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Kbplo Z0yypoppua Mabnrpuatoc (EYAO=02

OPTANQZH ka1 IXEATAYH YTMOAOMIZTON I E
To BiBAic QuTd YPAPTIKE Y1 VO KaADWE TIC avayKES TwY TPOYPOPPATEY oTIOUBUY -g 5.
Tww EMAMVIKGY I'Iuw.rrmnulwv pe éva auwpduuu Trou Ba EldyE TOV POITATH OV h=c]
Boun kan M EVOg Y v ‘%‘ %
Tivera pia npuu'rrueau VO TIAPoUCIGOTOUY EVWOIEG OTTWG IKPOETTEEERYQTTTIC, VNN, Aﬂl-"'ITP ne I'onuplﬁ ne

amokwdikoTrainon pvipng, uédobor Sievbuvoodomang, povabeg agobou-eEobou, Sia-
KOTTEG, k.01, 01 oTToieg GTav KaTavanBodv ki yiveuw KTipa Tou avayvioTn Ba propéoouy
va Tov Burﬂ'puu\r Ve KaTavoRoE T SOpR Kai TNV ACYIKT) £V GUCTIHATOS UTTOADYICTY.

Tiveran avagopd oTov pIkpoeTreEEpyacT MCE8000 Tng MOTOROLA, wg khaokol
EKTTPOCUITIOU Tr) TEXvohoyiag CISC, atov ulxpo:MvnlﬁAVRATnﬁgaBSlS g ATMEL,
wg Khaokod exTpocwIToy g TEXvohoyiag RISC wa oo olomnua avammutng epop-
poyiv Arduino, Tmou amoTehe oV TrAEOV Euxpr.mn ﬂumr||.|u HIKPOEREYKTH avoIxTOl
ukirol kel i oe

TMa v Tapousiaon oty aiSouca, 1o olyypaupa ouvoBelera omd exaTovTaBeg Gi-
apdveieg Power Point.

To uTroaTNPIKTIKG UAKG Tou BIBAIOU pE TIC BIVTEOOKOTINUEVES ﬁlquLag u'rmpf.rrt van;
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AOYLOULKO - AvarttuéLlako

e A’ uepoc paBnuatoc (CISC):
* Assembly yla tov Motorola68000
* NAOYLOLLKO easyb8k http://www.easy68k.com/

e B’ pepoc padnuatoc (RISC):
* YAomoinon oxedlaoewyv o€ avamtuélako Arduino (mpoatlpeTLkr) ayopd Tou cUUdwva UE TIC odnyLecg)
e NAoyLouLko Arduino IDE: https://www.arduino.cc/en/Main/Software

* HyAwooa mpoypappatiopou (C++) Ko oL eVToAeC Ttou urtootnpilel elval dlaBeotuec oto:
https://www.arduino.cc/reference/en/
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http://www.easy68k.com/
https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/reference/en/

H ANAMTY=IAKH NAATOOPMA ARDUINO %

ARDUINO

H dltadopd autnc tnC mAatPopuac oe
OXE0N UE TOUC LLLKPOEAEYKTEC TTOU E€XETE

, , , : A
EAETNOEL HEXPL TWPA EYKELTAL OTO {
HEACTNOEL HEXPL TWPA eV  Eninedo 3 Wiring C AveCapnoia
eninedo adaipeonc oto omolo UmopeEl ot TO LAIKO
Va YIVEL O TPOYPOUUATIONOG. 00 s====ssssccce e — e e s s s s s ce e
Eninedo 2 Assembly Assembly Eiaarnfsn OO0
Me aMa Aoy, O TIPOYPOUUATIONOC TO LAIKO
TOU HLKPOEAEYKT otV mAatdopua , ]
: , , . , I'hoooo IN'l\wooca
Arduino yivetal pe tn yA\wooa Wiring C Eninedo 1 , ,
, , Mnyovng Mmnyovig
MOoU amoteAel pla  mapaidayn 1ng
yvwotng C++. : :
Erineso 0 Mleo&:?Ls"meg Mucpos?»symng
(Y ko) (Y ko)
'ETOL, O MPOYPAUUATIONOC ULAC TETOLOC
matdoppac  elval  dkOTEPOC KAl KAaoucog [poypappotiopnog

ETUTPETEL TN yPNyopoTeEPNn avarmtuén
epapuUoywV XwpIlc va TpoUToBETEL TN
AETITOUEPT) YVWON TNC OPXLTEKTOVLKNC
TOU [LKPOEAEYKTN.

TPOYPOUUATICUOC UIKPOEAEYKTN LLE TO

LUIKPOEAEYKTY
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H NMPOXZEITI2H ARDUINO

O TIPOYPOLULLATLOOC omoloudnToTE ARDUINO
LLLKPOEAEYKTH) TMPpoUTOBETEL TNV LTIAPEN elTE
OTOLXELWO WV KUKAWUATWY, elte ARDUING
OUVKEKPLUEVWY  OLOUVOECEWY  (LEOW Power Supply Crystal
KOTGAANAWYV ~ OVTLOTAOEWV)  HE  €va Il 10
UTIOAOYLOTIKO  ouotnua (Y.  Héow ATmega328p  Micro Controller
OEPLOKAC N TapdMnAne 0Bupacg), elte ph:oéw R
eL6LKOU TIPOYPALLUOTLOTH. Input F:ORTUC i F:gj:ﬁf

— v e,
>tnv mAaTtdopua Arduino n OUYKEKPLUEVN v AR merobrocessor oL || [
texvoloyla amaAAdooeL TO oxeSLaoTH A ToV g 11: = Output
TIPOYPOUUATLIOT) QO  OAEC  QUTEC TG I —— \N\?Z
AETITOUEPELEC KAL TOL KUKAWUATAL. A A v
Otdnnote elval  amapaitnto  yw  tov /A < Use @
TPOYPALLUATIONO TOU LLLKPOEAEYKTN),
BplokeTal mavw oTnVv KApTA OTnV ormnola
elval tomoBeTnuevoc.
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H NMPOXZEITI2H ARDUINO

To Tmpoypopua  avOMTUCOETOL  OTOV
UTIOAOYLOTH), &VW N HETAPOPTWONn TOU
EKTEAEOLUOU  KWOLKA YIlvVETOL HEOW TNC
BUpac USB.

ErutAeoy, oL LLLKDOEAEYKTEC TIoU
TormoBetovvtalt  ota  Arduino elval
epodlaopevol Ue eva EOLKO AOYLOULKO TtOU
ovopdaletal bootloader «kat &lvel 1N
SuVATOTNTA TOU EMAVATIPOYPOUUATIOMOU.

OL Tlo TPOYWPENUEVOL E€XOUV TAVTIA TN
duvatotnTa  vo  TPOoypapuaTioouv  Tov
LLKpoeAeykTr) Tou Arduino, omwc kol KaBe
QA0  HIKPOEAEYKTH, adalpwvtac Tov
bootloader 1 kat xpnoluomowwvtag AAAEC
SLaoUVOEDELC KAl KUKAWUOTAL.

Kvkhopota

VO TPIENG,
Board &

Ymoloyrotéc

Ynoloyroti|g

MkpogheyKTNG

MukpogreykTi|g

YUVIGTOOES
OPYLTEKTOVIKIG

Y VVIOTMGES
OPYLTEKTOVIKNG

KAlaoukog
UUKPOEAEYKTNG
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bootloader

MukpogieykTig
TNV TAATPOPNA
Arduino

ARDUINO




ARDUINO UNO (ATmega328P)

o ARDUINO

(o) Compirpqmed) (W)




To ARDUINO UNO

Ynoewkég AvVaroYIKEG
AREF gicoool/£Eoo01 £ic0o01

Vce (DC IN)

ATmega328P

USB

Reset 5V 3.3V

To Arduino UNO mou ypnotuomnolel tov pikpoeAeyktry ATmega328P, elval n mo dnuodAnc exdoon
Arduino. 2xedov OAec oL umnoloutec ekdooelc Paocilovrtar otnv WO dhocodila. To oxfua
napouotalel o€ Swaypaupa Pabuidboac Ta PACIKA  XOPAKTNELOTIKA Kol OuVOTOTNTEC TIOU
MPOodEPOVTAL LECW TNC KAPTAC.
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To ARDUINO UNO

‘O\ec oL akidec a&lomolovvtal LEow TNC KAPTAC ou dlhotevel Tov pkpoeAeyKTH. O ULKPOEAEYKTAC HETA
TOV TIPOYPOUUOTIONO TOU MMOopPEel akopa kal va adalpebel amo tnv kapta Kal va tormobetnBel yla
auTovoun Asttoupyla adou mMAalolwBel amo ta KataAAnAa KUKAwpATA.

H kapta &nAadry pmopel va xpnoLUOTOLETaL HOVO yla TOV TPoypaupatiopo. Quaolka umapxeL Kol n
duvatotnta tornobetnong oAokAnpou Ttou Arduino oto onuelo evoladePOVTOC yLa TNV OAOKANPWON TNG

ePapUOYNG.

2UUTEPACUOTIKAL:

v' To Arduino givat éva «TakETo» ou IPoodEPEL AUEDT afLlomoinon Kot TPOYPOLLUOTLOMO EVOC
LLLKPOEAEYKTN.

v' OLBUpec emikowvwviag Kot oL ak{OEC TOU UIKPOEAEYKTH TIPOOHEPOVTAL LECW TNC KAPTOC VL0 EUKOAEC
OUVOEOELC.

v' O mpoypappatiopoc yivetal péow tne Oupac USB.

v' H avamtuén tou kwdka yivetot og yAwooao tumou C/C++.
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Arduino IDE — sketch — tabs

9 sketch_PU_4 | Arduino 1.8.11 — m} *
File Edit Sketch Tools Help

Mew Tab Ctrl+5Shift+M
sketch_PU_4 Rename
int pinButton = 2; ~
int ledPin = 137 Delete
ffint stateButton = 0
‘{md s=tup() Previous Tah Ctrl+Alt+Left
pinMode (pinButton, INPUT); 1
pinMode (1edPin, COUTEUI): Nﬂt Tab Ctrl"‘.lﬁllt"' nght
Serial.begin{9600);
) gketch_PLU_4
void loop()
{
int stateButton = digitalRead(pinButton);
Serial.println{stateButton);
if (stateButton == LOW) =g sketch_PU_4 - tast.h | Arduine 1.8.11

{

File Edit Sketch Togls Help

Arduino Uno on COM4
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H Baowkn doun evog sketch

‘Eva sketch amoteAe(tal ano tpla (3) pépn:

1. Ovopatodoaoia MetaBAnTwv (LN UTIOXPEWTLKO)

2TO TIPWTO AUTO MEPOC UMOPOUE va SNAWOCOUE ETABANTEC.

2. setup() (YrmoxpewTtiko)
To setup Ba tpetet povo uia dopa. ESw dnAwvoue, yla
napadelyua, mota Pin otnv kapta eival elcodot kat €€odot.

3. loop() (YrmoxpewTtiko)
AUTO TO LEPOC TOU MPOYPALLATOC ETavalapaveTal
ouvexetla!!!

SSIES Lab

S/ digital pin 2 has a pushbutton attached to it. Give it a name:
int pushButton = 2;

S/ the setup routine runs once when you press reset:
wvold setup() |
S/ inmitialize serial communication at 9600 bits per second:
Serial.begin(9600);
S/ make the pushbutton's pin an input:
pinModes (pushButton, INFUT):
1

J/ the loop routine runs over and over again forever:
volid loop() {
S/ read the input pin:
int buttonState = digitalBRead {pushButton):
S/ print out the state of the button:
Serial.println{buttonState);
delav(l): S/ delay in between reads for stability




H Baowkn doun evog sketch

Kabe mpoypappoa mou avantvooetal o Wiring C €xel oplopEVA POOLIKA CUOTATIKA TIPOKELMEVOU va lval
AELTOUpYLKO. 'ETOL, KABE mpoypappua anoteAeitol amno U0 CUVAPTNOELC:
(a) tn ouvaptnon setup() mou ekteAeital pla popd Kal mavia PETA TNV dpappoyn TS tpododoaoiac N

gvepyoroinoncg tou Reset.
(B) tTn ouvaptnon loop() mou ekteAeital 6co 1o Arduino Bploketal oe katdotaon Aeltoupylag (mapoxn

Tpododooiag).
Evepyomoinon ‘Oco vrapyer
) Reset TPOPOOOGiQ
Evepyomoinon OloxkMpwon
(rapoyn TpoPodociag) Extéleon ektéheong Setup() Extéleon Amevepyomoinon
'

VITOPOVTIVOG A
loop()

VITOPOVTIVOG
setup()

Evepyomoinon Rese

Aq@aipeon Tpo@odociag
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H Baowkn doun evog sketch

‘Otav evepyornolnBel n tpododooia Eekva n ekteAeon tnC ocuvaptnong setup() n omola mpayuatonoLeital
ua opa. Emavadopd otnv apxn exktEAeonc tnc setup() pmopel va yivel povo av adolpebel ko
epappootel Eava n tpodpodoaoia f evepyornolnBel to Reset.

MOALC oAoKANPpwOEeL N ekTtEAEON TOU KWOLKA TTOU TtepAapBaveL n setup(), Eekva n eKTEAECN TOU KWOLKOL TNG
ouvaptnonc loop().

‘OTav eKTEAEOCTOUV OL EVIOAEC TNC loop(), N ekTEAEDH TOUC EeKlva TTAAL ATTO TNV OPXN KOL Yl 000 UTIAPXEL
Tpododooia oto cvoTNUA.

Av evepyornolnBel to Reset, yivetal emotpodr mAAL oTNV EKTEAEON TOU KWK TNC setup().

‘Ooo vapyer
TPOPOOOGiQ

Evepyomoinon
Reset

Evepyomoinon OloxkApoon
(mapoyn TPoPodocing) Extéleon ektéheong Setup() Extéleon Amevepyomoinon
VITOPOVTIVOG VITOPOVTIVUG A

setup() loop( )

Evepyomoinon Reset

AQaipecn TPoPoooGiag
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H Baowkn doun evog sketch

O kwbLKaC TTou aKOAOUBEL elval 0 EAAXLOTOC ATALTOULEVOC VLA OTtoLadNTIOTE Epapuoyn.

//Bacikn Aopn sketch
void setup()
{
//kwbKac apxkomoinong
}
void loop()
{
//x0pLoc KwdLKaC
}

SSIES Lab




[Mivakag B'.4: Epyadeio vio popen) kovpmidv oto Arduino IDE

Arduino IDE

Verify EXéyyer ylo cuvTokTiKG
AaBn otov kwdika.

Upload Metayhottilel TOV K®O-
dlka kol Tov QopTOVEL
oto Arduino.

New Anpovpyei  évar  véo
sketch.

// the setup function runs conce when you press reset or power the board
void setup() {

// initialize digital pin LED BUILTIN as an cutput.

pinMode (LED BUILTIN, OUTFUT);:
}

Open [Mopobéter  éva  pe-
vou pe Oha ta sketch
Yyt QVOlyHot O©f VEO

S/ the loop function runs over and over again forever
void loop({) {

digitalWrite (LED BUILTIN, HIGH); // turn the LED on (HIGH is the voltage level) napéﬂeupﬂ.
delay(1000); /f walt for a second
digitalWrite (LED BUILTIN, LOW): ff turn the LED off by making the woltage LOW
delay(1000); /f wait for a second San: AT[OBT]KEIEEL évD'. SketCh
Serial Monitor Avoiyer v oeplokm
oBovn.
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Arduino IDE — Errors

// the setup function runs once when you press reset or power the board

void setup{) {
f// initialize digital pin LED BUILTIN as an cutput.
pinMode (LED BUILTIN, CUTFEUT):

f/ the loop functicon runs over and cover again forever

vold loop() {
digitalWrite (LED_BUILTIN, HIGH): f/ turn the LED on (HIGH is the wvoltage lewvel)
delay {1000} ; // wait for a second
digitalWrite (LED BUILTIN, LOW); /S turn the LED off by making the voltage LOW
delay (1000} ; /f wait for a second

An errar urred while uploading the I
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Arduino IDE — Lab Setup

& Blink | Arduino 18: ESSEERE)

File Edit Sketch |Tools| Help

Auto Format Ctrl+T
Archive Sketch

Fix Encoding & Reload

Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

WiFil01 Firmware Updater

Board: "Arduine/Genuine Uno”

Part: "COMG (Arduine/Genuino Unao)" Serial ports
// the setup Get Board Info COM3
wold setup()

v COMS (Arduine/Genuino U
{f initial Programmer: "Arduino as I5P" —_

pinMode {(LED
Burn Bootloader

// the loop function runs over and over again forewver

wvold loop{) {
digitalWrite (LED BUILTIN, HIGH): ff turn the LED on (HIGH is the wvoltage lewvel)
delay (1000} ; ff wait for a second
digitalWrite (LED BUILTIN, LOW): ff turn the LED off by making the woltage LOW
delay (1000} f/ wait for a second

SSIES Lab




Hello Arduino! —Pin 13 (LED_BUILTIN onboard)

&9 Blink | Arduino 1.8.12 - ] X
File Edit Sketch Tools Help

Mew Ctrl+N
Open... Ctrl+O

Open Recent A
~
Sketchbook Built-in Examples
Examples b 01.Basics 3 AnalogReadSerial
Close Ctrl+W 02.Digital BareMinimum
Save Ctrl+5 03.Analog Blink
Save As... Ctrl+ Shift+5 04.Communication DigitalReadSerial
Page Setup  CtrlShift+P 03.Control Fade
Print Chrl+P 06.5ensors ReadAnalogVeltage
07.Display H
Preferences  Ctrl+Comma 08.Strings 3
Quit Ctri+Q 09.use >l ver the bosed 5\ : = ,
: 10.StarterKit_BasicKit il PR + (o] v -]
vold setup() { . ¢ . .
/F initjeldse—digital pil 11.ArduinolSP » - - j. : CE
pinMode [LED BUILTIN,| OUT g
1 Examples for any board §
Adafruit Circuit Playground  » -
/f the loop function runs Bridge 3
wvoid loop() {
e ; Esplora ¥ e
digitalWrite (LED BUILTII n (HIGH is the woltage lewvel)
lay {1000} ; Ethernet > bnd
italWrite (LED BUILTIN Firmata »Ef by making the voltage LOW
delay(1000) G5SM N nd
}
LiquidCrystal
Robot Centrel
Robot Motor
5D
Servo
SpacebrewYun
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Hello Arduino!

Na peletnBel eva kUkAwpa ou Ba cuvdebel oto Arduino, Ba dlaBetel eva LED pe o avtiotaon kat Ba
avaBoofryveL to LED.

4_

2 v

Kapra <
Arduino ! VieD

4_
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Hello Arduino!

H xprnon tn¢ avtiotaonc meploplopol peupatoc R elval anapaltntn mpokelpevou va mpopuAaxBel n
Slodoc LED armo tn Stappor uPnAol peupatoc to omnolo Ba pmopovoe va TNV KataoTpePeL.

To KUKAwpa Ba dlappeetal amno to pevpa . V. e

= Vet Vigp N Ve = Voo Vigp

V Vour =V
Emopevweg: [ = _R_ "out LED

R R

! _5V-2.1V 2.9V
K=" "2000 ~ 2000

= 0.01454A = 14.5mA
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Hello Arduino!
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Hello Arduino! — Aoywo Alaypappo

O €AeyX0C TOU PEVMATOC OTO KUKAWMA YIVETOL HECW KATAANAWVY €vioAwv kol mpoUmoBetel duo
EVEPYELEC:

(o) kaBoplopo Pndlakov akpodektn we e€0dou.

(B) kaBoplopo otabunc onuatoc (0 N 5V) otov eMIAEYLEVO aKPODEKTN.

Axioa 9 EEOA0OX

Axioa 9 = HIGH

—_—
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Awaypappota Ponc — Flowcharts

To Slaypappo pong elvol por SLaypaplatikn avarmapaotacn evoc alyopiBuou.
To dLaypappo pong eivol oAU XprioLLLO OTO VAL YPADETE MPOYPALLUOTA KAl Vo e€NYeite auTA o€ AAAOUC.

JUpBoAQ TTOU XPNOLUOTIOLOUVTAL OTO SLAYPAO PONC

Atadopetikd cUpBoAa xpnolpomolouvtal yla SLaPOPETIKEC KATAOTAOELC OTA OLOYPALLUATA PONG, Yl
napadeLypa:

H eloodoc / €€odoc kat n AP n anoddoewv €xouv StadopeTikd oV LLBOAA.

O mapakdatw Tivakac neplypadel OAa to cUBOAC TTOU XpnoLpomnoouvtal ylo tn dnpoupyla porc.
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Awaypappota Ponc — Flowcharts

Napadsiypata

Input D

ZUupBoAo 2KOTIOG Mepypadn
. , , , Xpnotuoroleltatl yla va UTtoSELKVUEL TN pOr TNC
Flow line Fpajun ponq/Bs)\oq AoylknG ouvdeovtog Ta cUBoAa.
~N Terminal , XpNOLUOTIOLELTAL YL VAL QVTITIPOOWTEVEL TNV OPXA
2 ) (Start/Stop) Tepuatiko (Start / Stop) Kall TO TEAOG Tou SLaypAUATOC PONC.
Xpnotwuormolettat yla Aettoupyla eloddou Kat
Input / Output Eiocobog /'E€060G egodou.
. . , Xpnolpomoleltal yla aplBunTkeg MPALELg Kat
Processing Ztadia Ene€epyaaiog Pnot VIO AP TTHNTIKES TP e
XELPLOHOUG SeSoUEVWVY.
Xpnotomole{Tal yla va avTutpooweVEL TN
e e Decision YnoBéoesic/AnodpAoelg Aettoupyla otnv omola unapxouv 800
- eVaANQKTLKEC AUoeLg, aAnBelg kat Peudeic.
™\ On-page . , ; Xpnoluormoleital ya va evtaxBel oe SladpopeTikn
) Pag ZUvdeopog eni tng oeAidag pnoty Y VTX dopetikri
— Connector YPQUN pONG
| Off-page , . , Xpnotorolettatl yla tn cuvOeon TUNUATOC PONG
V Connector ZUVBETAPAG EKTOG OEAIBaG oe Sladopetikr oelida.
Predefined NpokaBopiapévn Stadikaota / XpNOoLLOTOLELTAL YLO VAL AVTUTPOCWITEVEL pLat
Process/ AELT (a opada SNAWoewv OV eKTEAOUV pLa epyacia
Function oupy eneéepyaotiag.

4SIES Lab

A=30 +—W

Arrow indicates direction
of program flow

No

Yes

Exit diarond from right if
ﬂ'f BEI and from bottom if




Hello Arduino!

H evtoAn mou puBuileL tn popdn tou akpodektn eival pinMode mouv cuvtaooeTal WC:
pinMode(pin, mode);

omou pin elvat o Pnolakog akpodektne (oL Stabeoipotl Pndlakol akpodektec unopel va dtadpEpouy
avaAoya pe tnv ekdoon tou Arduino) ko

mode o tpomoc mou Ba xpnowornownBel (ot Paoikotepec emhoyec eival, INPUT yla eloodo kal
OUTPUT yLa €€060).

2TO OUYKEKPLUEVO Tapadelypa, emAexOnke o Pndlakoc akpodektng 9 kol 0 KABOPLOUOC TOU WC
e€odou Ba yivel wc e&Nc:

pinMode(9,0UTPUT);
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Hello Arduino!

H evtoAn mou puBuileL to av Ba avapel r) Ba elvat ofnoto to LED cuvtacoetal wc:
digitalWrite(pin, status);

omou pin elvat o PndLakog akpodektng (ot Stabeoipol Pndlakol akpodektec pumopet va dtapepouv
avaAoya pe tnv ekdoon tou Arduino) ko

status silval n otaBun tou onpatoc otnv akida (OV ywa LOW kat 5V yia HIGH).
Emopevwe n evtoAr nou Ba avadetl to LED Ba elval n:

digitalWrite(9, HIGH);

Kal n evtoAr nou Ba oBnoeLto LED Ba elval n:

digitalWrite(9, LOW);
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Hello Arduino! — Wiring C

void setup()

{
pinMode(9, OUTPUT);

}

void loop()

{
digitalWrite(9 , HIGH);

}
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Blinking Led — 1

Me Baon tnv mponyouluevn aocknon va dnuoupynBet eva KUKAwa ouv Ba xpnotpornotet Arduino kot
Wiring C ka Ba avafooPrvel eva LED.

oooooooooooooooooooooooooooooooooooooooooooooooooo
--------------------------------------------------

-------------------------------------------------
ooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooo
-------------------------------------------------
--------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooooooooooooooooooooo
----------------------------------------------
----------------------------------------------------
-----------------------------------------------

fritzing
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Blinking Led — 1 — Aoywko Alaypoppa

Axioa 9 EEOAOX
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Blinking Led — 1 — Wiring C

void setup()

{
pinMode(9, OUTPUT);

}

void loop()

{
digitalWrite(9 , HIGH);
delay(1000);
digitalWrite(9 , LOW);
delay(1000);

}
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Blinking Led — 2

Na dnuioupynBel €va kUkAwpa mou Ba ypnotpornolet Arduino kat Wiring C kot 6a avafet ta LED
eVOC pwtevol onuatodotn Ue Baon Touc mapakATw XpOvVouc:
[Mpaowvo 7 sec, [NoptokaAl 3 sec, Kokkivo 10 sec

Kokkwvo

O O ®
O @ O Kpra | Mpiowo %
\ 4

Moptoxkaii

. O O Arduino ?

®don#1l Daon#2  Daon #3
IIpacwo Iloptokoii Kokkivo !

2
4

GND
_L o o
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Blinking Led — 2
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Blinking Led — 2 — Aoywko Alaypoppua

Axideg 4,5,6
EZ0AOI
.

Axido 6=HIGH (Avaye [1pdovo)
ANAMONH 7 sec
Axida 6=LOW (Xpnoe tpdoivo)

v

Axida 5=HIGH (Avaye moptoKaAi)
ANAMONH 3 sec
Axido 5=LOW (Zpnoe mopTtokai)

v

Axida 4=HIGH (Avaye kOKKivo)
ANAMONH 10 sec
Axida 4=LOW (ZpnoekdKKivo)
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Blinking Led — 2 — Wiring C

int RledPin = 4;
int OledPin = 5;
int GledPin = 6;

unsigned int RDelay = 10000;
unsigned int ODelay= 3000;
unsigned int GDelay = 7000;

void setup()

{

pinMode(RledPin, OUTPUT);
pinMode(OledPin, OUTPUT);
pinMode(GledPin, OUTPUT);

}

// Ovopaoe akida 4 RledPin
// Ovopaoe akida 5 OledPin
// Ovopaoe akida 6 GledPin

//Xpovikn KaBuoTtEpnon yLa TOo KOKKLVO
//Xpovikn KaBuotépnon yLa TO TTOPTOKAAL
//Xpovikn KaBuotépnon yLa To MPACLVO

//Zuvaptnon apyLkomoinong

//Kave tic akidec
//4, 5 ko 6
//€€660u¢
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Blinking Led — 2 — Wiring C

void loop() //KUploc Bpoxoc

{

digitalWrite(GledPin, HIGH); //Avae to mpaocivo LED
delay(GDelay); //ywa 7sec kal

digital Write(GledPin, LOW); //oBnoe to.
digitalWrite(OledPin, HIGH); //Ava e to moptokaAt LED
delay(ODelay); //ywa 3sec kal
digitalWrite(OledPin, LOW); //oBnoe to.
digitalWrite(RledPin, HIGH); //Avae to npaowvo LED
delay(RDelay); //ywa 10sec kat
digitalWrite( RledPin, LOW); //oBnoe to.

}
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2elplakn Emkowvwvia — Serial Com

10010100110 ...

LU

H mAnpodopia petadidetat apdidpopa

HeTalL umoAoyLoTr Kat Arduino pE OELPLAKD
ouvdeon (kaAwblo USB).

H mAnpodopia petadidetat pe Svadika Pndia.
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2elplakn Emkowvwvia — Serial Com

s

2@

’\;arau (V{UK

’\_L‘ & jo O

H Taxutnta tng oelpLlakng emkowvwviag puetpate o€ Baud rate.
‘Eva (1) baud onuaivel petadoon evoc (1) cuuBoAlou kabe deutepoAemto.

‘Eva oupPBoAo pmopet va elval mepltocotepo amo 1 bit.

>uvnBwc petadidetal evac yapaktripac ASCII (8 bit).
'vwota baud rate eivat: 1200, 2400, 4800, 9600, 19200, 38400, 57600 kot 115200.

SSIES Lab




2elplakn Emwkowwvia

Ac urntoBeooupe otL BeAovpe va amooteilovpe e 9600 baud rate, 8 data bits, pe 1 start kat 1 stop bit.
Mta ouokeun petadidel toug ASCI yapaktipec ‘O’ kat ‘K’ kat Ba npemnel va dnuioupynoetl SUo TaKETA
dedopevwy. H dekadikn tun tou ASCII ‘O’ pa ko elval kepalato elvat to 79, 1o omnolo oto Suadiko elval
01001111, evw to ‘K elvar to 75 emopevwe 01001011. Quokd mpemel va AdBoupe kat ta bit
ouyxpoviopoU dnAadn To start kot to stop bit, SnAadny oto ocvvolo 10 Yndila. TEAog, Bewpolpe OTL
npwTta petadidovral ta Alyotepa onpavtika Suadika Ynodla.

0(1]1]1|1(0]|0|1(0]|1|10/1]|1]10|1(0]|8|1(0|1

« (
% ”ﬂwafbvhﬂ@ﬂbé@@%&v O/ NS S Y

fo'“o

AdoU petadiboupe og 9600 bps (bit per second), o xpovocg mou ypeltaletal kabe bit elvat 1/(9600 bps) n
104 us ylwa kaBe bit. Na kaBe byte dedopevwy mou petadidetal, otnv npayuotikotnta petadidouvpe 10
bits: to start bit, ta 8 data bits, kaL to stop bit. Emopevwe ota 9600 bps, otéAvoupe 9600 bits kabe
Seutepolemto 1 960 (9600/10) bytes to deutepoAemto.

Arduino ASCII Table:
https://www.arduino.cc/en/Tutorial/ASClITable

SSIES Lab



https://cdn.sparkfun.com/assets/c/a/0/b/7/50d2201ece395f0a15000001.png

BiBAL0Or KN — Serial()

Functions

IT (Serial)
available()
availableForWrite()

begin()

enar)
find()
findUntil()
flush()
parseFloat()
parselnt()
peek()
print{)
printing)
read()
readBytes()

readBytesUntil()

setTimeout()

write()

serialEwvent()

ARDUINO

H BBAL0BNKnN Serial oto Arduino eival pla cuAloyn
Ao XPNOLWUEC OCUVOPTAOELC TIOU MMMOPOUUE va
KAAEoOULE peoa o€  eva sketch kot va
xpnolwponotwjoovpe TO Serial Monitor ywa va
ETUTUXOUUE ETUKOVWVLA Kol avtaAlayn
MANPOPOPLWY HETAEY TOU UTIOAOYLOTH KOl TOU
Arduino.
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Serial() %

ARDUINO

e H oelplokn emkowvwvior xpnolomole(tal yla tnv emkowwvia petaéy tou Arduino board kat Tou
UTTOAOYLOTA | AAAWV CUOCKEUWV.

 'OAa ta Arduino boards €xouv TouAdyxlotov pia oglplakn mopta Serial Port (UART 7 USART).

e Emwkowwvel kat pe touc Pndlakoug akpodektec O (RX) kat 1 (TX) Omwc Kal UeE TOV UTTOAOYLOTH LECW TOU
USB.

 Me tn ouvbeon USB yivetal kal n amobrnkeuon Tou EKTEAECLUOU APXELOU TOU TIPOYPAUUATOC OTN UVAVN
TOU LKPOEAEYKTN.

* Av xpnowornoleic tn cuvbeon USB kal To evowuatwuevo Serial Monitor §& umopeic va XpnNOLLOTIOLNOELS
Touc akpodektec 0 kal 1 yia Wndakn eicodo kal e€odo.

e Jemepimtwon nou xpnowormnoleic tn BBAL0BNKN Serial, dvolée to Serial Monitor kat emeleée 1o (6o baud
rate mou dnAwaoeg Kat otnv kKAron tou begin() oto Setup().

 >ta Arduino boards, n oslplokny otouc akpodektec TX/RX ypnoiuorolel TTL logic levels (5V or 3.3V
avaAoya pe tnv €kdoon). Mn cuvOEeTe auTd TouC akpodekTec ameuBelac oe plo RS232 serial port yuatt
Aettoupyel og +/- 12V kot pnopet va kataotpgPel To Arduino board.
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Serial Monitor — IDE

Open Serial Monitor

& sketch dec15b | Arduino 12 FEFEN )

File Edit Sketch ETooIs Help

Auto Format Ctrl+T
Archive Sketch
sketch_decl5 Fix Encoding & Reload
conat int led) Serial Menitor Ctrl+Shift+M
unsigned int Serial Plotter Ctrl+Shift+L

unsigned int

WiFi101 Firmware Updater

Beoard: "Arduine/Genuine Uno" 4
Port: "COME (Arduino/Genuing Ung)" 4
Get Board Info

Input data Send data

Programmer: "AVRISP midl" 3

Burn Bootloader

Serial Monitor Clear

void setup() {
S/ initialize the serial communication:
Serial.begin{9600) ;
delay(50); //give tIdR to initialize serial

// initialize the ledPilNgs an output: Uncheck to stop scroll Line End|ng
pinMode {ledPin, OUIEUT):
Serial.println("Set monitor to Wo line ending™); \L

Z

}

< = -
Autoscrol Nolineendng

Baud Rate
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Pushing Led — 1 — Floating

Na SnuoupynBel eva kUkAwpo mou Ba xpnotuornotet Arduino kat Wiring C kat Ba epdavidel otn
OELPLaKN TNV KaTtdoTaon evoc dlakomtn wlnonc (push button) mou eAeéyyxel eva LED.

SNt AR RSN T
== =
cever sevee voolQ ZZ\ZZZZZ M \ZZZI cssss sssse secee

L
? 0

fritzing

SSIES Lab




RESET
RESET2
AREF

ioref

Al

Al

A2
A3
A4/SDA
AS/SCL

sV

3V3
WIN

Arduino
Uno
(Rev3)

GND

DO/RX

D1/TX

D2

D3 PWM

D4

D5 PWM

D& PWM

D7

L]

D9 PWM
D10 PWM/SS
D11 PWM/MOSI
D12/MISO
D13/5CK

Pushing Led — 1 — Floating
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Pushing Led — 1 — Floating

int pinButton = 2; //Ovopoaoe akida 2 pinButton

int ledPin =9; //Ovopaoe akida 9 ledPin

void setup() //Zuvaptnon apxLkomoinong

{

pinMode( pinButton, INPUT ); //Kave akida 2 elcobo

pinMode( ledPin, OUTPUT ); //xaw okida 9 £€060

Serial.begin(9600); //evepyomnoloU e oeLlpLaKn He ToxutnTta 9600bps
}

void loop(){

int stateButton = digitalRead(pinButton); //evtoAn avayvwong tunic anod Yndakn eicodo
Serial.printIn(stateButton);
if (stateButton == HIGH)

{
digitalWrite(ledPin, HIGH);

}

else
digitalWrite(ledPin, LOW);

} SSIES Lab




& comd - O *

| send |

Pushing Led — 1 — Floating

To LED Ba mpemnet va eival oBnoto 0co xpovo to button dev
elval matnuevo.

‘OUwC mapaTtnPoUpE OTL auto Ogv LOoYVEL ylatl o dlakomtnc
elval otov agpa (floating).

COoOOHKEKHMEREREOODOOOODOOOOGOOOSOOOODO0O0O000000RR: K+ H#ERGOood

[+] Autoscrall [] Show timestamp |No line ending | |9600 baud w | | Clear output
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Pushing Led — 2 — Pull-up Resistors

Na dnuoupynBel eva kUkAwpo mou Ba xpnotwporotet Arduino kot Wiring C kat Ba epudavilel otn
OELPLaKN TNV Katdotaon evoc Stakomtn wbnonc (push button) pe evepyomnoiwnuevecg tic Pull-up resistors
otov OLaKOTTN.

E R W ZAAAA,
[ T 1

. =

P
L-%

TX . )
rx@® Arduino

fritzing
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RESET
RESET2
AREF

ioref

AD

Al

A2

A3
A4/SDA
AS/SCI

Z
M

32V3

v

Arduino
Uno
(Rev3)

GND

WIM

DO/RX
D1/TX

D2

D3 PWM

D4

D5 PWM

D6 PWM

D7

D8

D9 PWM

D10 PWM/SS
D11 PWM/MOSI
D12/MISO

D13/5CK

R1
220Q

Pushing Led — 2 — Pull-up Resistors
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Pushing Led — 2 — Pull-up Resistors

int pinButton = 2; //Ovouooe akida 2 pinButton

int ledPin =9; //Ovopaoe akida 9 ledPin

void setup() //Zuvaptnon apxLkomoinong

{

pinMode(pinButton, INPUT_PULLUP); //Kave akida 2 eicodo pe Pull-up
pinMode(ledPin, OUTPUT); //xaw okida 9 £€060

Serial.begin(9600); //evepyomnoloU e oelpLakn pe Toxutnta 9600bps
}

void loop(){

int stateButton = digitalRead(pinButton);
Serial.printIn(stateButton);
if (stateButton == LOW)

{
digitalWrite(ledPin, HIGH);

}

else
digitalWrite(ledPin, LOW);

} SSIES Lab




Pushing Led — 3 — External Pull-down Resistor

Na dnuoupynBel eva KUKAwa ou Ba xpnowuornotlel Arduino kat Wiring C kat Ba avafoofrivel n Ba
Kpatd ofnoto eva LED kdtw amo tov eAeyyo evoc dlakomntn wbnonc (push button).

5 il
Képta S

§ 2200
Arduino A

ENKQ 13
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Pushing Led —3

.
.
.
.
.
.
.
.
.
<
.
.
.
.
.
L
.
L
<
©
.
L
L
.
L
L
L
©
L
.
L
.
L
.
.
o
L
L]
.
L
.
.
L
L
e
L
L
©

® o o 0 0 0 0 0 0 0 0 0 0 0 e o
® 0 0 0 0 0 0 0 0 0 O 0 00 e o
® ® 0 0 0 0 0 0 0 0 0 0 0 0 e o
® 0 0 0 0 0 0 0 0 0 0 0 0 0 o o
® © 0 0 0 0 0 0 0 0 0 0 0 0 * o
® ® 0 9 0 0 0 0 0 0 O P 0 0 e o
-w.......... e o
® 0 ® 0 0 0 0 0 0 0 0 0 0 0 0 e o
® 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ° o
e o o 0 ® ® 0 0 0 0 0 0 0 0 e o
o o 0 0 e ® 0o 0 0 e o 0
® o 0o 0 0 o 0o 0 0 0 L B

~ 8! x> m
o1 t

DIGITAL (PWM

m.

NmoT ow
< <« = =

SSIES Lab




Pushing Led — 3 — Aoywko Alaypappo

Axidoa 2 EIZOAOX
Axioa 9 EEOA0X

Axida 2=HIGH?

Axida 9 = HIGH
Axido 9 = LOW v
ANAMONH 1 sec

v

Axida 9 = LOW

v

ANAMONH 1 sec
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Pushing Led — 3 — Wiring C

int pinButton = 2;
int ledPin =9;
int stateButton = 0;

void setup()

{
pinMode(pinButton, INPUT);

pinMode(ledPin, OUTPUT);
}

//Ovouaoe akida 2 pinButton
//Ovépace akida 9 ledPin
//Apxwonoinoe stateButton

//Zuvadptnon apyikomnoinong

//Kave akida 2 eloodo
//xow akida 9 £€o0bdo
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Pushing Led — 3 — Wiring C

void loop() //KOpLoc Bpoxog

{ //AldBaoe Tnv katdotaon
stateButton = digitalRead(pinButton);  //tou Stakormtn Kot

if (stateButton == 1) //av €xeL kKAelo€L 0 SLAKOMTNG
{

digitalWrite(ledPin , HIGH); //avaBoopnoe to LED
delay(1000);

digitalWrite(ledPin, LOW );

delay(1000);

}

else //dladopeTikd
digitalWrite( ledPin, LOW ); //oBnoe to LED

}
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Pushing Led —4

Na dnpovpynBet eva kUkAwpa mou Ba xpnotpornotet Arduino kat Wiring C kat Ba avaoofrivel elte
EVOL KOKKLVO elte eva mpaowvo LED ka&tw armo tov €Aeyxo evoc dtakomntn wbnonc (push button).

220Q 2200
Képta

Arduino v § 3




Pushing Led —4
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Pushing Led —4

Axioa 2 EIZXOAOX
Axioa 8 EEOAOX
Axioa 9 EE0OA0X

OXI NAI

Axioa 2=HIGH?

Axidoa 9 = LOW Axiooa 8 = LOW
A / A /
Axioa 8 = HIGH Axioa 9 = HIGH
ANAMONH 1 sec ANAMONH 1 sec
Axioa 8 = LOW Axidoa 9 = LOW
ANAMONH 1 sec ANAMONH 1 sec
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Pushing Led —4 — Wiring C

int buttonPin = 2; //Ovéuaoe akida 2 buttonPin
int GledPin = 8; //Ovopaoe akida 8 GledPin
int RledPin=9; //Ovopoaoe akida 9 RledPin
void setup()

{

pinMode( buttonpin, INPUT); //Kave tnv akida 2 eicodo
pinMode( GledPin , OUTPUT); //kaL Tt akibec 8 kaL 9
pinMode( RledPin , OUTPUT); // €€660uc

}
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Pushing Led —4 — Wiring C
void loop()

{
if (digitalRead(buttonPin)) //Av n akiba 2 eivat HIGH

{
digitalWrite( RledPin, LOW ); //AvaBoopBnoe npdowo LED
digitalWrite( GledPin, HIGH );
delay( 1000 );
digitalWrite( GledPin, LOW );
delay( 1000 );
}

else //AwadopeTika
{
digitalWrite( GledPin, LOW ); //AvaBoopnoe kokkwvo LED
digitalWrite( RledPin, HIGH );
delay( 1000 );
digitalWrite( RledPin , LOW );
delay( 1000 );

} SSIES Lab




Pushing Led — 4 — Wiring C — Subroutines (version)

int buttonPin = 2; //Ovopoaoe akida 2 buttonPin
int GledPin = §; //Ovéuaoe akida 8 GledPin
int RledPin=9; //Ovéuaoe akida 9 RledPin
int FlashTime =500 ; //Apxwn T FlashTime=0
void FlashGreen(); //Ynopoutiva avaBooBripatoc npdcivou LED
void FlashRed(); //Ynopoutiva avaBooBripatog kokkivou LED
void setup()
{
pinMode(buttonPin, INPUT); //Kave tnv akida 2 eicodo

pinMode(GledPin , OUTPUT); //xaLtic akidec 8 kaL 9
pinMode(RledPin , OUTPUT); // €€660u¢

}

SSIES Lab




Pushing Led — 4 — Wiring C — Subroutines (version)

void loop() //Kuplwc mpoypoppa
{
if (digitalRead( buttonPin )) //Av n akida 2 eivat HIGH
{
FlashGreen(); //avopoopnoe npacwvo LED
}
else //AladopeTika
{
FlashRed(); //avaBoofnoe kokkwvo LED
}
}
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Pushing Led —4 — Wiring C — Subroutines (version)

void FlashGreen() //AvapooBnoe npdowo LED
{ //ue ouyvotnta pia dopa
digitalWrite(RledPin, LOW); //to beutepoOAemnto
digitalWrite(GledPin, HIGH);
delay(FlashTime);

digitalWrite(GledPin, LOW);
delay(FlashTime);

}

void FlashRed() //AvapBooBnos kokkwvo LED

{ //ue ouyvotnta pia dopa
digital Write(GledPin, LOW); //to beutepoOAemnto

digitalWrite(RledPin, HIGH);
delay(FlashTime);
digitalWrite(RledPin, LOW);
delay(FlashTime);
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Pushing Led — 5 — SFR (Special Function Registers)

Na onulovpynBel eva kUkAwpa mou Ba xpnowuomotlel Arduino, Wiring C kot touc SFR vyl va
avoBoofryvel eva LED (PING) pe €va dlakomtn wbnonc (push button — PIN2) pe evepyomolnUEVEC TLC
Pull-up resistors otov dtakormntn.

fritzing
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Pushing Led — 5 — SFR (Special Function Registers)

int pinButton = 2;

int ledPin = 6;

void setup(){

PORTD = BO0O000100; //pinMode(pinButton, INPUT_PULLUP);
DDRD = B01000000; //pinMode(ledPin, OUTPUT);

}

void loop(){

int stateButton = (PIND & (1 << pinButton)) >> pinButton; //int stateButton = digitalRead(pinButton);

if (stateButton == LOW) {

PORTD = (1 << ledPin) | PORTD; //digitalWrite(ledPin, HIGH);
}else

PORTD = ~(1 << ledPin) & PORTD; //digitalWrite(ledPin, LOW);




Pushing Led — 5 — SFR (Special Function Registers)

76543210 pinButton nov Bpioketal port D O€on 2 npémnel va oplotel w¢ sicodoc apa 0.
DDRD = B01000000; ledPin ntov Bpioketal port D B€on 6 mpEmnel va opLotel wg codoc apa 1.

76543210 . ) ) , , $define FIND SFR_IOS (0x09)
PORTD = B00000100; pinButton gival eilcodog pe evepyomotnpevn tnv Pull-up apa 1. :ocrinc pooo o

#define PINDI1
#define PIND2
#define PIND3
#define PIND4
#define PINDS
#define PINDE
PORTD - The Port D Data Register #define PIND7

Bit 7 B 5 4 3 2 1 0
0x0B (x2B) | PORTD7 | PORTD6 | PORTD5 | PORTD4 | PORTD3 | PORTDZ | PORTD1 | PORTDO | PORTD

e I VI Y O L O S

$define DDRD SFR 108 (0x0A)
#define DDDO

Read/Write RW RIW RAW RAW RIW RIW RIW RIW , - o
Initial Value 0 0 0 0 0 0 0 0 #define DDDL 1
#define DDDZ 2
. . . #define DDD3 3
DDRD - The Port D Data Direction Register fdefine DDD4 4
Bit 7 6 5 4 3 2 1 0 #define DDDS &
0x0A (0x24) | DDD7 | DDD6 | DDD5 DDD4 DDD3 DDD2 DDD1 DpD0 | DDRD #define DDDE &
Read/Write RW RIW RAW RAW RIW RIW RIW R #define DDDT 7
Initial Value 0 0 0 0 0 0 0 0

#define PORTD _SFR_ICS (0x0B)
PIND = The Port D Input Pins Address #define PORTDO O
#define PORTD1

Bit 7 6 5 4 3 2 1 0

0x00(0x28) [ PIND7 | PINDE | PIND5 | PINDi | PIND3 | PINDZ | PIND1 | PINDO ] PIND DDRx. PORTx. PINX givaut :ge?ne EEEE;
. — — — — - - - — ) ) erine

Read/Write R R R R R R R R

Initial Value NIA NIA NiA NIA N/A N macros oto Arduino  #d=fins PORTDS

. $define PORTDS
(lom328p.h) #define PORTDE

A M/A MNIA
fngf.
%’\I ES La b #define PORTD7

e I VT Y PO L O Y S




Pushing Led — 5 — SFR (Special Function Registers)

76543210 pinButton nov Bpioketal port D O€on 2 npémnel va oplotel w¢ sicodoc apa 0.
DDRD = B01000000; ledPin ntov Bpioketal port D B€on 6 mpEmnel va opLotel wg codoc apa 1.
76543210

PORTD = B00000100; pinButton givaw eicobdog pe evepyonownpévn tnv Pull-up dpa 1.

int stateButton = digitalRead(pinButton); ME TI¢ SFR dnAwoelg:
int stateButton = (PIND & (1 << pinButton)) >> pinButton;

ESdw Oa xpnotponotjooupe to PINX yLoti aautd anodnkeveL tnv T tou KaBe bit tou SFR. Epeig oto pin
€L0060V OEAoUE va BAETIOULE TNV TLUN TOU LA TO aVvABOUHE 1} va Tto ofrjvoupe (matnpévo avapet/eAeuBepo
gival opfnoto). Edw xperalopaocte U0 OALOONCELG, N TTPWTN TPOG TOL OLPLOTEPA YLOL VOL OLTTOLOVWOOULE LOVO
TNV TN TG EL00d0U Kol n deUtepn npog ta defLa yia va pEpoupe tnv Tl 0 4 1 oto bit 0.

76543210
PIND = BOO000Xx00

&AND MASK= B00000100 Maoka pe LSL kata pinButton =2 B€oelc tov 1 (1 << pinButton)

PIND = BOOOOOX00 kot oAicOnon npog ta 6€ud LSR katd pinButton B€oeig (>> pinButton).
PIND = BOO0O000OX Tto x pmopesi va givail 0 3 1 avaloya HeE To matnua tou button kot popet va yivel o

2 €\eyxog tou if (stateButton == LOW).
4%<FES Lab




Pushing Led — 5 — SFR (Special Function Registers)

76543210 pinButton nov Bpioketal port D O€on 2 npémnel va oplotel w¢ sicodoc apa 0.
DDRD = B01000000; ledPin ntov Bpioketal port D B€on 6 mpEmnel va opLotel wg codoc apa 1.

76543210
PORTD = B00000100; pinButton givat eilcodog pe evepyomnownpévn tnv Pull-up dpa 1.

digitalWrite(ledPin, HIGH); pe ti¢ SFR dnAwoeLc:
if (stateButton == LOW) {
PORTD = (1 << ledPin) | PORTD; 1 apkei... PORTD = B01000000; ? 2 ?

2tn 6evtepn dSRAwon Oa divape tiun 1 oto pin 6 aAAd Oa XAavape Tnv Evepyomnoinon thg ELloc6dov oto 2,
QPO TIPEMEL VAL XPNOLLOTIOL)OOUHE La paoka He OR wote va peivouv Kat ta dvo:

76543210
PORTD = B00000100

|OR  MASK =B01000000 Maoka pe LSL katd ledPin=6 B¢oeig tov 1 (1 << ledPin)

PORTD = BO1000100 Apa £XOULE KOlL TO pin 2 AVEMNPEAOTO Kat To pin 6 set oto 1.
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Pushing Led — 5 — SFR (Special Function Registers)

76543210

pinButton nov Bpioketal port D O€on 2 npémnel va oplotel w¢ sicodoc apa 0.
DDRD =B01000000;

ledPin ntov Bpioketal port D B€on 6 mpEmnel va opLotel wg codoc apa 1.

76543210
PORTD = B00000100; pinButton givat eilcodog pe evepyomnownpévn tnv Pull-up dpa 1.
else
digitalWrite(ledPin, LOW); ME TG SFR dnAwoelg:

PORTD = ~(1 << ledPin) & PORTD; i apKei...  PORTD = BO000000O; P 2 ?

Ztn 6evtepn SRAwon divape TR 0 oto pin 6 aAAd Oa xAvoae TV evepyonoincn tng eLcodov oto 2,
APA TIPEMEL VAL XPNOLLLOTIOL)OOUHE La VEQ paoka pe not AND:

76543210
PORTD = B00000100

& AND MASK =B10111111 Maoka pe LSL katd ledPin=6 B€oeig tov 1 kat not: ~(1 << ledPin)

PORTD = BO0O000100 Apa £XOULE KoL TO pin 2 AVEMNPEAOTO Kat To pin 6 set oto 0.
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Logic Gate

Na SnuioupynBel eva kUKAwpa rou Ba xpnotpomnolel Arduino ko Ba uAormotet pa TuAn AND SUo elcodwv.

2-input AND gate
Input, —
Pl }Dutput
Inputy —

Output

oo

A
0
0
1
1

— 0| =2
=
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Logic Gate

llllllllllllllllllllllllllllll
..............................

oooooooooooooooooooooooooooooo

fritzing
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Logic Gate — Coding

int buttonPinA = 2; // Button 1
int buttonPinB = 3; // Button 2
int LEDredF = 8; // Output pin Led

int A; //variable for input state of the Button 1
int B; //variable for input state of the Button 2

void setup() {

pinMode(LEDredF, OUTPUT); // set led as output
pinMode(buttonPinA, INPUT); //set logic input A
pinMode(buttonPinB, INPUT); //set logic input B

}
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Logic Gate — Coding

void loop(){

A = digitalRead(buttonPinA);
B = digitalRead(buttonPinB);

if (A&&B)) { // put here your logic statement, be careful with ()

digitalWrite(LEDredF, HIGH);

}else

{
digitalWrite(LEDredF, LOW);

}
}

Me to 1610 TpOTIO UAOTIOLOUUIE KL TLG AAAEG AOYLKEG TTUAEG:
| (logical not) && (logical and) | | (logical or)
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https://www.arduino.cc/reference/en/language/structure/boolean-operators/logicalnot/
https://www.arduino.cc/reference/en/language/structure/boolean-operators/logicaland/
https://www.arduino.cc/reference/en/language/structure/boolean-operators/logicalor/

Serial Monitor — Led Control

Na OnpovpynBet eva kUkAwpa mou Ba xpnotpormotet Arduino kat Wiring C kat Ba dexeTal amo Tn oeLlpLokn
apBuouc ano to 0 ewc to 9. MNa kaBe apBuo 1 Ba avapet eva LED kal pe to O Ba ofrivel. Na kabe aAlo
aplBUO n oelplakn Ba evnuepwvel otL 600nke AdBoc aplBLLOC Kal N EvEpyeLa NTAV AKUEN.

fritzing
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Serial Monitor — Led Control

const int ledPin =9;
int number =0;

void setup() {
// initialize the serial communication:
Serial.begin(9600); // Set also the monitor to 9600 bps
delay(50); //a short delay to establish serial communication
// initialize the ledPin as an output:
pinMode(ledPin, OUTPUT);

// Change Serial Monitor line ending :

Serial.printIn("Set monitor to No line ending");
Serial.printIn("Enter Number:");

}

SSIES Lab




Serial Monitor — Led Control

void loop() {

number=0; // set number to O for each loop
while (Serial.available() == 0) {/*do nothing*/}

while (Serial.available()) {
//Arduino reads from serial a byte/loop in ASCII coding
//byte incoming = Serial.read();
byte incoming = Serial.read() - '0';
//Corrects ASCII Dec to an integer digit from 0 to 9
number = incoming;
Serial.print("Number=");
Serial.println(number);

SSIES Lab




Serial Monitor — Led Control

if ((number >=0 && number <=9) && (number == 1)){
Serial.printIn("Led is On");
digitalWrite(ledPin, HIGH);
}
else if ((number >=0 && number <=9) && (number == 0)) {
Serial.printIn("Led is Off");
digitalWrite(ledPin, LOW);
}
else {
Serial.printin("Invalid! Try Again!");
}
} // close while
} //close Loop

SSIES Lab




Serial Monitor — Led Control

Invalid! Try Rgain!
Humker=2
Inwvalid! Try RAgain!
Humber=3
Invalid! Try Again!

Autoscroll
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Serial Monitor — AA2

Na onpovpynBet eva kUkAwpa mou Ba xpnotpornotet Arduino kat Wiring C kat Ba dexeTal amo Tn oEpLoKN
EVOl LN TIPOONUAOUEVO aKEPOLO apLlBLO Kal Ba Tou umoloyilel tn duvaun tou 2.

To amoteAeopa Ba mpemeL va lval Vo EYKUPOC LN TIPOCNLACUEVOC AKEPOLOC.

2TV nepimtwon mou €xoupe umepyeillon Ba avaBet eva LED.
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Serial Monitor — AA2

constint ledPin=9;
unsigned int RESULT;
unsigned int A=0;

void setup() {

// initialize the serial communication:
Serial.begin(9600);
delay(50); //give time to initialize serial

// initialize the ledPin as an output:
pinMode(ledPin, OUTPUT);
Serial.printin("Set monitor to No line ending");

}

SSIES Lab




Serial Monitor — AA2

void loop() {

A=0;

Serial.printIn("Enter num A:");

while (Serial.available() == 0) {/*do nothing*/}

while (Serial.available()) {

A = Serial.parselnt();
Serial.print("Number A=");
Serial.printIn(A);

RESULT = A*A;
Serial.print("Result A*2=");
Serial.printIn(RESULT);

SSIES Lab




Serial Monitor — AA2

if (A>=256){
digitalWrite(ledPin, HIGH);
Serial.printIn("Overflow"); //OVRFLOW = 65535
Serial.printIn("Invalid number! Try Again!");
}
else {
digitalWrite(ledPin, LOW);
}
Serial.flush();
//calling flush() you can be sure that all data has been sent,
//and the buffer is empty

SSIES Lab




Serial Monitor — AA2

Set monitor to HNo line ending
Enter num A:

Humber E=5

Besult A~2=25

Enter num A:

Nurmber R=200

Besult A~2=40000

Enter num A:

Humber A=257

Besult A~2=513

Overflow

Invalid number! Try Rgain!
Enter num A:

Humber RE=10

Besult A~2=100

Enter num A:

Autoscroll
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Arduino Analog Pins

To Arduino nmpoodepeLl eva cUVOAO aKkpodeKTWY Tou cuvdeovTal aneuBelac Ue TIC AVAAOYIKEC £L00O0UC
TOU pLKpoeAeykT. To avaloylko onua elcodou umopei va Bploketal oto evpoc 0-5V.

O HIKPOEAEYKTNG HETATPEMEL TIC AVAAOYIKEC TAOELC €TOL WOTE va avtotolyouv o€ 1024 SLadOPETIKEC
PNPLakeC oTABLEC UE TN XproN Tou evowpatwpevou 10-bit Metatpomnea amno Avaloyiko oe Wnolako (10-
bit Analog to Digital Converter — 219=1024). AvdAoya pe Tn cuoKeLOolo TOU €Xel 6-kavaAla (PDIP) kat 8-
KavaAla (TQFP, QFN/MLF). Apa StaB€teL akpiBela petatpornic 5V/1024=0.0049V r} 4.9mV.

H akp(Belo autr) elval LKAVOTTOLNTLKA VLA TLC TIEPLOCOTEPEC EPAPLLOYEC.
H avayvwon avaAoylkol oAUaToc YIVETAL UE TNV EVTOAN:

analogRead(pin) OTIOU PiN TO AVOYVWPLOTLKO TNC avaAOyLKAC ELcOS0oU.
OL dU0 enopeveC eVIOAEC elval LOOSUVALEC Kol avadEPOVTOL OTNV OVAYVWON o tnv avaioykn eicodo O:

analogRead(0)
analogRead(A0)

SSIES Lab




Arduino Analog Pins

To mMpOPANUO TTOU TPOKUTITEL E(vVaL OTOV TO EUPOC TWV AVAAOYLIKWY TACEWV Elval TIEPLOPLOEVO, TL.X. O-3V.
2€ ULlo TETOLA TepimTwon n avaAuon nou npokumtel Ba elval maAL n dal, dnAadry 0.0049.

AUTO cupPalivel OLOTL O LLKPOEAEYKTHC XpnoluoTmolel €€’ oplopol wc Taon avadopac ta 5V.

To {ntoUlpevo Opwc eivat n BeAtiwon tng avaAuong.

[la va yivel auto, Ba MPEMEL vaL TPOCAPLOOTEL N TACN avadOPAC OE ULOL KOVTLVA T UE TN MEYLOTN TNC
AVOAOYLKN G eL00O0U Tou Ba epapLLOoTEL.

H pUBuLon autn pnopel va yivel eite mpoypaULATIOTIKA (TE e ePapUOoy EEWTEPLKOU KUKAWLLATOC.

2 TNV TPOYPOALLLOTLOTIKY) pUBLLLON, OL ETULAOYEC ELvVaL TIEPLOPLOUEVEC O€ avTiBeon Ue TO MPOCAPUOOLEVO
€EWTEPLKO KUKAWLA TIOU Umopel va xpnotpormnotnBel.
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Arduino Analog Pins

H puBulon tng tdong avadopdc yivetal pe tnv evtoAr) analogReference(Ref type), omou n mapdpetpog
Ref_type unopei va sivat:

DEFAULT
Avtiotolel og taon 5V N 3.3V avaloya pe tnv ekdoon tou Arduino.

INTERNAL
2TIC TIEPLOOOTEPEC TEPUTTWOELC (ATmegalb8 or ATmega328P) avtiotowxel otnv Twun 1.1V (2.56V otov

LLLKpOEAEYKTH ATmega8).

2TnVv €kdoon Mega yxpnotuoroovvtal ot INTERNALIVI kot INTERNAL2V56 avti tng INTERNAL yla TAOELC
avadopac 1.1V kat 2.56V avtiotowya.
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Arduino AREF (EXTERNAL)

Me autr TtV MapAUETPO, N Tdon avoadopdc pubuiletal amod tnv tdon mou ebapUOleETaL OTOV AKPOOEKTN
AREF.

Mavtwe, auth n taon oev unopel va elval pkpotepn ano OV i peyalutepn amo 5V.

H taon auth umopel va nmpooapuootel eUkoAo oto emBupnto emimedo XpNOLUOTOLWVTAC £va OLALPETN
TAOoNC.

'Etol, pe taon avadopdg ta 3V, n avtiotoyn avaluon Ba eivat 3/1024=0.003V, SnAadr) moAU kaAUTepn amod
v 0.0049V otnv nepimtwon tn¢ taonc avadopac Twv 5V.

Me QUTO TOV TPOTO ETUTUYXAVETAL MEYAAUTEPN €uxeEpPELla Slaxelplong €voc avaloylkoUu ONUATOC Tou
Kwveltal otnv meploxn 0 ewc 3V.
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analogRead() %

ARDUINO

Reads the value from the specified analog pin. The Arduino board contains a 6 channel AO-A5 (8 channels on
the Mini and Nano, 16 on the Mega), 10-bit analog to digital converter.

»This means that it will map input voltages between 0 and 5 volts into integer values between 0 and 1023.
»This yields a resolution between readings of: 5 volts / 1024 units or, .0049 volts (4.9 mV) per unit.

»The input range and resolution can be changed using analogReference().

» |t takes about 100 microseconds (0.0001 s) to read an analog input, so the maximum reading rate is about
10,000 times a second.
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https://www.arduino.cc/reference/en/language/functions/analog-io/analogreference

analogReference() %

ARDUINO

Notes and Warnings!!!

After changing the analog reference, the first few readings from analogRead() may not be accurate.

Don’t use anything less than OV or more than 5V for external reference voltage on the AREF pin! If you're
using an external reference on the AREF pin, you must set the analog reference to EXTERNAL before
calling analogRead().Otherwise, you will short together the active reference voltage (internally generated)
and the AREF pin, possibly damaging the microcontroller on your Arduino board.

Alternatively, you can connect the external reference voltage to the AREF pin through a 5K resistor, allowing
you to switch between external and internal reference voltages. Note that the resistor will alter the voltage
that gets used as the reference because there is an internal 32K resistor on the AREF pin. The two act as a
voltage divider, so, for example, 2.5V applied through the resistor will yield 2.5 * 32 / (32 + 5) = ~2.2V at the
AREF pin.
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Debug analogPin

00000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000

fritzing
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Debug analogPin

int analogPin = 2; // potentiometer wiper (middle terminal)
//connected to analog pin 2
// outside leads to ground and +5V

int val =0; // variable to store the value read
void setup()
{
Serial.begin(9600); // setup serial
}
void loop()
{
val = analogRead(analogPin); // read the input pin
Serial.printin(val); // debug value
}

SSIES Lab

Inueiwon: Ol akpodekteg GPIO
LE TNV €vOelen Ax,
Xpnolpomolouvtal Katd Baon wg
avoAoykot (6ev dnAwvovtal oto
setup) aAAd pun Eexvape otL eivat
|0 yevikoU oKOTtoU Kol UImopouvV
va SnAwBouv oto setup wg

Pndlakéc.

Neplocotepa edw:

https://docs.arduino.cc/learn/
microcontrollers/analog-input




PWM — Pulse Width Modulation

H texvikl PWM amotelel kat yia to Arduino pta pebodo napaywync Peudoavaloylkwy TACEWY LECW TWV
PnPLakwyv e€00wv.

‘'O\ec oL ekdooelc Arduino, urtootnpilouv PWM otouc Pndlakolc akpodeKTEC.

OL aKpOSEKTEC TTOU UITOPOUV VA SWOOUV TETOLO O, Exouv TNV EVOeLEn (~).

210 Arduino UNO &waBétouv PWM ot akidec: 3,5,6,9,10,11

H texvikn autr) AUveL To MPoPANUO TwV EVOLALECWY TACEWV TIOU artaLtouV yia mapadetypa ta potep DC

TIPOKELMEVOU va elval duvath n ermAoyn TNS TaxLTNTAC MEPLOTPOPNC N TO OUAAO Avappo Ko ofrjolpo LED
(fading).
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PWM — Duty Cycle — analogWrite

O koBoplopog tov whehpov kUKAou (Duty Cycle) yivetal pe tnv evtoAry analogWrite, mou maipvel wc
MAPAETPO Evav akEpaLo aplBud oto daotnua 0 Ewg 255.

O apBuoc 0 avtiotolxel oe mMooooto wPEALLLOL KUKAoL 0%, evw 0 255 o€ mooooto 100%.

OL evtoAEg mou akoAouvBouv, puBuilouv Ta avtiotola nmoocoota ywa ta PWM orjpata mou ¢galvovtal oto
ETIOLEVO OXN A yla TOV aKpOoOEKTN pin.

analogWrite(Pin, 0) // DC=0%
analogWrite(Pin, 63) // DC=25%
analogWrite(Pin, 127) // DC=50%
analogWrite(Pin, 191) // DC=75%
analogWrite(Pin, 255) // DC=100%
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Anpovpyla Malpwv Atopopdwonc Eupouc MoApov
PWM (Pulse Width Modulation)

Taon A

5V [« t1 P —12—Pie t1 >ig—t2—p!

O\ : . —>
( T ) < T ) Xpovog

KukAog evepyoU Aettoupyiag (Duty Cycle rj DC)=t1/T(%)

To Arduino €xet PWM cuyvotnta f ~500Hz dpa n nepiodog T=2mes.

Mua kAon otnv analogWrite() unopetl va mapel Tipeg anod 0 — 255.

Apa, T.x. ula analogWrite(255) €xeL 100% duty cycle (avauuévo peylota),
kal analogWrite(127) elvai 50% duty cycle (avaupevo pLETPLA).
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EvOEIKTIKEC KUpATOHOPdEC VLa TNV TEXVIKH PWM

|

| DC=0%
: Vout=0V
|

Vout=1.25V

B

|

DC=50%
Vout=2.5V

!

!

!

I
|
: DC=25%
|

|

i

i

!

I

|

—_ — - - ® -

DC=75%
Vout=3.75V

DC=100%
Vout=5V
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analogWrite() %

ARDUINO

Writes an analog value (PWM wave) to a pin. After a call to analogWrite(), the pin will generate a steady
square wave of the specified duty cycle until the next call to analogWrite() (or a «call
to digitalRead() or digitalWrite()) on the same pin.

 The frequency of the PWM signal on most pins is approximately 490 Hz.
 Onthe Uno and similar boards, pins 5 and 6 have a frequency of approximately 980 Hz.

 On most Arduino boards (those with the ATmegal68 or ATmega328P), this function works on pins 3, 5, 6,
9,10, and 11.

* You do not need to call pinMode() to set the pin as an output before calling analogWrite().

 The analogWrite function has nothing to do with the analog pins or the analogRead function.
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map() ©,0,

ARDUINO

Re-maps a number from one range to another. That is, a value of fromLow would get mapped to tolLow, a
value of fromHigh to toHigh, values in-between to values in-between, etc.

Does not constrain values to within the range, because out-of-range values are sometimes intended and
useful. The constrain() function may be used either before or after this function, if limits to the ranges are

desired.
Note that the "lower bounds" of either range may be larger or smaller than the "upper bounds" so the map()
function may be used to reverse a range of numbers, for example: y=map(x, 1, 50, 50, 1);

The function also handles negative numbers well, so that this example:y = map(x, 1, 50, 50, -100);
is also valid and works well.

The map() function uses integer math so will not generate fractions, when the math might indicate that it
should do so. Fractional remainders are truncated and are not rounded or averaged.

Syntax
map(value, fromLow, fromHigh, toLow, toHigh)
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Edappoyec pe PWM -1

Na dnuoupynBel eva kUkAwpa mou Ba xpnolpormolet
Arduino kot Wiring C kat Ba avédvel TNV dwTevOTNTA EVOC
LED pe tn xprion PWM oamo 0 €wc 255.

Notes and Warnings!!!
The PWM outputs generated on pins 5 and 6 will have higher-than-expected duty cycles. This is because of

interactions with the millis() and delay() functions, which share the same internal timer used to generate
those PWM outputs. This will be noticed mostly on low duty-cycle settings (e.g. O - 10) and may result in a
value of 0 not fully turning off the output on pins 5 and 6.
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PWM -1 — Coding

int pwm =9;
byte pwmValue; //8-bit, 1 byte, 0-255

void setup()

{
}

void loop()

{
analogWrite(pwm,pwmValue);
pwmValue++;
delay(20);

}
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Edappoyec pe PWM — 2

Na dnpoupynBet eva kUkAwpa mou Ba xpnotpornotet Arduino kot Wiring C kat 6o auéopeLwVEL TNV
dwtewvotnta evoc LED pe tn xprion evoc motevolopeTpou Kat PWM.
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PWM — 2 — To kOKAwpQ

A
5V 10KQ
§ 220Q

Arduino !3
A0 § 10KQ §

Képta
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|
L
)
L

=
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PWM — 2 — To kOKAwpQ
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PWM — 2 — Aoyiko Alaypappo

Axioa AQ EIXOAOX
Axioa 9 EZE0AOX
ATABAXE AKIAA AQ
I[TPOXAPMOZE THN XE PWM

I'PAYE XE AKIAA 9
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PWM -2 — Coding

int analogValue = 0; //Twn and tnv avaloyikn eicodo
int pwmValue = 0; //Twn ywa to PWM
int analogPin =0; //Ovépaoe akida A0 analogPin
int ledPin=09; //Ovéuaoe akida 9 ledPin
void setup() //Zuvdptnon apyikomoinong
{
pinMode( ledPin, OUTPUT); //Kave tnv akiba 9 £€obo
}
void loop() //K0OpLoc Bpdxog
{
analogValue = analogRead(analogPin); //Avayvwon amoé tnv avaAoyLKn)
//eloobo (motevolopeTpo)
pwmValue = map(analogValue,0,1023,0,255); //Npooappoyn KAipakog
analogWrite(ledPin,pwmValue); //0bnynon LED
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Edappoyec pe PWM -3
Na dnuioupynBel €va kUkAwpa mou Ba xpnowuorotel Arduino kat Wiring C kat Ba avéopelwvel TNV

dwtewvotnta evoc LED dnuovpywvrtog fading:

A) amo 0 ewc 255
B) pe kaBoplopod TNS LEYLOTNC TIAC Ao TNV TLU EVOC TTOTEVOLOLETPOU.
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PWM - 3 - Coding

int analogValue = 0;
int pwmValue = 0;
int analogPin =0;

int ledPin = 9; // LED connected to digital pin 9
void setup() {
// nothing happens in setup
}
void loop() {

analogValue = analogRead(analogPin);
pwmValue = map(analogValue,0,1023,0,255);
// fade in from min to pwmValue in increments of 5 points:
for (int fadeValue = 0 ; fadeValue <= pwmValue; fadeValue +=5) {
// sets the value (range from 0 to pwmValue):
analogWrite(ledPin, fadeValue);
// wait for 30 milliseconds to see the dimming effect

delay(30);}
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Avixveuon eEwtepkwv cupBavtwyv pecw drakornwv (Ext. Interrupts)

H texvikil twv OloKOTWwY €XEL €CALPETIK onpaolo pac Kol MECW QUTAC vivetal opBn Saxelplon
eEWTEPLKWY YyeEYOVOTWY. EoTw Aoutov OtL n epapuoyr] €AEYXEL ULl ypapun mapaywync. Mo Adyouc
aodalelac, o xpnotnc Ba mpeEmeL var €xeL TN duvatoTnTa Vo oTapatnoel akaplala tn dtadkaoia. Auto
TIPOKTLKA onuolvel OTL TO CUOTNUA, €KTOC TWV AAAWY, Ba MPEMEL val aviyveVEL KAl TNV KATAOTACN TOU
KOUUTILOU. Xwp(C TNV TEXVLIKA TwV dlakomwy, Ba uAomotouvtayv oL akoAouBec AVOELC:

1. JuveXNC €AeyxoC TOU KOUWUTILOU. AUTH n TIPOCEYYLON €XEL TO HELOVEKTNUO OTL TOo ocvotnua & Ba
LLmopoU e va EKTEAEOEL TIMOTE AAAO TTAPA LOVO QUTO TOV EAEYYO.

2. 'EAeyxoc tou Koupmou og dltadopa onueia tou kwoka. Akopa KoL vt n Avon Ba Asttoupyel povo
OTAV TO TATNMA TOU KOUUTILOU B TAUTICETOL XPOVLIKA [LE TNV EKTEAECN TOU KWOLKA EAEYXOU.

Enopevwe, xpetaletal pLa evieAwc SLadopeTikr) mpoaoeyyLon. Me tTnv TeEXVIKA Twv Slakomnwy, otayv cupfel
KATOLo yeyovoc (Ty., EadVIKO TATNUA KOUUTILOU), N POr EKTEAEONC TOU TIPOYPAUUATOC SLAKOTTETAL OF
OTIOlO onMElo Kal av PploKETAL TPOKELLEVOU va evEpyoTolnBel Karmola cuvaptnon mou elval umevBuvn
yla TNV €€umnpEeTNON Tou cupPavtoc.
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Avixveuon eEwtepkwv cupBavtwyv pecw drakornwv (Ext. Interrupts)

: 1 - i ( , Ymopovtiva [ Kupimg
Optougvm PndLakot OLK’pO5EKT€C Tou Arduino U?‘[OOTr]pLZOU\I/ TNV H;f':;zfpfm Bomaptmonc ] Toomanas
TEXVIKN Twv Olokomwyv (Interrupts). 2e aMeg €kdOOELG Baxonils ] (covéxere.) |

4 14 14 14 14 4 t
uTtooTtnPLleETAL ATTO ALYyOTEPOUC I KOL TIEPLOCOTEPOUC AKPODEKTEC 1 1
/ / E&mtepixd copPav Emotpoen oto
auTn N TeEXVLKN. (S1axomn KHpLov KOPLO TPOYPULLLG,
TPOYPAPUUATOC) (oTo onpeio mov
O1eKomn)
H avixyvevon ocupPavtoc ylvetal pE TOV €AEYXO TNC OTABUNC
14 /4 /4 /4 /4 Memory
ONUATOC OE €vav N TEPLOCOTEPOUC QAKPOOEKTEC TIOU (16 biteat onch addrss) | 290reSS
urtootnpPl{ouv QUTH TNV TEXVLKN. [ Inteerupt Vector (INT0) -
Interrupt Vector Table
0x0032
H ékSoon UNO umootnpilel TNV TEXVIK TwV SLAKOTIWY OTOUC Your program or0034
akpoOEKTEG 2 Kal 3, oL omoiol oe emimedo MPOYPAUUATOC Normal program execution

avtiotolyouv otlc dtakomec O kat 1. Auto mou Ba mpéEmneLl va /

KAVEL O TIPOYPALLUATIOTAC €lval va. avTloTtolXlogL TN ouvaptnon

(umopoutiva) géuntnpetnong tng dwakomnc (ISR) n omola Ba /

ekteAeital kabBe dopa mou Ba avixyveveTal OLAKOMN OE €vav || ntermupt Service Routine
OLKPO6é KTn. To oxAua delyveL TNV EKTEAECN TOU KUPLOU TIPOYPAULATOG KAL TTIWG
QUTH SLAKOTITETAL YLA VO EKTEAECTEL N cLUVAPTNON EEUTINPETNONCG
NG SLAKOTAC. Boot flash section

Ox3FFF
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Avixveuon eEwtepkwv cupBavtwyv pecw drakornwv (Ext. Interrupts)

H evtoAn mou Ba mpémnel va tonobetnBel otn ouvaptnon setup() cuvtaooeTal WG €ENC:

attachinterrupt(int_no, function_name/ISR, mode)
OToU:
int_no:oaplBuoc tng dtakomnc (0 1) INT.0 (PIN2)  INT.2(PIN3) yia tnv €ékdoon UNO.

function_name/ISR : To dvopa ¢ cuvaptnong (umopouTtivac) e€umnpetnong T Stakomnc mou Ba KaAeital
otav Ba mpokUPeL To cupPAV.

mode : 0 Tpomocg evepyormoinong tng SLAKOMNAC:
 LOW: otav to onpa eivat LOW,
*  CHANGE : og aAAayn orpatog,
* RISING : o€ petafaon onuatoc ano xaunAn oe uPnAn otadun,
*  FALLING : og petafaon onuatoc ano uPnAn oe xaunAn otabun.

Oa TpeMeL 0w VA TOVIOTEL Eava OTL To €EWTEPLKO cuPBav pmopel va mpokUPEL OTTOLAOATIOTE OTLYUN, EVW TO
KUPLWC TIpOypa Lo SLAKOTITETOL (OTOV AUECWC EMOUEVO KUKAO poAoyLloU) o€ OmoLo onpelo kal va Bploketal

N por EKTEAEONC. —
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External Interrupts

Table 11-1. Reset and Interrupt Vectors in ATmega328P

Vector No. | Program Address | Source Interrupt Definition

1 0x0000 RESET E;(:teg;alr é):; t power-on reset, brown-out reset and watchdog
2 0x002 INTO External interrupt request 0
3) 0x0004 INT1 External interrupt request 1 o0 8 pcint13-{TADES 1 SCl:]
4 0x0006 PCINTO Pin change interrupt request 0 &® = PCINT12 ADCA SDA |
5 0x0008 PCINT1 Pin change interrupt request 1 AREF @ AREF
6 0x000A PCINT2 Pin change interrupt request 2 B D@ ~ -
7 0x000C WDT Watchdog time-out interrupt ® : ! SCINTS T
o B . : PCINTA ;
8 0x000E TIMERZ2 COMPA Timer/Counter2 compare match A @) o o > @ OC2A * PCINT3 M
9 0x0010 TIMERZ COMPB Timer/Counter2 compare match B : a B 3 08 0C18 i PCINT2
" ' a B OC1A m PCINT
10 0x0012 TIMERZ2 OVF Tfmer!Counter2 overflow _— s . E e \ CLKO 3 PCIM; ) i)
e el : . ha_ e
X imer/Counter1 compare ma . - ! 1 ¢ \
13 0x0018 TIMER1 COMPB Timer/Counter1 compare match B : : : %:%;:ﬂ— aces
14 0x001A TIMER1 OVF Timer/Counter1 overflow a b} A8 { T8 HPCINT20; XCK |
15 0x001C TIMERO COMPA | Timer/Counter0 compare match A . n = INT1HPCINT29-{IPRMI- OC28 |
- s ) K = INT@ HPCINT18|
16 0x001E TIMERO COMPB Timer/Counter0 compare match B i o ® T TX0 ‘PC!NT"' 33
17 0x0020 TIMERO OVF Timer/Counter0 overflow Ll " ® PO @ 4 RXD +PCINTI6——i RX
18 0x0022 SPI, STC SPI serial transfer complete
19 0x0024 USART, RX USART Rx complete
20 0x0026 USART, UDRE USART, data register empty
21 0x0028 USART, TX USART, Tx complete
22 0x002A ADC ADC conversion complete
23 0x002C EE READY EEPROM ready
24 0Ox0D02E ANALOG COMP Analog comparator
25 0x0030 T™WI 2-wire serial interface
26 0x0032 SPM READY Store program memory ready




Avixveuon eEwteplkwv cupBavtwyv pecw drakornwv (Interrupts)

‘Otav ypadoupe Interrupt Service Routines (ISR) mpooeyou e ta €NC:

Mavta va eival cuvtopec Slepyaoiec / poutivec.
Moté va pnv xpnowomnoloupe kabuotepnoelg / delays.

Mot€ va pnv xpnotwuomoloupe Serial.Print

> w nhoe

Mavta ot petaBAnteg va opilovral wg volatile (ot petaBAntec volatile amobnkevovtatl otn RAM

Kot e€aodpaliletal otL elval Stabeoipec petaéy Tng ISR Kol Tou KUPpLwC PoyPAUMATOC).
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Interrupts — 1

Noa dnpovpynBel eva kUKAwpa mou Ba xpnotwuormotet Arduino, Wiring C kat Interrupts mou Ba aAAQleL TNV
kataotaon tou LED oto PIN13 pe tnv kKAnon tn¢ dtakomnc amno eva button oto INT.O (PIN2).
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Interrupts — 1

const byte ledPin = 13;
const byte interruptPin = 2;

volatile byte state = LOW; //state variable must be volatile with interrupts
void setup() {
pinMode(ledPin, OUTPUT);
pinMode(interruptPin, INPUT_PULLUP); // Pull-up ON
attachinterrupt(digitalPinTolnterrupt(interruptPin), blink, CHANGE);  // PIN2=INT.0
}
void loop() {
digitalWrite(ledPin, state);
}
void blink() { //ISR function
state = Istate;
}

https://www.arduino.cc/reference/en/language

ﬁ&:iaES L b /functions/external-interrupts/attachinterrupt/
d



https://www.arduino.cc/reference/en/language/functions/external-interrupts/attachinterrupt/
https://www.arduino.cc/reference/en/language/functions/external-interrupts/attachinterrupt/

Interrupts — 2

Na SnuoupynBel eva kUKkAwpa ov Ba xpnotwuornotlel Arduino, Wiring C kat Interrupts mou Ba aAAa&leL Tnv
kataotaon tou LED oto PIN13 pe tnv kAnon dtakonwyv ano 6Vo button INT.0 (PIN2) to pnAe (va to avapel)
kot INT.1 (PIN3) to koOkkwvo (va Tto ofryvel). H MCU mnpenel va Pploketal o€ katdotaon XoUnAng
KatavaAwonc Loxvoc.

Rx @ Arduino”

== R 7 G 8 P
! DIG (PUM=~) & &
- %
TX
1
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Interrupts — 2

#finclude <LowPower.h> //Contributed library for Low Power
const byte ledPin = 13;

const byte interruptPin2 = 2;

const byte interruptPin3 = 3;

void setup() {
pinMode(ledPin, OUTPUT);
pinMode(interruptPin2, INPUT_PULLUP);
pinMode(interruptPin3, INPUT_PULLUP);
attachinterrupt(digitalPinTolnterrupt(interruptPin2), turnLEDon, CHANGE);
attachinterrupt(digitalPinTolnterrupt(interruptPin3), turnLEDoff, CHANGE);}

void loop() {
LowPower.powerDown(SLEEP_FOREVER, ADC_OFF, BOD_OFF); } // MCU sleeps until Interrupt comes

void turnLEDon() {
digitalWrite(ledPin,HIGH);}

void turnLEDoff() {
digitalWrite(ledPin,LOW);}
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Interrupts — 2
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&9 sketch_apr24a | Arduine 18,12 - m] ®
File Edit Sketch Tools Help

Contributed Libraries for Arduino ﬁ votycorie ot

Upload Using Programmer  Ctrl+Shift+U
vold =g Export compiled Binary Ctrl+Alt+5
/P
1. 2uvnBwc elval oe .zip apyela Kol TPEMEL va TIC } e Ly ‘
, woid 19 e LT ibrary...
7-[pO(jGECJOlJ |"l'8 GTO I D E . // put your main code here, to run repeat Add ZIP Library

Sketch>Include Library>Add .ZIP Library

2. H BBAoBrkn Bploketal oe kamowo github ) tnv €xoupe

SHLLLOUPYAGEL ELELC KAL TNV EMUVEVOULLE QTS EKELTIOU £lygy Lo sstovurtbraes Chasi s wa mans

armoBnkevpEvn otov Oloko pac. Av Oev UTAPYXEL KATIOLO Contributed [braries
, , , , Low-Power
npoBAnua n BLPALOBAKN eykabloTtaTal Kavovika. oD
3. TeEAog, yla va TNV €loayoupe oto sketch Ba mpemel va  sketch api2da | Arcino 1812
’ ’ ’ /i File Edit Sketch Toocls Help
v emeéoupe amo TIC OwabBeoluec BpAoBnkec otnv
Alota.
Sketch>Include Library>Low-Power
’ ’ ’ ’ vold setup() {
Kat Ba doupe to .h apyelo otov KWOLKA pac. 11 e yeue seeup code nesz, %o xun cnce:
}
4. Td)pa U.T[OpOL,)U.E Va Ka}\otl) ME -[l,q Mee(l)éouq Méoa OTOV vcj:a:"l ::;P;{'g:u]{f main code here, to run repeatedly:

kwoLlka Kal cupdwva pe ta lib specs. }

%\giHES La b https://github.com/rocketscream/Low-Power
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asm —inline Assembly — Arduino IDE .

File Edit Sketch Tools Help

+ “Eva inline assembly statement eiva a cupohoocipdans [

Ll

XAPOKTNPEC (string) mou opllouv evtoAeéc/kwdika assembly. R
 Auti n oupPolooElpd UIMOPEL va TIEPLEXEL OOEC EVTOAEC st et 1
(instructions) avayvwpilovtat amd tov assembler ka st e
bevdoevtoAec (directives). f“’:n
* O GCC compiler 6ev avaluel (parse) TIG €VIOAEG TOU i“"’n
assembler kat dev yvwpllel tn AeLtoupyia Toug Kat av eival i:
OWOTEC. =
* ToMEg evtohéc assembly pmopouv va tomoBetnBolv oe e v

Lo Lovo asm dnAwon.
e KaBe inline asm 6nAwon mepParietal amo mapevOEOELC
Kal akoAouBel to compiler keyword: asm 1 asm__
e KaBe evtoAn assembly mepPAANETAL ATTO SUTAQ ELOAYWYLIKA
“code \n” kal tepuatilel pe tov yapaktipa AAAAYAC
vpoung, “\An“ n “\n\t” ywa tnv popdomnoinon tou Kwodlka.
Mo mapadeypa:

asm( “code \n”); %&:iHES La b




asm — inline Assembly — Blinking LED13

void setup() {
asm("sbi 0x04,5");} // 6nAwon tou PIN13 w¢ €€060, DDRB5=1
asm("rjmp start"); //uetaBacn otnv B€on .org Tou code segment
void loop() {
asm("start:"); //apxn Tou code segment
asm("clr r16 \n\t clr r17"); //undeviopnog kataxwpntwy r16 kol ri7
asm("sbi 0x05,5"); //opilel PORTB5=1
asm("ldi r18, 5"); //doptwvel Imm 5 otov ri8
asm("rcall delay"); //xkA\non delay
asm("cbi 0x05,5"); //opilel PORTB5=0
asm("ldi r18, 5"); //doptwvel Imm 5 otov ri8
asm("rcall delay"); //xkA\non delay
asm("rjmp start"); //enavekkivnon tou kwdika arnd to start
asm("delay:"); //apxn poutivag kaBuatépnong delay
asm("decr16"); //uEwWwVEL Katd éva tov rle
asm("brne delay"); //xavel Stakhadwor) av Z=0
asm("decr17"); //uewwvVeL katd éva tov rl7
asm("brne delay"); //xavel Stakhadwor) av Z=0
asm("decr18"); //uElwVEL Katd éva tov rl8
asm("brne delay"); //kaveL SLakhddwon oto delay péxpt o r18 va pundevioel
asm("ret"); // eruoTpédel amd TV uMopouTiva 0TO KUPILWE LEPOC TOU TPOYPAUUATOG.

} 2 ' Ldb




asm —inline Assembly — NpdcBeon duvo aplBuwv

volatile byte a=0; //6nAwon tng puetoPANTAC a KaL amoBrikevor T otnv SRAM
void setup() {
Serial.begin(9600); //evepyomnolnon tn¢ OEWLAKAC
asm("rjmp start"); //uetaBaon otnv B€on .org Tou code segment
}
void loop() {
asm("start:"); //apxn tou code segment
asm("ldi r16, 0x30"); //ddptwon tne twurg S30 otov kataxwpnth rié6
asm("incrl16"); //avénon katd €va TnG TLUC Tou rl6
asm("ldir17, Ox1"); //dopTwon tne Tic S1 otov kataxwpntr r17
asm("add r17, r16"); //mp6oBeon tou r17 pe tov ri16 kat anobrkeuon otov r17
asm("sts (a), r17"); //amevBeiag amobrikevon Twv dedopévwy tou r17 otn SRAM B€on pvApng a
Serial.print(a, BIN); //ektuniwon serial monitor tn¢ a o€ bin, dec kat hex

Serial.print(" - ");
Serial.print(a, DEC);
Serial.print(" - ");
Serial.printIn(a, HEX);

} A https://www.sciencebuddies.org/science-fair-
4%<FES Lab
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https://www.sciencebuddies.org/science-fair-projects/references/ascii-table
https://www.sciencebuddies.org/science-fair-projects/references/ascii-table

Xpnowot Zuvdeopol

To Aoyloutko Arduino IDE elval dlaBeoipo otov Lotoxwpo:
https://www.arduino.cc/en/Main/Software

H yAwooa mpoypapUATIOUOU Kol OL EVTOAEC TToU urtootnpilel elval dloBeoipec oto:
https://www.arduino.cc/reference/en/

[l TNV VAoToinon oxeblwv eival SLaBECLUO TO AVOLXTO AOYLOULKO:
https://www.electroschematics.com/fritzing-software-download/
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https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/reference/en/
https://www.electroschematics.com/fritzing-software-download/

Avadopec — References

*  “Opyavwon kat 2xedlaon YmoAoywotwv”’, Moyapidnc Anuntplog, AIZIFTMA, 2019.

e  “Evowpatwpeva cvotipota: O abeatog Pndlakog koopoc”, Aacuyevnc Mnvag, 2ouvtpng AnUnTeLog,
KAAAITO?.

*  “Microprocessor Theory and Applications with 68000/68020 and Pentium”, M. RAFIQUZZAMAN, WILEY,
2008.

e SEE 3223: Microprocessors - Department of Control and Mechatronic Engineering (CMED), Faculty of
Electrical Engineering, Universiti Teknologi Malaysia.

e (CSULB—EE346 — Course “Microprocessor Principles and Applications”.

* Motorola Microcontrollers.

* Microchip/Atmel AVR.

e Sparkfun.
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