Implementation
--Model Referencing

#-Simulation Target

Build process

Cormpiler optimization level: |Optimizations off (faster builds) Vi

Generation

TLC options: \

"Repart
Comments
+-Symbals

Makefile configuration

Generate makefile

-Custom Code

Make command: ‘ make_rtw

-Debug

= Interface Template makefile: ‘grt_default_tmf

#-HOL Code Generation

Code Generation advisor

Select objective: ‘Unspeciﬂed

¥

Check model before generating code: ‘Off

| [ Check model .. ]

[[] Generate code anly

Puc. 4. [Tapamerpsl koudurypauuun Monemu Simulink.

Kox RT mporpammsi Arduino.

/*
Communication with Simulink model in RT mode

created 20 April 2013
modified
by Bob Davidov

This example code is in the public domain.
*/

int led = 13;

unsigned long set_time = 0;

int thisChar = 14;

void setup() {

// Open serial communications and wait for porvopen:

Serial.begin(9600);
Serial.flush(); // clear input buffer
pinMode(led, OUTPUT),

}
void loop() {




// get any incoming bytes:
if (Serial.available() > 0) {
thisChar = Serial.read();
if (thisChar) digitalWrite(led, HIGH);
else digitalWrite(led, LOW);
}
unsigned long time = millis();
if (time > set_time) {
set_time = set_time + 100;
Serial.print("A"); // DEC, HEX, OCT, BIN, BYTH8.599E+8
Serial.write(thisChar);
/I Serial.write(12); // LOWBYTE
/I Serial.write(34); // HIGH BYTE

}
}

KOHTPOJIBHBIE BOITPOCHI

Kak obecnieunTh CBSI3b Cpe/bl MPOSKTHPOBaHUs cucteM ympasienuss MatLAB u Smulink ¢
BHEIIIHEe# cpenoit uepe3 miarpopmy Ardulino ?

Kak noctpouts peanbHyr0 CCTEMY TEpMOCTAaTUPOBAHUS pesieiiHoro Tuma Ha 6aze MatLAB,
MatLAB-Smulink u mnardopmsr Ardulino ?

Kaxkosa cxopoctb cuutsiBanusi ALIIT miaardopmer Arduino?

4. KakoBa MakcMMallbHasl 4aCTOTa KOHTYPHOTO ympaBieHus Ha 6a3e miatdopmbl Arduino?

[Touemy mpu  pabortaromieii  mporpamme COM  Port  Toolkit HeBo3MOXxHO
nepenporpaMMmupoBath Arduino?

BUBJINOTPAOUYECKHNI CIUCOK

1.

o A~ DN

MathWorks. Arduino Support from MATLAB.
http://www.mathworks.com/academia/arduino-softwam@iino-matlab.html

Arduino, site:http://www.arduino.cc/

Site RoboCrafthttp://robocratft.ru/blog/projects/318.html

Site DFRobothttp://www.dfrobot.com/index.php

Dr. Bob Davidov. KoMmboTepHbie TEXHOJIOTWU YIPABICHUS B TEXHHUYCCKUX CHCTEMAax
http://portalnp.ru/author/bobdavidov




