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Digital Ground
Digital 1/0 Pins (2-13)
]

Serial Qut (TX)
Serial In (RX)

Analog Reference Pin

USB Plug ——
Reset Button

In-Circuit
Serial Programmer

ATmega328
Microcontroller

External Power Supply

------

Reset Pin
3.3 Volt Power Pin

5 VoIt Power Pin

Analog In
Pins (0-5)
Voltage In
Ground Pins

Microcontroller: ATMega328P

(http://www.atmel.com/devices/atmega328p.aspx?tab=documents)

E€wtepikn tpododooia 7-12V
Wnolakég elcodot/E€odol 14
Yrootriptén PWM 6 ano 1 14
Avaloyikég eloodol 6

Méyloto pelpa yia kabe 1/0 40 mA
Méyioto pevpa yla ta 3.3 V 50 mA
MvAun ripoypappoatog (Flash) 32 KB (0.5 KB bootloader)
Mvrun 6edopévwy (SRAM) 2 KB

Mvrjun EEPROM 1 KB

PoAot 16 MHz
Yrootnpulopeva MpwTOKoAAQ UART, SPI, 12C

*  AwaBtel to ATMegalbU2 ocav petatponéa USB-to-serial, yia
ouvéeon pe umoAoyloty. Mmopel va AeltoupynoeL HE TNV
tpododocia Tou USB yla pevpa €wg 500 mA.

* Evowpatwvel éva LED to omolo sivat cuvdedepévo e To pin 13.

* AwaBétel tnv eloodo AREF péow tng omolag pmopel va 600¢ei
e€wtepikn taon avadopag otov eVvowpatwuévo A/D.

e AwaBetel éva mAnktpo RESET.

* AwaBetel Svo LED (RX kat TX) ta omoia avapoofrivouv otav
UTIAPXEL ETILKOWVWVIA E TOV UTIOAOYLOTH HEow USB.
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sketch_aug02a | Arduino 1.6.10%

File Edit Sketch Tocls Help

sketch_augla

vold setupl(l {

S/ put your setup code here, to run once:

'

wvold loop() {

S put your main code here, to run repeatedlwy:

Code Editor

Arduino

o Upo or COME

Serial monitor

Compile

Upload to board

New sketch

Open existing sketch

Save sketch

https://www.arduino.cc/en/Main/Software (version 1.6.10)
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Eg sketch_aug03a | Arduino 1.6.10 - O

£

File Edit Sketch Tools Help

sketch_augl3a g

#include <library name, hs ~

vold setup() {

/¢ put your setup code here, to run once: * H ouvaptnon setup() kaAeitor kata TNV €vapén TOU
\ TPOYPAUUATOC ) LETA amod Reset kal ekteAeital povo uia popa.

Xpnolpomoleital yla tnv apxlkomoinon twv petafAntwv, tng

vord Loopi) AELTOUPYLKATNTOC TWV XPNOLUOTIOLOUEVWY Pins, KATL.

4 put vour main code here, to run repeatedly:

H ocuvdaptnon loop() ekteAeitatl peta tnv setup() kot eivatl to
KUPLwC IpOypapUa TTOU EKTEAEITOL CUVEXWC.

1 Arduine/Zenuing Mega or Mega 2560, ATmega2s60 (Maga 25607 on COM3



(8

Blink | Arduino 1.6.10 =
File Edit Sketch Tocls Help

Blink §

A4 the zetup function runs once when ¥ou press reset or power the board
vold setup()l {

47 dlnitialize digital pin 13 as an output.

pintlode (13, OUTPUT)

A4 the loop function runs owver and over again forewver
void loop() |
digitalWrite(l3, HIGH): F¢é turn the LED on (HIGH is the woltage lewel)

delay (1000} ; A4 wait for a second
digitalWrice (13, LOW): /¢ turn the LED off by making the woltage LOW
delay (1000 ; A4 wait for a second

uino Uno on COMEG

int led=13;

void setup() {
pinMode(led,OUTPUT)

}

const int led=13; //read-only variable

void setup() {
pinMode(led,OUTPUT)

}

define led 13

void setup() {
pinMode(led,OUTPUT)

}




AoKnon

Na ypadtel npoypappa to onoio va kavet blink to led 13 10 ¢popég kau peta va to adrivel ofnoto.
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Structure
void setup() v

Control Structures

ARDUINO CHEAT SHEET V.02C

Mostly taken from the extended reference:
http:/farduino.cc/en/Reference/Extended

-

Flazh (2k for

AT 168 |ATM 320 |ATI 1200

16k8 32 1288

SHAM 1kB ZhB BkE
[EEFROM 5128 1HE kB

.

if(x=5){ }jelse| | Gavin Smith — Robots and Dinosaurs, The Sydney Hackspace ~ T N
switch :r.n_\'\':lrj [ N;nmn'r‘ﬁ:luf
c:ﬁ;l“_ Constanis ™ ( External Inn.\l'rupr-. ) \1 it [’;a:::«":‘?im F—
case 2 LIGH | LOW static // persists between calls attschintesvapt{iterrupt, funetion, 0-RAX1 1-TX1
break: INPUT | GUTPUT volatile  // use RAM (nice for ISR) [T‘UW.CHANGE.FTSTNG,‘FAI.I.TNG]] - }g E;g :g : I;g
d(‘l.'aull:' tru¢ | false const /[ make read-only E’cm"'h'“te“'“pt['"[em‘p“ |Serat Pins. [1- 1% 15 - A4 14- TX4
| 143 // Decimal number PROGMEM // use Nash interruptsi ) 2. (I 0) 2.3.21,20,18.18
for (int i=0; i <= 253 i—){ m73 4 Oﬂnl.l.'mmber \_ nolnterrupts( ) J Ext Intermupts :é(_n%:gem (IRCH- IRDS)
while (x<5){ } 0611011111 /Bizary Digital VO Y C Libraries: ) [0 Timer
do{ } while (x<5), 0x713 // Hex number pinMode{pin, [INFUT,OUTPUT]) P Serial < PWM pins :‘i;JI_ls-;;lnerz 015
continue; //Go to next in do/for/while leop 701/ Force nsigned digitalWrite(pin, value) S ; 11- MOSH 51 - MOSI
return r‘return;” for voids. // Foree long ) int digitalRead(pin) _b_"‘ﬂ'“[l"_?o' |ﬂ_nn_ 2400, 4800, 9600, 12-MISO MISO
idered harmful :-) orce I"“S ”“s'g_'“’d /MWrite High 1o inputs to use pull-up res 14400, 19200, 28800, 38400, 57600, SP1 :\‘:;ECK Ty
‘orces foating point - 115200]) 04
Analog /O Y end(}
Further Syntax analogReference(| DEFAULT INTERNA int available() =
/7 (single line comment) Data Types L.EXTERNALYJ) it read() )
/% (multi-line comment) */ voiid int analogRead{pin) //Call twice if ““th i oo
#define DOZEN 12 //Not baker's! boolean (0, 1, false, true) switching pins from high Z source, print() Pt i
#include <avr/pgmspace b= char (eg ‘a’ 12810 127) analogW rite{ pin, value) // PWM P“_ﬂﬂ"H Sy
unsigned char (0 to 255) b Jritel) . o3
N N ~ byte (01to235) 4 Advanced /0 N EEPROM (#include <EEPROM h=)
('.ﬂm 8l Operatory int  (-32,768 10 32,767) tone(pin, freghz) byte read(intAddr)
- ({':;:ﬁ‘::::';" “p‘:m‘f:;:mac“om unsigned int (() to 63533) tone( pin, freghz duration_ms) write{intAddr,myByte)
* (multiplication) / (division) ;:nl (Ot b”)ii?;-tﬁ“ 648 I'Il}:rol'lﬂplll'll‘ . oaoan F/ Servo (#include =Servo.h=}) )
%% (modulo) g t_‘— 483,048 to shiftOut{ dataPin, Lli\f_‘l.xpll'l, attach(pin, [min uS, max uS])
== (equal to) !=(not equal to} . 21 4?'4R3'6.;”} - [MSHFIRST‘[ 'SRFIRST_]‘ value) i write{angle) // 0-180
< (less than) > (geater tham) ;::If““l lf;j‘jﬂf](g;;;:-s—gff:?(;-%] L unsigned long pulseln{pin, [HIGH,LOW]) “‘r_ileﬂjﬁcrl_:vsecc_mdsluS) 1/1000-2000,
<= (less than or equal 1o) 3.-'II028-2;5‘]._'1*38] - = N 1500 is midpaoint
== {greater than or equal (o) double (currently same as float) k Time - o read() n-lgn
&& (and) | (or) ! (not) . T i unsigned long millis() /50 dayvs overflow. attached( } /Returns boolean
sizeof{myint) // returns 2 bytes unsigned long micros() // 70 min overflow \_ detach() y »
delay(ms) f—— e From
Pointer Access ) Strings L delayMicroseconds{us) 4 SoftwareSeriall RxPin, IxPin) N[ oios pe i Arduing.CC
& referenoe operator char SI[15]; /7 #include=<SoftwareSerial h> oo '
* derelerence operator char $2[8]-{'4’, o'); (" Math A begin(longSpeed) // up to 9600
char S3[B]={a’,'r.’d’'u’ v ' o W0 ), min(x,y) max(x,y)  abs{x) Ch?r read(} # blocks ,I"“' data
e ~N //neluded 0 null termination constrain(x, minval, maxval } \_ print{myData) or printn(myData)
Bitwise Operators char S4[ ] = "arduino”; map(val, fromL, fromH, oL, 1oH) 7~ Wire (¢include “Wire h=1 / For 12C
& (bitwise and) | (bitwise or) char $3[8] = "arduino”; pow(base, exponent) sqrt(x) ;:::II{TC s IJT:iIl"Il.I.’IIa:t;r g
*(bitwise xor) ~ (bitwise not <har S oo i " ”
c;<{: (batshift Ic:'l] [:>:é (hushlll}righﬂ char 56|15 = "arduino”; \ iin(rad) _cos(rad) tan(rad) begin{addr) // Join as slave @ addr
Arrays [ RadomNembers W e ep 1
Compound Operators N int mylnts[6]: T"?dfa'"?ﬁﬁsﬁm; Long or int send(mybyte) /i Step 2
“+ (increment)  -- (decrement) int myPins[] = {2, 4, 8,3, 6}: I:;;:b m:d:m ;“;? il send(char * mystring)
= {compound addition) int mySensVals[6] = {2,4,-8,3,2}); \y i (min, ma send(byte * data, size)
== (compound subtraction) ;" Bits and Bytes ™ end Transmission( ) il Step 3
#= (compound multiplication) Conversion lowByte(} ) highByte() byte available() // Num of bytes
zlﬁ (&;nm[’nund :I:fisig_mj . char{) byte() bitRead(x bitn)  bitWrite(x hitn bit} b_\'l; lmivﬁ)ﬁclurn next byte
compound bitwise and) int() word itSet(x.bi “°C i onReceive(handler) . -
= {compound bitwise or) kut:gn t'lmmgj1 L ::::]:,21\} bl]:\ti] [}_If";(rgk:a;ﬁ = \_ onRequest(handlcr) J\. AL o bl T 3
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Data types

short —

uintle_t _—¥

word

uint8_t <«—>»

Mumeric types
int

unsigned int
long

unsigned
long

float

double
boolean

char

byte
Other types
String
void

Bytes

Pt

1
Use

Range
—32768 to 32767
0to 65535

-2147483648 to
2147483647

4294967295

1.4028235E+38 to -

140282356418
Same as float

false (0) ortrue (1)

-128t0 127

0to 255

Use

Represents positive and negative integer values.

Represents only positive values; otherwise, similar to int.
Represents a very large range of positive and negative values.

Represents a very large range of positive values.

Represents numbers with fractions; use to approximate real-
world measurements.

In Arduing, double is just another name for float.
Represents true and false values.

Represents a single character. Can also represent a signed value
between —128 and 127.

Similar to char, but for unsigned values.

Represents amrays of chars (characters) typically used to contain text.

Used only in function declarztions where no value is retumed.

https://www.arduino.cc/en/Reference/HomePage

12



MNapadeiypaTa

int
int

o
Y.

float z;

[ =
1

1;
x /2 :

(float)x / 2.0; ff{ z now contains .5 (you have to use 2.0,

ff vy now contains @, ints can't hold fractions

=

not 2)

int inputPins[] = {2,3,4,5}; // create an array of pins for switch inputs

int ledPins[] = {10,11,12,13}; /[ create array of output pins for LEDs

void setup()

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

pinMode(ledPins[index], OUTPUT); // declare LED as output
pinMode (inputPins|index], INPUT); // declare pushbutton as input
char myChar =
char myChar = 65; f{ both are equivalent
char Stxl[15];
char Stx2[8] = {'a', 'x', 'd", "u', '1', 'n", 'o'};
char Stx3[8] = {'a', 'x', 'd", "u', '1', 'n’ "o "D}
char Stx4[ ] = "arduino";
char S5trx5[8] = "arduino";
char Stx6[15] = "axrduino";

Zuvaptnoelg yia character strings
strlen(string)
strcpy(destination, source)
strncpy(destination, source, 6)
strcat(destination, source)
strcmp(str, "Arduino")

13



2UVOPTAOEIG TNS KAAoNng String

char oldString|]
String newString

"I want this character array in a String object"”;
oldString;

charht(n)
compareTo(52)
concat(52)
endsWith(52)
equals(5z)
equalsIgnoreCase(52)
getBytes (buffer,len)
index0f(5)
lastIndex(f(5)
length()
replace(A,B)
setCharAt(index,c)
startsWith(52)
substring(index)
substring(index,to)

toCharArray(buffer,len)

tolInt()
tolowerCase()

tolpperCase()
trim()

Retums the nth character of the String

Compares the String to the given String 52

Retums a new String that is the combination of the String and 52

Retums true if the String ends with the characters of 52

Retums trueif the String is an exact match for 52 {case-sensitive]

Same 25 equals but is not case-sensitive

Copies 1en(gth) characters into the supplied byte buffer

Returns the index of the supplied String (or character) or—11if not found

Same 25 index0f but starts from the end of the String

Retums the number of characters in the String

Replaces all instances of String (or character) A with B

Stores the character cin the String at the given index

Retumns true if the String starts with the characters of 52

Retumns a String with the characters starting from index to the end of the String
Same 25 above, but the substring ends at the character location before the ‘to” position
Copies up 0 1en characters of the String to the supplied buffer

Retums the integer value of the numeric digits in the String

Retums a String with all characters converted to lowercase

Retums a String with all characters converted to uppercase

Retums a String with all leading and trailing whitespace removed

14




NMapadeiypaTa

number = string

String str = String(13) - str=“13"
String str = String(13,HEX) = str="D"
String str = String(13,BIN) - str="1101"

number = string
int valuel = 13;
long value2 = 1234;
char buffer1[7];
char buffer2[12];
itoa(valuel,buffer1,10);
itoa(value2,buffer2,10);

Compare strings
char stringl[] = ‘1234/;
char string2[] = ‘4567’;
if(strcmp(stringl,string2) == 0) {

string 2 number
char str[]="13";
int var=atoi(str);

string 2 number
String str1="1234";
int var=strl.tolnt();

}

Operator  Example Equivalent expression

4= value &= 5; value = value + 5; // add 5 to value

-= value -= 4; value = value - 4; // subtract 4 from value

*= value *= 3; value = value * 3; // multiply value by 3

/= value /= 2; value = value / 2; // divide value by 2

3= value »»= 2; walue = value »» 2; [/ shift value right two places
4= value <<= 2; wvalue = value << 2; [/ shift value left two places
A= mask &= 2; mask = mask & 2; // binary-and mask with 2

|= mask |= 2; mask = mask | 2; // binary-or mask with 2
intx=6;

int result = x << 1; // 6 shifted left 1 is 12
int result = x >> 2; // 12 shifted right 2 is 3;

string 2 number
String str1="1234";
char str2[5];
strl.toCharArray(str2,5);
int var=atoi(str2);

int x = 258; // 258 is 0x102 in HEX
hiByte = highByte(x); // hiByte=01

loByte = lowByte(x); // loByte=02

x = word(hiByte,loByte); // x=258

15



constrain(x, min, max) > Emuotpédel Ty HeTafV min koL max

min(x,y)

max(x,y)

pow(x, y)

sqrt(x)

floor(x)

ceil(x)
sin(x)-cos(x)-tan(x)

random(max)
random(min,max)
randomSeed(1234)
bitSet(x, bitPosition)

bitClear(x, bitPosition)
bitRead(x, bitPosition)

- Emiotpédel TNV eAAXLOTN T METAEL X KAl y

- Emiotpédel TN PEYLOTN TN METAEY X KAl y

- Emtotpédel x¥

- Emotpédel TNV TETPAYWVLKH pila Tou X

- EMoTpEDEL TNV AKEPALOL TLUF TIOU Eival ULKPOTEPN TOU X

- Emotpédel TNV aképata TLUA TTOU €ival HEYOAUTEPN TOU X

- Huitovo-Zuvnuitovo-Edamntopévn Tng ywviag x o€ rad.
(x=degrees*PI1/180)

- Enotpédel tuxaia tipn amnod 0 €éwg max-1

- Enotpédel tuxaia T amoé min €éwg max-1

- Emavekkivel tnv Pevdotuyaia yevvntpla

bitWrite(x, bitPosition, value)
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Win = Vou, DROPOUT VOLTAGE (V)
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Figure 3. Dropout Voltage vs Temperature

LP2985 150-mA Low-noise Low-dropout Regulator — 3.3V
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Digital pin 0 = Rx (pin 2/RxD of uC)

Digital pin 1 = Tx (pin 3/TxD of uC)

Digital pin 2 2 General I/O (pin 4/PD2/INTO of uC)

Digital pin 3 2 General I/0 1 PWM (pin 5/PD3/INT1 of uC)
Digital pin 4 2 General I/O (pin 6/PD4/TO0 of uC)

Digital pin 5 2 General I/O 1 PWM (pin 11/PD5/T1 of uC)
Digital pin 6 = General I/O n PWM (pin 12/PD6/AINO of uC)
Digital pin 7 = General I/O (pin 13/PD7/AIN1 of uC)

Znueiwon: Ot evaAaktikol Tpomol Asttoupyiac twy digital pins paivovral oto data sheet, oeA. 88, Mivakag 13-9.

Digital pin 8 2 General I/O (pin 14/PBO/ICP of uC)

Digital pin 9 2 General I/O 1 PWM (pin 15/PB1/0C1 of uC)

Digital pin 10 = General I/O n PWM (pin 16/PB2/SS of uC)

Digital pin 11 = General I/0 1 PWM (pin 17/PB3/MOSI of uC)

Digital pin 12 = General I/O (pin 18/PB4/MISO of uC) :|» ICSP header
Digital pin 13 = General I/O (pin 19/PB5/SCK of uC)

Znueiwon: Ot evaAaktikol Tpomol Asttoupyiac twy digital pins paivovral oto data sheet, oeA. 82, Mivakag 13-3.



Analog pin 0 = General I/O 1} Analog in (pin 23/PCO/ADCO of uC)
Analog pin 1 = General I/O 1} Analog in (pin 24/PC1/ADC1 of uC)
Analog pin 2 = General I/0 1) Analog in (pin 25/PC2/ADC2 of uC)
Analog pin 3 = General I/0 1) Analog in (pin 26/PC3/ADC3 of uC)
Analog pin 4 = General I/0 1) Analog in (pin 27/PC4/ADC4 of uC)
Analog pin 5 = General I/0 1} Analog in (pin 28/PC5/ADCS5 of uC)

Znueiwon: Ol evaAlaktikol tpomol Asttoupyiag twy digital pins paivovrtal oto data sheet, oeA. 85, Mivakag 13-6.

AREF - pin 21/AREF of puC (E€wtepikn elcodoc avadopdc yia ¢ avaloykeg etcodouc. O A/D sivarn 10 bits pe eowtepikn
taon avadopdc 5 V. AnAadn petatpénel taoels ano 0 €éwg 5V og 0 €wg 1024 4 000h €wg 3FFh).

GND - pin 22/AGND of uC (AvaAoytkr yeiwaon).



ATmega168/328 Pin Mapping

Arduino function Arduino function
resal (PCINT14/RESET) PC5[C M ] PC5 (ADCS/SCL/PCINT13) analog input 5
digital pin 0 (RX) (PCINT18MRXD) PDO]2 271[] PC4 (ADC4/SDA/PCINT12) analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD1[Js 260 ] PC3 (ADC3/PCINT11) analog input 3
digital pin 2 (PCINT18/NTO) PD2[]s 2] PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (PWM) (PCINT19/0C2B/INT1) PD3[]5 2411 PC1 (ADC1/PCINTS) analog input 1
digital pin 4 (PCINT20/XCKITO) PD4 [Jo 2] PCO (ADCO/PCINTE) analog input 0
vCC vocOr 2] GND GND
GND GND [} 21 AREF analog ralerence
cryslal (PCINTE/XTALV/TOSC1) PBS[]e 200 AVCC VCC
cryslal (PCINTT/XTAL2/TOSC2) PBT [} w|[] PBS (SCK/PCINTS) digital pin 13
digital pin 5 (PWM)  (PCINT21/0C0B/T1) PDS [ 8] PB4 (MISO/PCINT4) digital pin 12
digital pin & (PWM) (PCINT22/0C0AJAING) PD6 12 7] PB3 (MOSIVOC2AMPCINTS) digital pin 11(PWM)
digital pin 7 (PCINT23/AIN1) PDT ]2 wf] PB2 (SS/OC1B/PCINT2)  digital pin 10 (PWM)
digital pin 8 (PCINTOACLKOACP1) PBO ]+ 150] PB1 (OC1APCINT1) digital pin 9 (PWM)

Dagital Pins 11,12 & 13 are wsad by the ISP haader for MISO,
MCSI SCK connactions (Amaga 168 pins 17,18 & 15). Avoid low-
impadance loads on thasa pins whan using the ICSP haadar
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T T TET
IR H

O OO O (F ICSP header (In-Circuit Serial Programming)

oh o0 ~WWwms ool e 5
(I} 1 A
£
DIGITAL (PWM~) E & 3.3u
JP3 T
HMIS0) MIE0 1 - ."‘: +5
S} stk |27 EH MOSL (OS]
DESFT RESETJ 5= =6 JGHD
ISF
GMD

A WWW . ARDUING.CC — MADE im LIALT

- e.g. Plug a programmer to flash the

bootloader (AVRISP mkil)
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Digital pins = umnopel va eivat HIGH r; LOW

O akpodéktng mou mpoypappatiletal cav INPUT pe tnv evioAr) pinMode() tiBstal o kataotaon uPnAng avtiotaonc.
Elval oav va umdpxel pia avtiotacn 100 Megohms pmnpootd amnd tov akpodéktn. O tpomog eival xpAoLlLog yla Tnv

avayvwon aeontipwv alAa dev xpnotlpomnoleitat yia tnv odryynon LED.

O akpodéktng mou mpoypappatiletat cov OUTPUT pe tnv evtoAn pinMode() napouaoialel xapunAn avtiotaon. Auto
onuaivel otL propel va SLoBEoel apKeTO pevupa yla va odnynostl aAAa KukKAwpata. Ot akpodEKTeg Tou Atmega Umopouv
va dwoouv (source) n va mapouv (sink) pevpa péxpt 40 mA. Emopévwg, pmopouv va odnynoouv LED aAla bev
XPNOLLOTIOLOUVTOL Yo TNV avayvwon atodntripwv. Ot akpoSEKTEG Tou Tpoypappatilovtal cav €€odoL pUmopouv va
Kataotpadouv edv cuvdeBouv otn yeiwon f tnv Taon. To mapandvw pevpa dev eivatl apketod yla tnv odnynon pelai n

HOTEP Kal yU' autov To Aoyo xpetalovtal eVOLAUESH KUKAWLOTO OE QUTEC TNG TEPLUTTWOELG.



SV

ov

5V

ov

5V

ov

S5V

ov

Pulse Width Modulation
0% Duty Cycle - analogWrite(0)

:

25% Duty Cycle - analogWrite(64)

L]

50% Duty

Cycle - analogWrite(127)

100% Duty Cycle - analogWrite(255)

Aewtoupyia twv digital pins cav €é€66wv PWM
(Pulse Width Modulation)

Ta Digital pins 3, 5, 6, 9, 10, 11 pnopouv va xpnotuonotn8ouv
yla 1t Aswtoupyia PWM, 6nAadny va kdavouv €€odo
TETPAYWVLKOUC TTAAMOUG pe peTaBAnto Duty Cycle. H evtoAn
HE TNV omola dnuioupyolpe PWM eival n analogWrite(pin,
value), omou value eivat pa T ano 0 €éwg 255. Eav n Twun
elvat 0, Tote n taon €€6dou eival pundevikn. Eav n tun eivat
255 10te n tdon €€060u sival +5 V, evw HE EVOLAUEDES TIUEG
€XOUUE TETPAYWVIKOUC TIAAROUC OTwG auTol amelkovilovtal
oTNV €lKOva. H ouxvotnta TwV TETPAYWVIKWY TTOARWY Elval

niepimou 500 Hz ko emopévwe n mepiodoc eival mepimou 2ms.
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Input
pinMode(pin,INPUT)

Output
pinMode(pin,OUTPUT)

AgiToupyia TWV Pn@IaOKWYV aKPOOEKTWYV

To digitalRead(pin) emmioTtpe@el HIGH €dv n tadon eilc06dou gival >=3V
kal LOW €av gival <=2 V.

Edv o akpodékTng eilcodou yivel HIGH pe to digitalWrite(pin,HIGH), n
eowtepikny pull-up avrtiotaon Twv 20 KQ evepyotroieital. ToTe,
dlaBadovTag autov Tov akpodEkTn ue digitalRead(pin) Ba emmOTPEWEI
HIGH ek16¢ eav yivetar LOW ammd 10 €CwTEPIKO KUKAwWMPA. AUTO
XPNOIMJOTTIOIEITAI VIO VO EXOUME KATIOIOV OKPOOEKTN OE YVWOTH
KATAoTAOoN Kal OXI OTOV Q€PQ.

To digitalWrite(pin,HIGH) Ba dwaoel £¢odo 5V kal Ba dwaoel peupa 40
mA (source).

To digitalWrite(pin,LOW) Ba dwoel £codo OV kal Ba Tpafrel peuua
40 mA (sink).
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Ta Analog pins Tou Arduino €ival 6 kal Trpoodlopidovral cav Analog 0 €wg 5. O1 avaloyikeég
€i00001 XPNOIKOTTOIoUVTAl KUPIWG YIa TNV avayvwon aiodntipwyv PJECW TwV 6 KavaAiwv Tou
Analog to Digital Converter (ADC). O ADC petatpérmrel tnv 1don €icodou (OV to 5V) ot
aképaioug atrd 0 €éwg 1023 (avaAuon 10 bits). H avayvwaon NG avaAoyikng €l0000uU YiveTal YE
Tn ouvdptnon analogRead(). H T1don avagopd¢ pubuiletal Pe T ouvaApPTNON

analogReference() wg €¢Nc:

 DEFAULT (+5V)
« INTERNAL (built-in 1.1V)
« EXTERNAL (Voltage to pin AREF)
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To TrepIBAAAOV avatrTuéne O1aBETel TNV 0B0VN OEIPIOKNG €TTIKOIVWVIOG (serial monitor) n oTtroia
artreikovifel TN ouvdeon Tou uTroAoyioTtry pe Tov Arduino Uno péow USB. O1 akpoOEKTEG TTOU
TTPAYMATOTIOIOUV TN OEIpIakn eTTikoIvwvia gival Ta pins 0 (RX) kai 1 (TX) Tng k&pTag. 'ET01, JTTOPOUNE
va Kavoupe €€0do otnv 00ovn tou utroloyioTh (xapaktipes ASCII) kal €icodo atrd Tov UTTOAOYIOTH
(xapaktipec ASCII). H trpo-TotroBeTnuévn TaXUTNTA OEIPIOKAG ETTIKOIVWVIAG gival 9600 bps.

H evepyoTtroinon Tng oEIpIOKAG ETTIKOIVWViIag oTov Arduino yiveral JE TNV EVTOAR:
Serial.begin(9600);

COM3 (Arduino/Genuino Mega or Mega 2560) = O

(8

Xapoaktrpeg e§650u and tov Arduino Send Eav &ev umdpxeL oelplokn €emikowvwvia epdaviletal To mopakATw
opaApa. T tn O6W0pBwon ToU OPAAUATOC TIPETEL va  EXOUV
eykataotabel oL owotol drivers, emAeyel N oCwWOTH KAPTA KOL N CWOTAH
osplakn Bupa enkovwviac.

avrdude; stk500_getsync(): resp=0x00

Xapaktrpeg elod6dou otov Arduino

Tools = Serial Monitor

[+] Autoscrall Moline ending | |2600baud | w
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2YNOWH BAZIKQN ENTOAQN

pinMode(pin, INPUT/OUTPUT) O YndLaxdcg akpodektng pin yivetal elcodoc/e€060¢

pinMode(pin, INPUT_PULLUP) O YndLakog akpodEKTNC pin yivetal elcod0¢ EvepyomoLwvTag TNV
eowTteplkn avtiotaon pull-up

int x = digitalRead(pin) Avayvwon tng AoyLKAG Katdotaong Tou Pndlakol akpoSEKTN pin

digitalWrite(pin, LOW/HIGH) Eyyvpadn 0/1 (0 V/+5 V) otov Pndlakd akpodEKTN pin

analogWrite (pin,value) Eyvpadn tng tipng value (0 €wg 255) otov PndLako akpodEktn pin

int x = analogRead(pin) Avayvwon tng avaioylkng elcodou pin (0 €wg 5)

analogReference(“DEFAULT/INTERNAL/EXTERNAL’) Tomo6étnon tng taong avadopag tou A/D ota +5 V/+1.1 V/AREF
Serial.begin(9600) Evepyomnoinon tn¢ oelplakng emkowvwviog pe baud rate=9600 bps

Serial.printin(x) Extumwon otn oelplakn 08ovn t¢ LETABANTAC X

Eniotpedel tov aplBud ms amo tnv Evapén Tou mpoypappatod (oav
unsigned long). Mnbeviletal peta anod 50 nuépEC.

millis()
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Digital Input Pull-up

(p1)

void setup(){
{I start serial connection
Senal begin(9600);
/I pin2 as an input enables the internal pull-up
pinMode(2, INFUT_PULLUPY);
pinMode(13, OUTPUT);

}

void loop(){
[/l read the pushbutton value into a vanable
int sensorVal = digitalRead(2);
/I print out the value of the pushbutton
Senal. printin(sensorVal);

{/ Keep in mind the pull-up means the push button's
/I'logic is inverted. It goes HIGH when it's open,
/I 'and LOW when it's pressed. Turn on pin 13 when
/! button pressed, and off when not pressed
if (sensorVal == HIGH) {
digitalWrite(13, LOW);
}
else {
digitalWrite(13, HIGH);
}
}

Vcc

R
Vce
........ q .
> P 1
........ sesnsssofuge - . .

| %| COM3 = | B e
noaToy

3 =

1

1

1

1

1

1

1

1

1

1

4

1

1

1

1

1 =

[¥] Autéyaro scrol (Xwpic Téhog ypouuig - [9600baud
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Read Analog Voltage

(P2)

void setup() {
/i start serial connection
Senal.begin(9600);

}

void loop() {
// read the input on analog pin 0
int sensorValue = analogRead(AD);

// Convert analog reading (0-1023) to a voltage (0-5 V)

| float voltage = sensorValue * (5.0 / 1023.0):

[/ print out the value you read
Senal_printin(sensorValue);

// print out the value of applied voltage
Senal printin(voltage);

}

A0

+5V

10 KQ

PuBpiloupe 1O TTOTEVOIOUETPO £TOI WOTE N
Tdon TIOU €QOPMOCETAI  OTNV  AVAAOYIKN
€ioodo A0 va cival trepitrou 2.52 V

Yta +5V n £€€o06o¢g tou A/D sival 1023

v

Yta voltage (+2.52 V) n £€€060¢ tou A/D eival sensorValue

[ESSEEE™)

©0o6puBog yelwong
— il
Xwpig TEAOG yPoppNG » 9600baud «




20vdeon mARKTpou (Debounce)

Arduino Uno

P Debounce time

maTnua

*  'Otav 1o mAnktpo Sev gival matnuévo, n Tdon otnv eicodo sival 5 V. Otav eivat
natnuévo, n taon eivat 0 V. Eva matnua (ON-OFF) Snuiloupyet évav maApo.

int ledPin = 13; ! choose pin for the Arduino LED
int inputPin = 2: {{ choose the input pin
int val = 0; ! variable for reading the pin status

void setup() {

pinMode(ledPin, OUTPUT); /l ledPin is output
pinMode(inputPin, INPUT); HinputPin is input
}
void loop() {
val = digitalRead(inputPin);  // read push button
if (val == HIGH) { !l check if button released
digitalWrite(ledPin, LOWY);  //turm LED OFF
}else {

digitalWrite(ledPin, HIGH): // turn LED ON

}
}

* O nopakatw Kwdikag avapel to LED nou eivat povipa cuvéedepévo otov Arduino Uno
(pin 13) 600 TO TMANKTPO ELVOL TTATNUEVO KOL TO OPBAVEL OTAV TO APr)COULE.

(p3)
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int ledPin = 13; /f pin for the Arduino LED

int inputPin = 2; / input pin

int val = 0; Il variable for the pin status

int state = LOW; I/l current state of the LED (initially LOW)
int previous = HIGH;  // previous reading of input pin

long time = 0; /{ last time output pin was toggled

long debounce = 200; // debounce time

void setup() {
pinMode(ledPin, OUTPUT):  // ledPin as output
pinMode(inputPin, INFUT);  // inputPin as input
}

void loop() {
val = digitalRead(inputPin); // read push button
if (val = = HIGH && previous = = LOW && millis() - time > debounce) {
i invert the output
if (state = = HIGH)

state = LOW;
else
state = HIGH;

{f remember when the last button press was
time = millis();

}

digitalWrite(ledPin, state);

previous = val;

}

(p4)

* AnuoupyoUpE TNV TPEXOUOA TIUN TOU TARKTPOU val Kal Ttnv TponyoUUEvn
TLUA TOU previous, TIOU apXLKA givatl kat ta Suo “HIGH” (katdotaon npepiag).

* Otav matnBel to mANKtpo, ta val kal previous otaBepomolovvial O€
kataotoaon “LOW” (MARKTPO mMaTnEVO).

*  Otav adebel To MANKTPO, yla va BewpnOel OTL £ylve TANKTPOAOYNON, TIPETIEL
to val va eivatl “HIGH” evw to previous va sivat “LOW” kal va €xeL TapENBeL
XPOvoG peyalutepog anod 200 ms (petafAntn “debounce”) amod to teAeutaio
AT AL,

H ouvaptnon millis() &ivel To xpovo amd Tn OTWyUN E€KKIvnong Tou
TIPOYPALLATOG.
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20vdeon LED

Forward Current (mA)

Arduino Uno

pin3

30
40
30
20

10
0

+5V

Arduino Uno SZL

pin3

— -

Al
&1

15 1.7 1.9 21 23 25

Forward Voltage (V)

Zuvéeopoloyia (a)

Otav n £€o60¢ Digital Pin 3 yivet HIGH (VOH=5V) Ba unapéel £éva pebpa mpog
to LED (source IOH) 1o omoio amod ta XapoKTNPLTIKA TOU MLKPOEAEYKTN €ival
niepimou 18 mA yla £€€060 4.5 V.

To pebpa auto eival apketd yia va avapel to LED. Eav tomoBetiooupe
avtiotacn meploplopol R MpEMEL val UTTOAOYLICOUUE TNV TN TNG. Na pedua
IF=18mA, &nuloupysitat mrtwon Ttaong VF=1.85 V, onwg &eixvel n
XOPOAKTNPLOTLKA KAUTIUAN Tou LED oto Zxnua 2.9. Emopévwg:

R =(4.5-1.85)V/18 mA=147Q ) R=120Q

Zuvéeopoloyia (B)

Otav n £€€0do¢ Digital Pin 3 yivel LOW (VOL=0V) Ba umtapéel éva pevpa anod
v mtnyn npog to LED (sink IOL) to omoio armo ta XapaKTnpLoTKA Tou
HLKpOeAeYKTN elval Ttepimou 18 mA yia €€060 0.5 V.

O umoAoyLlopO¢ TNG avtiotaong R yivetal Twpa wg eENC:

R = (5-1.85-0.5) V/18 mA = 147 Q H) R = 1200
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MaApiki odiynon (PWM)

int value = 0; {l variable to keep the actual value
int ledPin = 3; { LED connected to digital pin 3

void setup() {
pinMode(ledPin, OUTPUT);

}

void loop() {

/f fade in (from min to max)

for(value = 0 ; value <= 255; value+=5) {
analogWrite(ledPin, value); {l range from 0-255
delay(80); {l delay of 80 ms

}

/f fade out (from max to min)

for(value = 255; value ==0; value-=5) {
analogWrite(ledPin, value);
delay(80);

}

T (PS)

H maAuikn o6riynon xapaktnpiletal amno tov kukAo odnynong r Duty Cycle, mou
opiletal wg €N¢:

Duty cycle = t*100/T
OuAoyolL mou oényoU e ta LED pe maApLko pevpa eival ol €€RG:

*  [Mapéxouv peyaAlTepn dwtewotnTa AOYyw TNG TMAPAPOAKAS HopdAC TNG
KQUTUANG dwtewvotntag twy LED’s og oxéon pe to pevpa opbng moéAwong.
‘Eva LED mou odényeital pe maApko pevpa 100 mA kat Duty Cycle=10% (uéon
TR pevpatog 10 mA) mapéxel peyalutepn dwTeVOTNTA ATIO TN CUVEXH TOU
oénynon pe pevpa 10 mA.

*  MeyaAUtepn dldpkela {wng.

*  Muwpotepn Katavalwon.

H ouxvotnta tng odnynong mpémel va sival peyoAvtepn twv 50 Hz yia va pnv
UTIApPXEL TpepoTalypa (ouviBwg eivar >=200 Hz). To mpoypaupa ywa PWM
oénynon avaBel kot ofrjvel to LED mpoodeutika (dimming).

Mua Twun value=64 (256/64=4) onpaivel 0tL To LED Ba pével avapupévo To % Tng
neplodou T kat ouvenwg Oa PBAémoupe T0 % NG pEYLOTNG Pwtewvotntag. H
ouxvotnta eival mepimov 500 Hz j T=2 ms.
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2N2222

pc ————
Motor

Servo —

Reset

Cr
0
=
L
-
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= |
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dwroavTioTaon

Button

Proximity
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Arduino Proto Shield rev3

0]0]010]10]0]0101010IRI(0]0]0]0]0]0]10]0)
O000000V0OOII0O0O0OLOOOO
Servo % § 10 KQ g g
e a <t <r
8 ﬁ O =\ /=
2N2222 N i LED
g
= < o
LM35D S =
=) N
+5V Gnd m — =V IR
L2
00000000/ 000000
OQO000O0OOOIIOOOOO0O
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2TOTIKA odnynon LED & mévte mARpn Matrpota Tou ARKTpou to LED Oa yivetat ON/OFF

pin 2
R
L1/ *
+5V
R
pin 4

ttdefine led 2

#define btn 4
int ledStatus = HIGH;
int count =5;

void toggleLed() {

digitalWrite(led, ledStatus);

ledStatus = (ledStatus == LOW) ? HIGH : LOW;
}

void setup() {

Serial.begin(9600); // for serial monitor
pinMode(led, OUTPUT);
pinMode(btn, INPUT_PULLUP); (p6)

}

void loop() {
int x=digitalRead(btn);
while (x==LOW
del af/(so); M // delay 50 ms Adarpéote to’delay(SO) Katlsﬁnvsicns ™
x=digitalRead (btn); Aettoupyia tou mpoypapparog
if (x==HIGH) {
count=count-1;
if (count==0) {
count=5;
toggleLed();
}
break;
}
}
}
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NMaApik odAynon LED

int led = 3;
void setup() {
pinMode(led, OUTPUT);
Serial.begin(9600);
}
void loop() {
while (Serial.available()>0) {
int x = Serial.read();
Serial.printin(x);
analogWrite(led, x);
}
}

(P7)

Na ypadtel npoypappa to onoio Oa avapBer éva LED oto pin 3 tou

Serial.available()

Asdopéva Tt omoila  €xouv
anoOnkevtel oto oeplako buffer kau
glval duaB<oua. Méyiloto 64 bytes.

Serial.read()

128

COM3 (Arduino/Genuino Mega or Mega 2960)

o EEE

Send

19 4 ASC|IToU 1
50 4= ASC|| toU 2
¢ 4= ASCliTou 8

Autoscroll

Mo line ending w9600 baud

W

Arduino pe PWM. Tnv tiju PWM Ba divoupe péow tng osplakng odovng.

AwafBalel to npwto SLOECLO OELPLAKO
6edopévo ano tov buffer.
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MaApik odRynon LED (OpB6)

int led = 3;
void setup() {
pinMode(led, OUTPUT);
Serial.begin(9600);
}
void loop() {
while (Serial.available()>0) {
int x = Serial.parselnt();
Serial.printin(x);
analogWrite(led, x);
}
}

Serial.parseint()

AlaBalel To MPWTO OKEPALO OELPLAKO
6edopévo ano tov buffer (long).

(p8)

COM3 (Arduino/Genuino Mega or Mega“} - =
ﬂ.28 Send

128

Autoscroll Mo line ending  w | |9600baud W
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MéTpnon Beppokpaciag

+5V

pin AQ

LM35D

LM35 D — 10 mV/°C

Avaluon petatpomnéa (Resolution) = 10 bits

Taon avadopag = +5V

Elooboc =0V —E€odoc = 000h

Elcodog = +5 V —E€obo¢ = 3FFh (219-1=1023)

KaBe umodlaipeon avtiotolyet oe 5000 mV/1023 = 4.9 mV &nAadn oe mepimou 0.5 °C.

Mo 09C - Eicobog =0V = E€oboc =0

Mo 100 °C — Eioobdog =1V = E€obog = 1023/5 = 205 f petaBoAn 2.05 (~=2) unodlalpéoewv yla Kabe
BaBuo KeAolov =2 pn eKeT@AAgUon OANG TNG KALLOKOL.

Eowteplkn taon avadopac = 1.1V (cuvaptnon analogReference(INTERNAL))
KaBe umodiaipeon avtiotolxel oe 1100 mV/1023 = 1.08 mV 86nAadr) os mepimov 0.1 °C.
Mo 100 OC — Elcobdoc =1V = E€obdog = 1023/1.1 = 930 ] petafoln 9.3 umodlalpEcswy yLa

KaBe BaBuo Kedoiov 2 suairoBnoia oto B6pufo.
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AvaAvon A/D n Resolution — 10 bits i} 1024 untodiapgoelg (oo 0 €éwg 1023).
AvaAucon pPETpnong i avaAuon answkovions — 0 éwg 100 °C o popdn nn.n (evog dekadikou i 0.1). MN.x. 32.6 °C
(Display Resolution) N’ avtiv tnv kKAipaka xpetalovrat 1000 urtodLatpéoslg, apa o
A/D givon katdAAnAog.
AkpiBela petpnonc — H akpifeta tng Yndrakng Evéegng e tnv Eveelén vog mpotuou opyavou.

EnavaAnyipotnta | Repeatability — H anewdovion napapével otabepn o€ emavaARPeLg LETPHOEWV.
*  AU&non tn¢ taonc avadopdc 2 MeyalUtepo Bripa, LIKPOTEPN VAAUGCH OTELKOVLIONG, TIOavn
QVEKUETAAAEUTN TIEPLOXN

*  Meiwon tng taong avadopdg 2> Mikpotepo Bripa, peyalutepn avaAuon amekoviong, evatodnoia oto
Bopufo.
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AAyopi0uol pETPNONG BeppoKpaTiag

Taon avapopag +5 V

Temperature = Analog Reading from A0/2

Taon avagopag +1.1 V

Temperature = Analog Reading from A0/9.3

Ma tnv amnoduyn tou BopuBou mou dnuloupyel N yelwon TOU KUKAWUOTOC
dnuloupyol e €va GIATpo KIVOUPEVNG LEONG TIUAG (moving average filter), pe
To omoio AapPavoupe 20 SL0SOXIKEC UETPNOELG KOl BplOKOUUE TN HEON TLUN

TOUG.
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#define pin A0 // (or int pin=A0;)
int temperature;

void setup() {

Serial.begin(9600); // for serial monitor
analogReference(INTERNAL); // referenceto 1.1V
Serial.printIn("Ready to start...");

}

void loop() {
int span = 20;

int analog = 0;
for (inti=0;i<span;i++) {

analog = analog + analogRead(pin);
}
analog = analog / 20;
temperature = analog/9.3;
Serial.printIn(temperature);

Ready to start...

(P9)

(] Autéyaro scroll [Xwpic Téhog ypauic
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AoKnon

Na ypadtel tpoypappo To onoio va amnelkovilel tn Osppokpaoia pe akpipfeia 0.1 °C.
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METpNnon QWTEIVOTNTAG

+5V

R=10 KQ
Analog pin 1

—
LDR =g

Xapaktnplotikd pwto-avitictaocng LDR 5 mm

Avtiotaon ¢wtog = 8~20 KQ
Avtiotaon okdtoug = 1 MQ (min)

e mANpn odwtewotnta, n tdon mou edapudletal otnv avaloyilkn €lcodo Ttou
Hetatpornéa eival +0.45 V, evw o€ mMANpeg okotadt n taon auth ivat ta 2/3 twv +5 V
f 3.24 V.

Edv n taon avadopdc Tou HETATPOMEN £lval +5 V, tote og mMARpn dwrewotnTa 0
petatporneag Sivel 92 evw oe MARpPeg okotadt Sivel 663.

Ma kAipoka ¢wtewvotntag amo 0 ¢wg 100% kat pe Sedopévo OTL n €vdelEn tou
HETATPOTEN AUEAVETAL 000 TO PwC YiveTaL AlyOTEPO:

Intensity = 100-(analog reading-92)*100/(663-92)
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Qwtevotnta

RN R R RN RN NN R =N NN R AR NN RN R RN NN RRARNRENATY]

92

100

663-x

663 ‘E€oS0c peTatponéa

663-92
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(p10)

#define pin A1 //(or int pin=A1;)
int intensity;

void setup() {
Serial.begin(9600); // for serial monitor
Serial.printIn("Ready to start...");

}

void loop() {

int span = 20;

double analog = 0;

for (inti=0;i<span;i++) {

analog = analog + analogRead(pin);

!

analog = analog / 20;

intensity = 100-(analog-92)*100/(663-92);
// intensity = map(analog, 92, 663, 100, 0);
Serial.printIn(intensity);

delay(2000);

}

Ready to start...

map(value, fromLow, fromHigh, toLow, toHigh);

[¥] Autéyato scroll | Xwpic TeAoG ypapc v | 9600 baud

H ocuvdaprnon map() peTaTp€mrel TNV KAiJoKa
[92 663] oTnV KAipaka [100 0].

b 48|
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MéTpnon arréoTaong

+5V +5V
220 Q 10 KQ
- To aloOntrpLo gyyutnToC MOV XPrOLUOTIOLELTAL ELVOLL EVOLG TTOMTTO-
—2 6€KtNnC untepUOpov, to TCRT5000 ota 950 nm.
* Qwtobiodocg kal pwTto-tpavoioTtop umepUOBPOU OE CUCKELATLO TIOU
UTTAOKAPEL TO 0paTO PWC.
1.2 e . , .
_ Vee =10V *  Mnkog Kupatog urepuBpou 950 nm.
£ I = 20 mA , , . :
g 10 * Amnootaon yla peylotn petadopa pevpartog lout/lin (CTR-Current
‘2 i N Transfer Ratio) 2.5 mm.
% / \\ * [Meploxn Asttoupyiog 0.2-15 mm.
0.6
: | N
s 04 N
z N
3 azl S~
0.0
0 2 4 6 8 10 12 14 16

d - Distance to Reflecting Card (mm) -



Otav dev umdpxeL QVTIKELPEVO TTAVW aTtO TO aLoOntrplo, o §éktng divel taon 4.77 V. ‘Otav MANCLACOUUE ULa
Agukn eridavela o amootaon 3 cm ano To altcOntiplo n taon €6dov eival mepinou 4 V, evw o€ amootacn
0.5 cm eivaw mepimou 0.2 V.

Ermopévwe n Suvapkn meploxn Aettoupylag tou atocOntnpiou gyyvutntag €ival 3.8 V yla pla anootaon omno
0.5 €wg 3 cm.

* Me taon avogdopac oto petatponéa +5 V, ta 0.2 V avtiotolyouv os 0.2*1023/5 i o€ 41 umoSLALPETELG EVW

T 4 V og 818 unodLapEoelg. Auto onpaivel otL ywa 2.5 cm 1} yta 25 mm (mdvtote peoa oTnV EPLOXA ATIO
0.5 cm €w¢ 3 cm) o petatpornéag Oa petaBarAetal 777 umodLALPETELS KAl EMOUEVWE 1 mm PETATOTLONG TOU
QVTLKELUEVOU Ba avtiotolxel o petafoln 31 umodlalpecewy.

OEWPOUE OTL ANMOCTACELG MLKPOTEPEC TWV 5 mm R peyaAUtepeg Twv 30 mm ival EKTOG KAIpaKOG LETPNONG.
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Jopudwva pe ta mapandvw x1=5 mm, x2=30 mm, al=41, a2=818. Ano ta Suo
oxnuotiopeva opola tpiywva, TPOKUTTEL N OXEON:

X— Xl a—al

x2—xl a2-al

Enopévwg n anootacn ce mm Silvetal amno tn oxeon:

a—41
777

X=5+

Ma va punv umndpxouv Peudeic evdeilelg, eav n €€odo¢ tou HETOTPOTEN Elval
HULKpOTEPN TOU 41 | peyaAutepn tou 818, n epappoyn Ba Seiyvel “Out of range”.

analog
reading

a2

ail

-

x1

x2 dist;nce
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(p11)

#define pin A2 //(or int pin=A2;)
int distance;

void setup() {
Serial.begin(9600); // for serial monitor
Serial.printIn("Ready to start...");

}

void loop() {
int span = 20;
double analog = 0;
for (inti=0;i<span;i++) {
analog = analog + analogRead(pin);
}
analog = analog / 20;
distance = 5 + (analog-41)*25/777;
Serial.printIn(distance);
delay(2000);

Ready to start...
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0dnynon DC kivnTApa

+5V

DC motor

2N2222

GHIP INHIBIT [ 1] 15 vss FUNCTION TABLE
INPUT 1 E TE] INPUT 4 (each driver)
QUTPUT 1[3 | 4] QuUTPUT 4 INPUTST OUTPUT
GND E E] B A EN Y
GND [ 5 L293 12| GND H H H
OUTPUT 2 (8 11] ouTPUT 3 L H L
INPUT 2 [7] 110 INPUT 3 % - 2
ve |8 8| CHIP INHIBIT 2 H= high‘ level, L = low level, X = irrelevant,
Z = high impedance (off)

* Tdon Aettoupyiog yla Toug KvnTApeg otnv akida V. amo 4.5 €wg 36 V.
* Pelpa Asttoupyiag yia toug Kivntripes 600 mA.
* Zexwplotn taon Aettoupyiag tou AoyKou KUKAWHOTOG, V.

* 'EAeyxog twv dUo odnywv amo ta CHIP INHIBIT 1 kat CHIP INHIBIT 2.
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Logic Voltage

in 3
E::4 e * AellooTtpodn kivnon otav pin 4 = H kot pin 2 = L.
— 1] 16 , , . . .
* Aplotepootpodn Klvnon otav pin 4 = L kat pin 2 = H.
= o PLOTEPOOTPOPN KivNoN p p
— 4] * Htaxvutnta neplotpodng eAéyxetal pe PWM oto pin 3.
B meter 4 18 «  Otav pin 3 = L, 0 KWNTAPAC OTOHATA.
5 12|
C ] * T e§okovopunon pag e§€6douv, pnopet to CHIP INHIBIT 1 va ouvdeBei ota
P - 3 +5 V aAAd ta onpata eAéyxou tng Popag TOU KLvNTHPA TPEMEL Vo
‘ ouvdeBoUlvV o€ e€66oug PWM £t0oL wote va EAEYXETAL N TOXUTATA.

Motor Voltage

60



int motor = 5; // motor connected to digital pin 5
void setup() {
Serial.begin(9600);
pinMode(motor, OUTPUT);
}
void loop() {
while (Serial.available()>0) {
int x = Serial.parselnt();
Serial.printIn(x);
analogWrite(motor,x);
}
}

(p12)

PUOuion taxvtntag kwntipa DC pe
T 0 €wg 255 amno tn ospLakn 00ovn.
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0dnynon ogpBo-KivnTRpa

+5V
Red Orange
pin 9

Brown Servo Motor

* Tumog Tower Pro MG90.

* Taon Aettoupyiag 4.8 €wg 6 V.

* Tayutnta 0.1 sec/60 degrees (ota 4.8V), 0.08 sec/60 degrees (ota 6.0V).
* Pormn: 2ta 4.8V: 1.8 kg-cm. ta 6.0V: 2.2 kg-cm.

* [eplotpodn 180°.

H 0éon evog ogpPo-Kivntnpa kabopiletal anod to pnkog evog naApou HIGH og éva xpoviko dtaotnua 20 ms.
Eav autdg o naApog eivat HIGH yia 1 ms, téte n ywvia tov oépfo Oa sivarl undév poipeg, eav ivat 1.5 ms Oa

glvanl 90 poipeg ko gav eivat 2ms Oa napeL O¢on otig 180 poipsg.
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20 ms

1 ms

1.5 ms

2ms
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#include <Servo.h>
Servo myservo;  // create servo object to control a servo
int pin=9; // servo connected to digital pin 9
int pos = 0; // angle = 0 degrees
void setup() {
Serial.begin(9600);
pinMode(pin, OUTPUT);

myservo.attach(pin); // attach servo on pin 9 ; ; . .
 PUOOuion ywviag servo amé 0 éwg 180

myservo.write(pos);  // initialize servo 6iVOVTG§ Hia Tlpﬁ 0 éwg 255 a1rd ™

delay(15); // 15 ms to reach position O'SlpIGKI'] OG()VI‘].

}

void loop() { * H evroAl map() perarpémrel To didoTnua
while (Serial.available()>0) { 0-255 oT1o diaoTnua 0-180.

int x = Serial.parselnt();
Serial.printin(x);

pos = map(x, 0, 255, 0, 180);
Serial.printIn(pos);

myservo.write(pos);
}
} (p13)
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Blink | Arduino 1.6.10
File Edit Sketch Tools Help

Blink &

wvoid setupi) |
FF initialize digital pin 13 as an output.
pinMode (13, OUTPUT);
H

oid loop(y ¢
digitalWrite (13, HIGH);
delay (1000} ;
digitalWrite (13, LOUW);
delay (1000 ;

a second

4F wait for a second

Arduinod

nuino hiega or Mega 2560, ATmegazs

=+

GH iz the woltage lewel)

turn the LED off by making the woltage LOW

1 on COM3Z

—

MNpoBAnpa!l

O enefepyaotn dev unopei va KAVEL
KOLLA AAAN SoUAeLd.
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BlinkWithoutDelay | Arduino 1.6.10 "
File Edit Sketch Tools Help

BlinkdithoutDelay &

J4 constants won't change. Used here to set a pin mamber : ~
conat int ledPin = 13; £F the nunber of the LED pin
J4 Wariables will change :
int ledState = LOW: Jf led3tate used to set the LED

£ Generally, wou should use "unsigned long™ for wvariables that hold time
A4 The walue will quickly become too large for an int to store

unsigned long previousMillis = 0; S/ will store last time LED was updated
/¢ constants won't change :

const long interwal = 1000; £f interval at which to blink (milliseconds)
void setupi) |
J4 set the digital pin as output:

pinMode (ledPin, OUTPUT)

Xpnon 1t¢ millis() yw mpocdiopiopo piag
XPOVLKAG OTLYUNG avTi yia TtV Xprnion tng delay()

vold loopi() {
/7 here is where you'd put code that needs to be running all the time.

A7 check to see if it's tiwme to blink the LED: that iz, if the
SF difference betweeh the current time and last time vou blinked
A4 the LED is bigger than the interwal at which you want to

/F blink the LED.

unsigned long currentMillis = millisi):

<
<«

if {currentMillis - previousMillis >= interwval) {
S/ sawve the last time wou blinked the LED
previousMillis = currentMilli=:

Sf 1f the LED iz off turh it on and vice-wversa:

if (ledState == LOW) {
leditate = HIGH;
boelse |
led&tate = LOW:

Sf set the LED with the leditarte of the wariahle:
digitalllrite (ledPin, led3tate):

nuino Mega or Meg




Multi-tasking pe 2 LED

// constants won't change. Used here to set a pin number :
const int ledPinl = 13; //the number of the LED1 pin
const intledPin2 = 12;  //the number of the LED2 pin

// Variables will change :
int ledStatel = LOW, // ledState used to set the LED1
int ledState2 = LOW; // ledState used to set the LED2

// Generally, you should use "unsigned long" for variables that hold time

// The value will quickly become too large for an int to store

unsigned long previousMillis1 = 0; // will store last time LED1 was updated
unsigned long previousMillis2 = 0; // will store last time LED1 was updated

// constants won't change :
const long intervall = 1000; // interval at which to blink LED1
const long interval2 =500;  // interval at which to blink LED2

void setup() {
pinMode(ledPin1, OUTPUT);
pinMode(ledPin2, OUTPUT);

}
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void loop() {
// here is where you'd put code that needs to be running all the time.

// check to see if it's time to blink the LED1; that is, if the

// difference between the current time and last time you blinked

// the LED1 is bigger than the interval at which you want to blink the LED1.
unsigned long currentMillis = millis();

if (currentMillis - previousMillis1 >= intervall) {
// save the last time you blinked the LED1
previousMillis1 = currentMillis;

// if the LED1 is off turn it on and vice-versa:
if (ledStatel == LOW) {

ledStatel = HIGH;
} else {

ledStatel = LOW;

}

// set the LED1 with the ledState of the variable:
digitalWrite(ledPin1, ledStatel);

// check to see if it's time to blink the LED2
if (currentMillis - previousMillis2 >= interval2) {
// save the last time you blinked the LED2
previousMillis2 = currentMillis;

// if the LED2 is off turn it on and vice-versa:
if (ledState2 == LOW) {

ledState2 = HIGH,;
}else {

ledState2 = LOW;

}

// set the LED2 with the ledState of the variable:
digitalWrite(ledPin2, ledState2);

(p14)
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Multi-tasking with Object Oriented Programming!

e Anpovpyia tng kAdong “Blink “

class Blink {
// Class Member Variables initialized at startup
int ledPin; // the number of the LED pin
long interval; // delay time
// These maintain the current state
int ledState; // ledState used to set the LED
unsigned long previousMillis; // will store last time LED was updated

a Anpovpyia kataokevaotr) avilkelpévou (Constructor)

// Constructor - creates a Blink and initializes the member variables and state
public:
Blink(int pin, long delay) {

ledPin = pin;

pinMode(ledPin, OUTPUT);

interval = delay;

ledState = LOW;

previousMillis = 0;




e Anpovpyia ocuvaptnong otnv kAdon (class function)

void Update() {
//record the current time
unsigned long currentMillis = millis();
if (currentMillis - previousMillis >= interval) {
// save the last time you blinked the LED
previousMillis = currentMillis;

// if the LED is off turn it on and vice-versa:
if (ledState == LOW) {

ledState = HIGH,;
}else {

ledState= LOW;

}

// set the LED with the ledState of the variable:
digitalWrite(ledPin, ledState);
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Kupilwg mpoypoappa

// creation of the two led objects with constructor parameters (pin, delay)
Blink led1(12, 500);
Blink led2(13, 1000);

void setup() {
//initialization is done in the constructor

}

void loop() {
led1.Update();
led2.Update();

}
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KAdon R avtikeipevo “Blink”

class Blink {
// Class Member Variables initialized at startup
int ledPin; // the number of the LED pin
long interval; // delay time
// These maintain the current state

//\\
int ledState; // ledState used to set the LED

unsigned long previousMillis; // will store last time LED was updated

// Constructor - creates a Blink and initializes the member variables and state

public:
Blink(int pin, long delay) {
ledPin = pin;

pinMode(ledPin, OUTPUT);
interval = delay;

ledState = LOW;
previousMillis = 0;

}

void Update() {
//record the current time
unsigned long currentMillis = millis();
if (currentMillis - previousMillis >= interval) {
// save the last time you blinked the LED
previousMillis = currentMillis;

// if the LED is off turn it on and vice-versa:
if (ledState == LOW) {

M edState = HIGH;

} else {
ledState = LOW;

}

// set the LED with the ledState of the variable:
digitalWrite(ledPin, ledState);
}
}
5

// creation of the two led objects with constructor parameters (pin, delay)
Blink led1(12, 500);
Blink led2(13, 1000);

void setup() {
//initialization is done in the constructor

}

void loop() {
led1.Update();

led2.Update(); /
}

7

(p15)

Kupiwg mpoypoappa




External Interrupts



T o o o

- Arduino

Mnyég Awakonwv otov Arduino

External interrupts Timer interrupts
INTO — pin2 Timer O, 1, 2
INT1 - pin3

PCINTO €wg PCINT23

Awadikaoia SLOKOTNG
EKTEAEON TPEXOUOOG EVIOANC
ATIOKAELOMOC AAAWV Slakomwyv
AmoBrikeuon TOU KaTaxwpntr MPOoyPAUATOS OTO CWPO
To nmpoypappa Ba petanndniost otnv YEA (ISR) — Interrupt handler
Eriotpodn oto Kuplwe mpoypappa Le EVTOAN return
AvVAKTNON TOU KATAXWPNTr MPOYPAUUATOG Ao TO OwpOo

Evepyomoinon twv dtakonwv
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OL SLakomeg eival evepyormolnpeveg by default.
OL SLakomeEg armevepyomolouvtal e TNV evioAn nolnterrupts().
» € QUTNV TNV MEPLTTWON UITOPOUV VA EMNPEACTOUV KATIOLEG CUVOPTAOELG KOL N OELPLOKI ETILKOWVWVLAL.
Ol SLakomEG emavevepyoToLloUvVTaL UE TNV EVTOAN interrupts().
» € QUTNAV TNV MEPLTTWON ENMNPEALETAL O XPOVIOUOC.
H eumnpgtnon pog dLakomng yivetal Ye TNV EVIOAN:
attachinterrupt(digitalPinTolnterrupt(pin), ISR, mode)
n
attachinterrupt(0 n 1, ISR, mode)
pin = To pin dtakomnc (r.x. 2 R 3)
ISR = n umtopoutiva eEuTtnPETNONG TNC SLAKOTIAG
mode = LOW — omote 1o pin €ivat 0 V
= CHANGE — omnote 1o pin aAldlel kataotoaon anod 0V og +5 V 1} avtiotpoda
= RISING — omote 1o pin aAAalel kataotaon ano 0V og +5V

= FALLING - omnote to pin aAAdlel katdotoon ano +5V oe 0V



H e€umnpEétnon Slakomwy amo CUYKEKPLUEVO pin ATTEVEPYOTIOLELTOL UE TNV EVTOAN:
detachinterrupt(digitalPinTolnterrupt(pin))

Ol HeETABANTEC TTOU XPNOLLLOTIOLOUVTAL OTO KUPLWwE poypappa kat otnv YEA dnAwvovtat oav volatile. EtoL o

compiler ouyxpovileL TLG TLUEG TOUG,.

Ot ouvaptnioelg delay() kat millis() dev Aettoupyouv péoa otnv YEA.
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MNapadeiypa eEWTEPIKWV OIAKOTTWYV

XPNOLLOTTOLWVTAC TO MAPATAVW KUKAWHA, va ypadTel mpoypappa to onoio va avapet/opnvet to Led 13 o€ kabe 10
AN} PN MATALATA TOU TTAKTPOU.

const int ledPin = 13;

const int btn = 2;

volatile int ledStatus = HIGH,;
volatile int count = 10;

void Update() {
count=count-1;
if (count==0) {
count=10;
digitalWrite(ledPin, ledStatus);
ledStatus = (ledStatus == LOW) ? HIGH : LOW;
}
}

void setup() {
pinMode(btn,INPUT_PULLUP);
pinMode(ledPin,OUTPUT);

attachinterrupt(digitalPinTolnterrupt(btn), Update, RISING);

}

void loop() {
}

O 0O06puBog TOU  TANRKTIPOU
dnuovpyel nPOBANua oto
METPNMA TOU OpLlOpol maTnHATWV
enewdn oev propel va
xpnowonownOet  debounce e
kaBuotépnon otnv YEA.
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AUon Tou TTPpOBARUATOG

const int ledPin = 13;

const int btn = 2;

int ledStatus = HIGH,;

int count = 10;

volatile boolean flag = false;

void Update() {
flag=true;

}

void toggleLed() {

digitalWrite(ledPin, ledStatus);

ledStatus = (ledStatus == LOW) ? HIGH : LOW;
}

void setup() {
pinMode(btn,INPUT_PULLUP);
pinMode(ledPin,OUTPUT);
attachinterrupt(digitalPinTolnterrupt(btn), Update, FALLING);

}

void loop() {
if (flag==true){
flag=false;
int x=digitalRead(btn);
while (x==LOW) {
delay(50);
x=digitalRead(btn);
if (x==HIGH) {
count=count-1;
if (count==0) {
count=10;
toggleLed();
}
break;
}
}
}
}

(p17)
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O ATMega328 kal kat’ eméktaon o Arduino dtaBetel Suvatotnta SLakomwy oTiG LETABOAEG EVOC €K TWV TTOPAKATW pins.
Ol avtloTtolyieg pe ta pins tou Arduino gupiokovtal oto ATMega pin mapping.

PCINT[7:0] - PORT B [7:0]
PCINT[14:8] - PORT C [6:0]
PCINT[23:16] — PORT D [7:0]
OL Slakoméeg evepyormolouvtal péow tou kataxwpntr PCICR yla kdBes opdda pins.

PCICR - Pin Change Interrupt Control Register

Bit 7 6 5 4 3 2 1 0

(0x68) [ - 7 -7 -7 -7 -7 pcie2a | PciEl | PCIEO | PCICR
Read/Write R R R R R RW RW RW

Initial Value 0 0 0 0 0 0 0 0

1

PORTD PORTC PORTB

Ot eloobol kamolag opadacg prmopouv va amokAelotolv (masking) pe tov avtiotowo kataxwpnt PCMSKO, PCMSK1,
PCMSK2. O amokAelopog yivetal pe eyypadn tou “0” oto avtiotolyo bit. H popdn evog tétolou kataxwpnth ival:

PCMSKO - Pin Change Mask Register 0

Bit 7 B 5 4 3 2 1 0
(0x68) IPEINT? I PCINTE [ PCINTS [ PCINT4 I PCINT3 PCINT2 PCINT1 PCINTO I PCMSKD
ReadWrite RW RW RW RW RW RW RW RW

Initial Value 0 0 0 0 0 0 0 0
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*  OLYEA mou kaAouvtal otav umapéel Slakomn ano Kanowa opada sivat:

ISR(PCINTO_vect){} // Port B, PCINTO - PCINT7
ISR(PCINT1_vect){} // Port C, PCINTS - PCINT14
ISR(PCINT2_vect){} // PortD, PCINT16 - PCINT23

* Otav npokAnOei dtakormn amnod kanota opada, To avriotoryo flag tou katayxwpntr PCIFR yivetal “1”. To flag autod yivetal
Eava “0” poA e€untnpetnOel n Stakomy).

Bil T 1] 5 4 3 2 1 0

oisoosy [ = T = T - ] parz | porr | Per0_] o
Read/Write R R R R R R RwW R

Initial Value L] L] 0 0 0 Li] 0 0

Aoknon

Yuvdéote to digital pin 13 pe to PCINTO. Kavete blink to Led 13 pe xpovokaBuotépnon 1 s yia 10 dpopéc.

Mpoypappatiote To PCINTO £T0L WOTE O0TO TEAOG VA EKTUTIWVETOL OTN CELPLOKN 000vN 0 aplBUOC Twv eVOANAywVY O€
QUTO TO pin.
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- Arduino Timers
ll
Timer Interrupts




Apxn Asitoupyiag xpovioTwv/perpntwy (Timers/Counters)

H Baowkn Asttoupyla evog timer/counter gival va HETpAEL XPOVO cUUPWVO LE EVOL POAOT TO OTIOLO TIPOKUTITEL ATIO
TNV oUXVOTNTA TOU HLKPOEAeYKTN Slapepevn He éva cuvieheotn (prescaler). Na mapadelypa, o€ €va cUOTNUA PLE
ouxvotnta 16 MHz kat prescaler=64, évoag timer twv 8 bits pmopel va petpriosl péyloto xpovo amnod 0 €wg 255
OmoTE Kol UTtEpXELALLEL:

t=1/(16.000.000/64) X 256 = 1,024 ms

Edv o kataxwpntig tou petpnti (TCNT-Timer Counter) doptwOel pe pa TR amd to 0 — 255 tote 0 XPOVOC
yivetal pikpotepoc. Na mapadetypa av TCNT = 100, 10T 0 XpOVOC LETPNONG LEXPL TNV UTIEPXEIALON Elvat:

t=1/(16.000.000/64) X (256-100) = 0,624 ms
Ye kABe unepyxeilion n onuaia uvnepxeidtong (TOV-Timer Overflow) yivetal 1 kot pndeviletal yla tnv €MOPEVN
HETPNON. ITNV UNEPXEIALON UTtopEl va mpoypappatioTtel n dSnuioupyia dtakomng. EMopEVWE, av 0 PETPNTNG MOG

EekwvnoeL amo to “100” ko uTtepXELALOEL 5 dopEC, 0 LETPOUEVOC XPOVOC Ba elval:

t=1/(16.000.000/64) X (256-100) + 4 X 1/(16.000.000/64) X 256= 4,72 ms
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* EKktoc amd tn Asttoupyla xpoviopou, €vac timer/counter Umopel va CUYKPIVEL TNV TWUH TOU HUE HLOL TIPO-
tormoBstnuévn tiun (OCR-Output Compare Register) kat va mapayet pio €€0do otav eivat ton pe avtiv. Quoka
KOl O€ QUTHV TNV Tepimtwon kamolo flag tornoBeteital kal pnopet va yivel KAjon pag SLakomng.

Special Storage t— 3| Comparator - Free-Running }¢=——t Prescaler j&=—— Clock

Register Counter
¢ Programmed
Timer Output E."liem I
Flag Coese
- Logic high
¢ - Logic low
Timer Output Physical
Interrupt Output —> |_| |_| |_|
System Pin
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* ‘Evag timer/counter pumopet va €xeL eloodo yla va aviyveUel TaApoug (capturing) ) va LETPAEL TAALOUG (counting)
KOl TN CUVEXELO vVa TtapAyeL TAAUoUC o€ karmola £€060 1 orpota PWM.

Microcontroller

Timer Input Port |eg——

Timer Output Port  [—# m‘ ‘ » Extemal
Device

85



* O Arduino 6waB¢tel 3 xpovioteg (Timers): TimerO, Timerl kot Timer2. Xto multi-tasking xpnowpomownBnke n
ouvaptnon millis() yla va mpaypatomownBei pia kaBuoteépnon. O Timer0 xpnolpomoleltal ywa va SnuLloupyel pia
Stakomn kKaBe 1 ms Kal £T0L EVNUEPWVETOL O PETPNTAC TNS cuvaptnong millis().

*  OL XpOVIOTEC ELvVOL KOL LETPNTEC TIOU HETPOUV UE Bdaon To poAol tou eneepyaoth (16 MHz | 62.5 ns) Stalpepévo
ne eva ouvtedeotn (clock divisor i prescaler) kat pe dtadopouc tpomnouc (modes).

TimerO:
Timer0 is an 8 bit timer.

O timer0 xpnotpomnoleitat yia T cuvaptioels xpovou delay(), millis() kat micros(). Emiong xpnotpomoleital ywa tnv
analogWrite ota pins 5 ka 6.

Timerl:
Timerl is a 16 bit timer.
O timer1 xpnotpomnoteitat yia tn BLBAoBrikn <Servo.h>. Emiong xpnowpomnoleitat yia tnv analogWrite ota pins 9 kat 10.

Timer2:
Timer2 is an 8 bit timer.

O timer2 xpnotpomnoleitat yia tn ouvvaptnon tone(). Emiong xpnowponoteitatl yia tnv analogWrite ota pins 3 kat 11.



Tponot Asttovpyioc (modes)

Normal Timer
Clear Timer on Compare Match (CTC)
Fast PWM

= LY L

Phase Correct PWM

MINAKAZ KATAXQPHTQN TIMERS

Timer Counter Control Register A (TCCRnA)
Timer Counter Control Register B (TCCRnB)

Timer Counter Register (TCNTn)
Input Capture Register (ICR1)
Output Compare Register A (OCRNnA)

Output Compare Register B (OCRnB)
Timer/Counter Interrupt Mask Register (TIMSKn)

Timer/Counter 0 Interrupt Flag Register (TIFRn)

KaBopilel Tov tpomo Asttoupyiac (mode)

KaBopilel tov dlatpétn (prescaler)

MepLéxel tnv emlBuunth pEtpnon (count)

Maipvel Tnv TLun tou TCNT1 og kABe yeyovog oto pin ICP1
Anploupyla dtakomng otnv emlBUUNTA HETPNON
Anploupyla dtakomng otnv emlBuUUNTA HETPNON

JuvOnkeg Snuloupylag SLaKOTNG

‘Evbelén dSnuoupyiag Stakomng
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Timer 0

Timer 1

Timer 2

8-bit timer/counter

- 16-bit timer/counter

- b-bit timer/counter |

10-bit clock prescaler

Functions:

-- Pulse width modulation

-- Frequency generation

-- Event counter

-- Output compare — 2 ch

Modes of operation:

-- Normal

-- Clear timer on
compare match (CTC)

-- Fast PWM

-- Phase correct PWM

- 10-bit clock prescaler

- Functions:
-- Pulse width modulation
-- Frequency generation
-- Event counter

-- Output compare -- 2 ch

-- Input capture

Modes of operation:

-- Normal

-- Clear timer on
compare match (CTC)

- Fast PWM

- Phase correct PWM

- 10-bit clock prescaler

- Functions:
-- Pulse width modulation
-- Frequency generation
-- Event counter
— Output compare — 2 ch

Modes of operation:

-- Normal

-- Clear timer on
compare match (CTC)

— Fast PWM

-- Phase correct PWM
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Normal Mode

= TOP
TCNTO / /l/
—< BOTTOM

frovo] ‘III]\NI

255

Ep——

timer value
S~

0

* O xpoviotng (m.x. Timer0) petpdel amd tnv Tt TCNTO
(min=0x00  BOTTOM) otnv twun OxFF (TOP).
* Me tnv emwotpodny TOU METPNT otnv Ty BOTTOM,
tonoBeteital to flag TOVO.

* Xpnowo mode yua
XPOVOKABUOTEPHOEWV.

f.=f./256

METPNON

XpoOvou,

dnuloupyia
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Clear Timer on Compare Match (CTC)

foco= fei Yo @xNx(1+0CR0)

0CO [ | |

OCRO
~ OCRO
—~OCRO R
TCNTO /
OCO Il6co OC0 0C0 0C0
mnter
flag

255 ! ~

OCR A /T X /T

timer value \/ V %

0

O xpoviot¢ unbevitetat kaBe d¢opd mou o
petpntic TCNTO yivetat {oog¢ pe tov OCROA N
OCROB.

To flag OCFOA r} OCFOB tomoBeteital.

To pin €€66ou OCO pmopel va TAPEL KATIOLO TLU.
Anpoupyeitat Swakomr) av 1o flag OCIEOA n
OCIEOB otov  katayxwpnty TIMSKO  eival
EVEPYOTIOLNHEVO.

Xpnotpomnoleitat yia ™ OSnuoupyila mMaApwv N
KUpoTopopdpwyv akpLBeiog.
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Phase Correct PWM Mode

focopwM = felk 1o/ (Nx510)

TOP
TCNTO .
: : I| —BOTTOM
OCO 0CO ‘Tﬂ]
oco P

O petpntng TCNTO petpacel ando BOTTOM oe TOP ko
otn ouvéxela anod TOP oe BOTTOM cuvexwc.
KaBe popd mou n tiun tou yivetal ion pe tov OCROA
n OCROB, to flag OCFOA 1 OCFOB tomoBeteital kot
€10l dSnuoupyeitat otnv €€0do maAuog PWM.
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Fast PWM Mode

focopwm = ik o/ (N x 256)

TCNTO OCRO

0C0

TOVO

— TOP

OCRO

OCO

TOVO

OCR

[oco

TOVO

_|BoTTOM

Xpnolyomoleitat ywo T dnpiouvpyilo oApatog akplBelog
PWM otnv emiBupntr) ouxvotnta Kol HE TO €mBUUNTO
Duty Cycle.

KaAeitat Fast PWM emneldr) n pEYLOTN ouxvotnta eival
SdutAaola ekeivng tou Phase Correct PWM.

Otav o petpntic TCNTO yivel iooc pe tov OCROA N
OCROB, 6a mpokalécel petaBoAny oto onua PWM
ocUUPWVA LE TOV TIPOYPOAUATIONO TIoU EXEL TtponynBel. O
Hetpntng TCNTO ouveyilel va peTpdel HEXPL TNV TR TOP
omnote tonobetei to flag unepyeiliong TOVO.
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Kartaxwpntég Tou Timer0

Timer/Counter Control Register A (TCCROA

COMOAL | COMOAD] COMODEB 1| COMOBO — — WOMO1|WGMO0
7 0

Timer/Counter Control Register B (TCCROB)

FOCOA|FOCOB| - — WGMO2| CS02 | CS01 | CS00
7 0

Timer/Counter Register (TCNT0)

7 0
Output Compare Register A (OCROA)

=  METPNTEG

7 0
Output Compare Register B (OCROB)

7 0
Timer/Counter Interrupt Mask Register 0 (TIMSK0/ 7 Evepyomnoinon dtakonwv 6tav TCNTO=0CROA r) OCROB
— — — - — OCIEOB| OCIEDA| TOIED Evspyonoinon Sdlakomwy cav Timer
7 0 , ,
Timer/Counter Interrupt Flag REgister 0 (TIFRO) / / Flag otav TCNTO=OCROA n OCROB
- — — |ocroB |ocFoA| TOvo 7= Flag unepxeiliong ocav Timer

7 0
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Prescaler Kataxwpntég TCCROA kai TCCROB tou Timer0

. Compare Ouiput Mode, non-PWM Mode Compare Output Mode, non-FP'WM Mode
C50[2:0] Clock Source COMUA[1:0] | Descripuon COMOB[1:0] | Description
000 Mong ] Normal, OC0A disconnected (114 MNormal, OCOE disconnected
001 clkyg 1 Topele OC0A on compare match ¥ Toggle OCOB on compare maich
010 clkyp/® 1o Clear CC0A on compare match 10 Clear OCOB on compare match
o1l Clkyg/64 1 Set OCDA on compare match I Set OC0B on compare match
Compare Output Mode, Fast PWM Mode Compare Output Mode, Fast F'YWM Mode
5 pd
10H) clipp/Belkyn/256 COMUOA[1:0] | Description COMOB[1:0] | Descrption
101 clkpg/Bclkyp 1024 [iC1] Mormal, OC0A disconnected L1 Mormal, OCOE disconnected
110 External clock on TO (falling edge trigger) o WGMO2 = 0: normal operation, 01 Reserved
11 External clock on T1 (rising edge trigger) OCOA disconnected
— — WGMO2 = 1: Toggle O:C0A on

. Com match
Timer/Counter Control Register B (TCCROB) + Clock Select + 10 |Clear OCOA on compare match, 10 |Clear OCOB on compare match,
FOCOA |FOCOB|  — - |woeMmoz| cs02 | S0l | CS0D set OCOA at Bottom sct OCOR at Bottom
I {non-inverting maode) (non-inverting mode)
7 I 0 11 Sct OC0A on compare maich, 11 Set 008 on compare match,
Timer/\Counter Control Register A (TCCROA clear OC0A at Bottom clear 008 at Bottom
COMOAT [COMOAD| COMOBI| COMOBD| WGMO1 | WGMOD {inverting mode) (inverting modc)
'/ Waveform Generation Compare ".-':"-“'I"-lt h.'In.dE, Phase Correct PWM ~ Compare Quipuot [\f‘[njlle, Phase Correct FPWM
Mode COMOA[1:0] [Description COMOB[1:0] [Description
. - oo Mormal, OC0A disconnected O Mormal, OCOB disconnected
Mode | WOMJ02:00] | Mode 01 WGMOZ = i normal operation, ol Reserved
0 000 Normal OC0A disconnectad
l [l PWM, Phase Correct WGMO2 = 1: Toggle OCA on
2 010 CTC compar: match
3 011 Fast PWM Clear OC0A on compare match, {1 Clear 0B on compare match,
4 100 Reserved o when upcounting. Set OCOA on when upcounting. Set OCDB on
5 101 PWM, Phasze Correct compare match when down counting compare match when down counting
6 1o Reserved Set OC0A on compare match, 11 Set OCOB on compare match,
, 11 when vpoounting. Set OC0A on when upcounting. Set OCOB on
7 Il Fast FWM compare match when down counting compare match when down counting




NMapadeiypa pe Tov Timer1 og Asitoupyia xpoviot) (Normal mode)

Bit 7 6 5 4 3 2 1 0
(0xB0) | COM1A1 | COM1AD | COM1B1 | COM1BO | - - | WGM11 | WGM10 TCCR1A
Read/Write RIW RIW R RN R RIW R
Initial Value 0 0 0 i} 0 0 0 0
WGM12 | WGM11 | WGM10 | Timer/Counter Mode of Update of | TOV1 Flag
=== | Mode | WGM13 | (CTCT) | (PWM11) | (PWM10) | Operation TOP OCR1xat | Seton
0 0 0 0 0 Normal OxFFFF Immediate MAX
1 0 0 0 1 PWM, Phase Correct, 8-bit 0x00FF | TOP BOTTOM
Bit 7 6 5 4 3 2 1 0 -
- 2 0 0 1 0 PWM, Phase Correct, 9-hit 0x01FF | TOP BOTTOM
{0x81) I ICNC1 ] ICEST | - | [WGM13 | WGM12 CS12 CS11 | CS10 TCCR1B .
_ 3 0 0 1 1 PWM, Phase Gorrect, 10-bit | 0x03FF | TOP BOTTOM
Read\Write RIW RW R RIW RW RIW RIW RIW -
4 0 1 0 0 cTC OCR1A | Immediate | MAX
Initial Value 0 0 0 W] 0 0 0 0
L} 5 0 1 0 1 Fast PWM, 8-bit 0x00FF | BOTTOM | TOP
\ 6 0 1 1 0 Fast PWM, 9-bit 0x01FF | BOTTOM | TOP
7 0 1 1 1 Fast PWM, 10-bit 0xQ3FF | BOTTOM | TOP
cs12 | csn CS10 | Description a . 0 o 0 | PWM Phaseand Frequency |y BOTTOM | BOTTOM
0 0 0 No clock source (Timer/Counter stopped).
PP 9 1 0 0 1 EE'::‘E“;:::“""SE and Frequency | nepga | BoTTOoM | BOTTOM
0 0 1 clk,o/1 (No prescaling)
10 1 0 1 0 PWM, Phase Correct ICR1 TOP BOTTOM
0 1 0 clk,/8 (From prescaler) 1 1 0 1 1 PWM, Phase Correct OCR1A | TOP BOTTOM
0 1 1 clk,-/64 (From prescaler) 12 1 1 0 0 cTC ICR1 immediate | MAX
1 0 0 clk,,/256 (From prescaler) 13 ! 1 0 ! (Reserved) - - -
14 1 1 1 0 Fast PWM ICAR1 BOTTOM | TOP
! 0 ! clk,/1024 (From prescaler) 15 1 1 1 1 Fast PWM OCRI1A | BOTTOM | TOP
1 1 0 External clock source on T1 pin. Clock on falling edge.
1 1 1 External clock source on T1 pin. Clock on rising edge.
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Bit 7 i 5 4 3 2 1 0
. e T ST E i ——————
(0xEF) I - - ICIET - - OCIET1E OCIET1A TOIET 1 TIMSK1
Readi\rite R R RW R E RN RwW RW
Initial Value 0 0 0 0 0 0 0 0

1

Timer/Counterl Overflow Interrupt Enable: Otav TOIE1=1 dnuioupyseital Stokomn HOALG O XPOVIGTAG i
HETPNTNG UTtEPXELALOEL.

Na ypadtel npoypappa to onoio va avapBoopBnivel to Led 13 kaBs popa mov unepyetAiletl o xpoviotng Timerl.
Na emleyet prescaler 256.

* O prescaler 256 smAéyetal av otov kataxwpnty TCCR1B tornoBetnBet iy 00000100 1) 0x4. AuTto onpaivel
OTL N ouxvotnta Asttoupyiag Tou xpovioth Oa eivat 16 MHz/256 = 62.5 KHz rj Oa petwvetal kabe 1/62500 =
16 pus. Emopévwg to Led 13 Ba aAAdlel kataotaon kaBe 65536 * 16 us ~=1s (O Timerl gival 16 bits kat
ETIOUEVWG UTtOPEL va petpioet amo 0 €wg 65535). M tnv akpifeta ivat 1.048576 s.

* O kataxwpntng TCCR1A tonoBeteital oe undevikn TLun €tol wote to mode va eival 0, dnA. Normal.

* To bit TOIE1 tou kataxwpnth TIMSK1 yivetat 1 yla va pmopet va evepyormoliostl SLaKomn otnv umepxeilon.

* Meta tnv untepxeilion kaAeital n YEA “ISR(TIMER1_OVF_vect)”.

* O MPOYPAUUATIOHOC TWV XPOVIOTWVY YLVETAL E TG SLAKOTIEG ATIEVEPYOTIOLNUEVEC.
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#include <avr/io.h> // AVR microcontrollers library
const int ledPin = 13;

void setup() {

pinMode(ledPin,OUTPUT);

// Timer1 initialization

nolnterrupts(); //disable interrupts. Also with cli().

// mode=NORMAL

TCCR1A =0;

TCCR1B =0;

// set CS12 bit of TCCR1B (prescaler=256)

TCCR1B |= (1 << CS12); // shift 00000001 to CS12 position
// equivalent: TCCR1B = _BV(CS12) --> 1<<CS12
// equivalent: bitSet(TCCR1B,CS12)

// enable TOIE1 of TIMSK1

bitSet(TIMSK1, TOIE1);

interrupts(); //enable interrupts. Also with sei().

}

void loop() {

}

ISR(TIMER1_OVF_vect) {

digitalWrite(ledPin, !digitalRead(ledPin));

// or PORTB A= _BV(PB5); --> PB5=pin 19 or digital pin 13
}

To mpoypappa sival tooduvapo pe to Blink to

omolo xpnowlomolel TNV xpovokaBuotEpnon
delay(1000), 6nAadn 1 s.
T npémet va yiveL wote autl N

XpovokaBuotépnon va yivel mepinov 4 s?

(p18)
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210 ponyoupevo napadeypa, pe CS12=1 n pe prescaler=256, o xpovog untepxeiliong nrav 1,048576 s. Tu
MTTOPOULE VA KAVOUHLE WOTE 0 XPOVOG QLUTOC VoL YIVEL aKpLBwG 1 s?

* Eivalr pavepod otL av o Timerl &ekivaye va HETPAEL AMO ML PEYAAUTEPN TIMA Kal OxL amod to 0, tote n
xpovokaBuotépnon Ba Atav Hkpotepn emeldr) Ba petpovoe Alyotepa BApata amd 65536. Emopévwe yla
xpovokaBuaotépnon 1 s o Timerl nmpénet va petprost 65536/1.048576 = 62500 Brijpata.

* Apa n TN ekkivnong tou dev Ba eivatl 1o 0 aAAd 1o 65535-62500 = 3035 ) to 0xOBDC.

* H Tt ekkivnong tou Timerl anoBnkevetat otov Kataxwpent) TCNT1 pe tnv evtoAr}: TCNT1 = 0xOBDC;

e JTO Mapamnavw npoypappo 6a tonoBetnBel oto setup() kat otnv YEA.
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Mapadeiypa pe Tov Timer1 og Asitoupyia CTC

H Aewtoupyia avtr Aéyetat CTC (Clear Timer on Compare match). O xpoviotn¢ avti va urtepxelAilel, ouykpivel kaOe
dopd TNV TR TOU HE TNV TIUA €VOC AAAou mpo-dpoptwpevou kataxwpentr (OCR1A). Otav ot dUo TIUES sival (OLeg,
ToTE TonoBeteital kanoto flag r; dSnuioupyeitol dtakom.

XpovokaBuotépnon = (Twun preset+1)/(16 MHz / prescaler). To +1 tomoBeteital otn ox€on umMoAoylopoU emeldn
otav 0 XPovloTtnG Pptacel otnv emBupunt TR Tou AAAou Kkataxwpnth, pndeviletat dnAadny kdvel €va KUKAO
TIAPATIAVW.

Emopévwe yla va dnuloupynBel xpovokaBuotépnon akpifeiag 1 s mpemel va SltaAé€oupe prescaler=256 kal va
doptwooupe tov kataxwpent) OCR1A pe tnv Twun: Twun preset = XpovokaBuotépnon * (16 MHz/256) -1, 6nAadn ue
TV T 62499.

Ye autnv TNV nepimtwon o xpoviotig Timerl tonoBeteital oe CTC mode (WGM12=1 tou TCCR1B) ko evepyormoLeital
1o avtiotowyo interrupt flag (OCIE1A=1 tou TIMSK1).

H YEA og auto to mode Asttoupyiag ivae n ISR(TIMER1_COMPA_vect).



Na ypadrtel npoypappa to onoio va avapBooBnivel to Led 13 kaBe 10 s xpnotponowwvtoag to CTC mode tou

xpoviotn Timerl.

#include <avr/io.h> // AVR microcontrollers library

const int ledPin = 13;
volatile int seconds=0;

void setup() {
pinMode(ledPin,OUTPUT);
// Timer1 initialization
nolnterrupts(); //disable interrupts. Also with cli().
// iniialize TCCR1A and TCCR1B
TCCR1A=0;
TCCR1B =0;
// set compare match register to desired value for 1 s delay
OCR1A = 62499;
// CTC mode
bitSet(TCCR1B,WGM12); // or TCCR1B |= (1<<WGM12);
// set CS12 bit of TCCR1B (prescaler=256)
bitSet(TCCR1B,CS12);
//TCCR1B |= (1 << CS12); // shift 00000001 to CS12 position
// or TCCR1B = _BV(CS12) --> 1<<(CS12
// enable OCIE1A of TIMSK1
bitSet(TIMSK1,0CIE1A);
interrupts(); //enable interrupts. Also with sei().

}

void loop() {

}

ISR(TIMER1_COMPA vect) {
seconds++;
if(seconds == 10){
seconds = 0;
digitalWrite(ledPin, !digitalRead(ledPin));
}
}

Me outov TOV  TPOMO  MMOPOUME  va
SNULOVPYNOOULE HEYAAEG XPOVOKOLOUOTEPNOELC.

(p19)
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Na ypadtel mpoypapipLa To OMoio Vo LETPA EEWTEPLKOVUC MAAMOUG otnVv icodo T1

To pin PD5 tou ATMega328 pmnopet va Asttoupyrjost oav eicodog T1 kat avtiotolyet oto digital pin 5 tou Arduino Uno.

Edv TCCR1A=0 kat TCCR1B=7 (CS12, CS11, CS10=1), n eloodo¢ T1 umopel va Sieyeipetal o avodouc MOAPWY. 2& KAOe
avodo maApoU to neplexopevo tou TCNT1 avéavetal kata 1.

Yuvbdéoupue To digital pin 13 pe to digital pin 5 kat kavoupe to Led 13 ON/OFF 10 ¢opég pe xpovokaBuotépnon 1 s.
Arnewovilou e to meplexopevo tou TCNT1 otn oslplakni 06ovn.

#include <avr/io.h> void loop() {
for (int i=0;i<10;i++) {
const int ledPin = 13; digitalWrite(ledPin,HIGH);
int count=0; delay(1000);
digitalWrite(ledPin,LOW);
void setup() { delay(1000);
Serial.begin(9600); }
pinMode(ledPin,OUTPUT); count=TCNT1;
// Reset Timer1 TCNT1=0;
TCCR1A=0; Serial.printin(count);
TCCR1B=0; }
// Program CS10, CS11, CS12=1 for rising edge
bitSet(TCCR1B,CS10);

bitSet(TCCR1B,CS11);
bitSet(TCCR1B,CS12);

} (p20)
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Input Capture Unit

To digital pin 8 punopei va Aettoupyrioet kat cav ICP1 (Input Capture tou Timerl).

Ye avutnv tn Asttoupyia, o ICR1 (Input Capture Register 1) doptwvetal pe tnv T tou TCNT1 6tav otov
akpodektn ICP1 epdaviotel n emBuUNTA AKUA.

H Aettoupyla autni xpnolpomoleital yia tn HETpnon TN Stapkelag mMaApwy, cuxvotntwy, PWM, KA.

Na utroAoyiotei n diapkeia Twv ON kai OFF evég PWM 1traApou otnyv gicodo ICP1

ZUAANYN TWV AKHWV O po Tepiodo
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Zuvdeoupe to digital pin 13 pe to digital pin 8 otov Arduino Uno kat 8nptoupyoupe pia mepiodo pe T,,=100 ms kat T;=200 ms.
EvepyormnotloUpue tov Timerl, tn povada ICP kat tig Stakomeg mou ta adopouv.

AviXveUOUE TNV Ak avodou kat amoBnkevoupe tnv Tiun tou ICR1 (captl).

AvixveUoupEe TNV akun kabodou, amoBnkevoupe tn veéa Tt tou ICR1 (capt2) kat tig popég mou o Timerl €xel urtepxelhiosl (tov_1).
AviYVEUOUE TNV Ak avodou, amoBnkeVou e tn veéa tiur) tou ICR1 (capt3) kat tig popéc mou o Timerl €xel umtepxelhiosl (tov_2).
T, = (capt2-captl)+tov_1* 65536 kot T, = (capt3-capt2)+tov_2* 65536

Eneldn dev xpnotpomnoleital prescaler, o kataxwpntig TCNT1 umepxelAilel adol petprnoel 65536 meplodoug poloylou T (T=1/f=1/16
MHz).

To flag ICES1 tou TCCR1B kaBopilel tTnv akun He tnv onoia dieysipetan n eicodog ICP1. Edv ICES1=0 n eloodog dieyeipetan pe
ntwon naApol evw gav ICES1=1 Sieyeipetat pe avodo maApou.
H 8iéyepon tonoBetel to avtiotowo flag ICF1 kot Snuioupyel Stakonn av to flag ICIEL sivon evepyomnownpévo otov TIMSK1.

H unepxeilion dnuovpyei Stakonn av to flag TOIE1L eival evepyomnotnpévo otov TIMSK1.
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#include <avr/io.h>

const int ledPin = 13;

const long intervall = 100;

const long interval2 = 200;

volatile unsigned long tov_1, tov_2; //overflows counters

volatile unsigned long capt1, capt2, capt3; //TCNT1 values for each capture

volatile int flag=0; //defines the edge

void myDelay(long interval) {
unsigned long previousMillis = millis();
while (millis() - previousMillis < interval) {

}
}

void setup() {
Serial.begin(9600);
pinMode(ledPin, OUTPUT);
digitalWrite(ledPin,LOW);
nolnterrupts();
//Set Initial Timer value
TCNT1=0;
//Enable first capture on rising edge
bitSet(TCCR1B,ICES1);
//enable capture and overflow interrupts
bitSet(TIMSKZ1,ICIEL);
bitSet(TIMSK1,TOIE1);
//Start timer without prescaller
bitSet(TCCR1B,CS10);
interrupts();

digitalWrite(ledPin,HIGH);

myDelay(intervall);

digitalWrite(ledPin,LOW);

myDelay(interval2);

digitalWrite(ledPin,HIGH);

while(1) {

//calculate TH and TL

if (flag==3){
long th = capt2-captl+tov_1*65536;
long t = capt3-captl+tov_2*65536;
long tl=t-th;
Serial.print("CAPT1=");  Serial.printin(captl);
Serial.print("CAPT2=");  Serial.println(capt2);
Serial.print("CAPT3=");  Serial.printin(capt3);
Serial.print("OVERFLOW-1="); Serial.printin(tov_1);
Serial.print("OVERFLOW-2="); Serial.printin(tov_2);
Serial.print("TH=");  Serial.printin(th);
Serial.print("T=");  Serial.printIn(t);
Serial.print("TL=");  Serial.printin(tl);
//clear flag
flag=0;
//clear interrupt flags to avoid any pending interrupts
bitClear(TIFR1,ICF1);
bitClear(TIFR1,TOV1);

104



void loop() { }
//capture the edges
ISR(TIMER1_CAPT vect) {
if (flag==0){
//save captured timestamp
captl=ICR1;
//reset overflows
tov_2=0;
//enable capture on falling edge
bitClear(TCCR1B,ICES1);
}
if (flag==1){
capt2=ICR1;
//save first overflow counter
tov_1=tov 2;
//change capture on rising edge
bitSet(TCCR1B,ICES1);
}
if (flag==2){
capt3=ICR1;
//stop input capture and overflow interrupts
bitClear(TIMSK1,ICIE1);
bitClear(TIMSK1,TOIE1);
}
//increment Flag
flag++;

}

//Overflow ISR

ISR(TIMER1_OVF_vect){
//increment overflow counter
tov_2++;

}

(p21)

£ COM3 (Arduino/Genuino Mega orWleg.. — =

Send

CLRFT1=0
CRFT2=537
CRFT3=37
OVERFLOW-1=50
OVERFLOW-2=148
TH=3276837
T=969393485
TL=08422468

Autoscroll Mo line ending

Na vurtoAoyiotoUv ot xpovol HIGH kat LOW.

2&00 baud




BiAiIoBnkeg yia Toug Timers/Counters

Timer0 = SimpleTimer (http://playground.arduino.cc/Code/SimpleTimer)

Timerl = Timerl (http://playground.arduino.cc/Code/Timer1)

Timer2 - MsTimer2 (http://playground.arduino.cc/Main/MsTimer2) n

= FlexiTimer2 (http://playground.arduino.cc/Main/FlexiTimer2)
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SPI — Serial Peripheral Interface

Z0yxpovn Zeplokn) Metadoon Sedopévwv

Xpnon twv evtoAwv shiftOut() kat shiftin()

Xprion tn¢ BLBAL0ORKNG <SPI.h>

SLK
MOs
MIS0
551
552

SPI Master

5P1 signal Standard Arduino board
1-MISO ©®®) 2-+Vce SCLK (clock) 13
g ggget lr—g g: g i gnOdSI MISO (dataout) 12

-

shiftOut(dataPin, clockPin, bitOrder, value) /

byte incoming = shiftin(dataPin, clockPin, bitOrder)

S M M

C 0|

L 5 s

K | 0
SPI Slave

o Pl

MM
0|
§ s
10
SPI Slave

[N

MOSI (data in) 1
55 [slave select) 10

Arduino Mega
52
50
51
53

MISO — Master In Slave Out
MOSI — Master Out Slave In
SCLK — Kowo poAdi cuyxpoviopou

SS - Slave Select, emiloyn nepidpepeLakov

oav Slave

MSBFIRST ] LSBFIRST
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Clock samples

T T
Master Device Slave Device L l l l l l’ l l
MISO MISO
SP1 Data Register (SDR) (PB6) (PB6) SPI Data Register (SDR) MOSI 1lo(1|e o|1]e |1
MSB LSE M5B LSR |
NIOST MOST ™ = 1 [ wn
(PBR5) (PB3) Iy ‘ —_
fscn SCK shift H  Miso 010 @ejtje 60 )
clock =] SP1 Clock Gene enable gy < 5
CHIOC i O encrator 5':-]\‘ SCK E m
(PBT) (PBT)
SP1 Status Register (SPSR) SCK
SPI Control Register (SPCR) 55 e SS
(PB4) (PB4) T
f.—l— frF

To SPI evepyomnoleitat otav poptwOel €va byte otov Master SDR.

Kowo poAdi = ZUyxpovn petadoon. e 8 avodouc 1 kaBodoug poloylou £xel petakivnBel £va byte amnod tov
Master otov Slave kat éva byte amno tov Slave otov Master.

MOALG oAokANpwOEL N HeTakivnon tou evog byte tomoBeteital to flag SPIF otov Master kot otov Slave (SPI
Interrupt Flag) mou Bpioketal otov kataxwpnti SPSR.

MeyaAn taxvtnta petadoonc Sedopévwy o oxéon pe to UART 1 to 12C.

1UZ



Clock Polarity | Clock Phase
(CPOL) (CPHA)

H BiBA100AKN <SPl.h>

SPISettings(frequency, bitOrder, spiMode)
frequency — 16000000 yia tn cuyvotnta tou Arduino.
bitOrder — MSBFIRST i LSBFIRST
spiMode — Onwg otov MNivaka

SPl.beginTransaction()

SPl.transfer() - Mpwv Vv kARon to pin SS tou Slave npénel va yivet LOW kal apECwWE PETA TNV
KAT]OT] T[pET[EL va leEL HlGH Mode O (polarity 0, phase 0) Mode 2 (polarity 1, phase 0)
SPl.endTransaction() Pidbiedd SR ERRRRER

. Tt

w

SPI_MODEO Falling
SP|_MODE1 0 1 RISIng Mode 1 (polarity 0, phase 1) Mode 3 (polarity 1, phase 1)
SPI_MODE2 1 0 Falling bvvdbeld SRR

SCK

Rising e ||||||||||||||||
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Mapadeiypa SPI: 20vdeon d0o Arduino Uno

Master fritzing
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SPCR
I 7 | & | 5 | 4 | 3 I 2 I 1 | @ I
| SPIE | SPE | DORD | MSTR | CPOL | CPHA | SPR1 | SPRO |

SPI2X SPA1 SPRO SCK Frequency

SPIE - Enables the SPI interrupt when 1 0 0 0 1.4
SPE - Enables the SPI when 1 0 a 1 T 16
i ) 0 1 0 f,./64
il 1 1 f,./128

1 0 ] f.2

B T 1] 5 i 3 z 1 0 1 0 1 1,8
m [weor | - | - | - | - | - | sPax SPER 1 1 o foec/32

FandWirite 0 G H A A 0 A W 1 1 1 f, /64

inital Value o 0 0 o 0 0 0 o Frequency Divider
Zevaplo-1

* O Master otéAvel otov Slave plo oglpd amod XapaKTiPEC.
* O Slave Aappavel Toug xapaKTrpPeC Kal Toug tonoBetel og €vav buffer.
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Master code

#include <SPl.h>
char msg[]="SAM-Arduino\n";

void setup (){
digitalWrite(SS, HIGH); // disable slave
SPl.begin();

}

void loop (){
// send test string
for (int i=0;i<12;i++){
// enable Slave Select
digitalWrite(SS, LOW);
SPI.transfer(msgli]);
// disable Slave Select
digitalWrite(SS, HIGH);
}
delay (1000); // 1 seconds delay
}

(P22m)
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Slave code

#include <SPI.h>

char buf [100];
volatile byte pos;
volatile boolean process _it;

void setup (void){
Serial.begin (115200);
// turn on SPI in slave mode
bitSet(SPCR,SPE);
// have to send on master in, *slave out*
pinMode (MISO, OUTPUT);
// get ready for an interrupt
pos =0; // buffer empty
process_it = false;
// now turn on interrupts
bitSet(SPCR,SPIE);

// SPI interrupt routine
ISR (SPI_STC vect){
byte c = SPDR; // take byte from SPI Data Register
// add to buffer if there is space
if (pos < sizeof buf){
buf [pos++] =c;
// newline means the end of the buffer
if (c=="\n")
process_it = true;
}
}

void loop (void){
if (process_it){
buf [pos] = 0;
Serial.printin (buf);
pos =0;
process_it = false;
}
}

(p22s)
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Zevaplo-2

o_n
S

* O Master oteAvel otov Slave tnv evtoAn “a” (mou onpaivel add) i tnv evioAn (mtou onpaivel subtract)
kot 4 bytes.
* O Slave npocBeteL ) adaipei ota 4 bytes Eva cUYKEKPLUEVO apLBUO (TT.X. TpooBEtel To 15 N adatpel to 8)

Kol OTEAVEL oToVv Master To anotéAeopa TS npaéng to omnolo epdaviletal otn Zeptakn OBOvN Tou.



Master code

#include <SPI.h>

void setup (void){
Serial.begin(115200);
Serial.printIn("Start SPI...");
digitalWrite(SS, HIGH); //ensure slave not selected

SPl.beginTransaction (SPISettings (16000000, MSBFIRST, SPI_MODEDO0));

}

byte transferAndWait (const byte what){
byte a = SPl.transfer (what);
delayMicroseconds (20);
return a;

}

void loop (void){
byte a, b, c, d;
digitalWrite(SS, LOW); // enable Slave Select
transferAndWait('a'); // add command
transferAndWait(10);
a = transferAndWait(17);
b = transferAndWait(33);
¢ = transferAndWait(42);
d = transferAndWait(0);
digitalWrite(SS, HIGH); // disable Slave Select

Serial.printIn("Adding results:");
Serial.printin(a, DEC);

Serial.printin(b, DEC);

Serial.printin(c, DEC);

Serial.printin(d, DEC);

digitalWrite(SS, LOW); // enable Slave Select
transferAndWait('s'); // subtract command
transferAndWait(10);

a = transferAndWait(17);

b = transferAndWait(33);

c = transferAndWait(42);

d = transferAndWait(0);

digitalWrite(SS, HIGH); // disable Slave Select
Serial.printIn("Subtracting results:");
Serial.printin(a, DEC);

Serial.printin(b, DEC);

Serial.printin(c, DEC);

Serial.printin(d, DEC);

delay (1000);

(P23m)




Slave code

// command for incoming data
volatile byte command = 0;

void setup (){
// slave sends data with MISO
pinMode(MISO, OUTPUT);
// turn on SPI in slave mode
bitSet(SPCR,SPE);
// turn on interrupts
bitSet(SPCR,SPIE);

}

void loop (){
// if SPI not active, clear current command
if (digitalRead (SS) == HIGH)
command = 0;

}

(p23s)

// SPI interrupt routine
ISR (SPI_STC_vect){
byte c = SPDR;
switch (command){
// first dummy byte
case O:
command =c;
SPDR =0;
break;
// add to incoming byte, return result
case 'a":
SPDR =c +15; //add 15
break;
// subtract from incoming byte, return result
case's":
SPDR=c-8; //subtract 8
break;
}
}
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2 e1p1aK 006vn

Adding results:
25
32
48
=

Subtracting results:

2
9
25
34

NMaparnpRoeig

O Master otéAvel: “@” 210 2> 17 >33 242> 0

Otav o Master oteilel To “a@” Ba mapel tiow tnv TLr) SPDR tou Slave mou
elvat 0. O Slave naipvel to “a” kal 1o amoBbnkevel command=“a".

Otav o Master oteilel To 10 Ba mapel ntiow To O.

Otav o Master oteileL To 17 Ba mapel niow To aBpotopa 10+15.

Otav o Master oteilel 1o 33 Ba apel miow to dBpolopa 17+15.

Otav o Master oteilel To 42 Ba apel tiow To aBpotlopa 33+15.

Otav o Master oteilel To 0 Ba mapel miow To dBpolopa 42+15.

Emopévwg npEnel va otelAoupe Eva entt mA€ov dedopévo (dummy) yua va
TLAPOUHE TIiow To TeAeuTaio eEmBuunto.

Eni mAéov mpémeL va xpnowiomowjocoupe otov Master o
XxpovokaBuotépnon (m.x. 20 us) yia va pnopei va avtanokplbei o Slave.
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I2C (Inter-Integrated Circuit) — NMpwtokoAAo tng Philips yia tnv amAomoinon cUvOEoNG CUGKEUWV.

AVUo ypappeg ouvdeonc — SDA yia ta Sedopéva kat SCL yia To poAdi cuyxpovIoHoU TIou TtopAyeTaL amno tov Master.
Fpappéc “Open Drain” = 2 avtiotaoslg ano 2 KQ ( taxvtnta 400 kbps) €éwc 10 KQ (taxvtnta 100 kbps).

Ta pins mou xpnotpomnolel o Arduino givat: A4 = SDA kot A5= SCL

Master_DL Slave_0O2 Slave_0O3 2X4 7 KQ

i

SCL

OxkLA 5V

Slave_01 Master_0O2
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MaApog Evapéng Le akun mtwong (Start).

AlevBuvon cuokeunc Slave (7 bits) pe mpwto to MSB 2 €wc 128 cuoKeUEG.

Bit yiat €voelén avayvwong f eyypadng (R-/W).

JuvOnkn yvwotonoinong AnPng (ACKnowledge) pe HIGH i un Aqdng (NACK-Not ACKnowledge) pue LOW.
AlevBuvon ecwteplkol kataxwpentn (8 bits).

Aebopéva 8 bits kaBe popa ta omoia akoAouBouvtal mavta amno eva ACK.

MoApOC TEAOUC pe akpn avodou (STOP).

8 bits sequence 8 bits sequence 8 bits sequence
_:—'_'-FFAH-\_‘-‘—\_
/ I
__ A | 07| 6| D5 pa| b3 p2[ 01| 00| A IS
Start Device (Slave) Address Ack. Internal Register Address Data Stop
Start Acknowledge / Not Acknowledge Stop
condition Read / Write condition
I 7 bits Device Address I 8 bits Register Address Data \
.-"'_'_'_'_F'—A —-”A‘“-—__
(_’—/K = X

T:;WJJGBWMW%IFL | \Refaak fﬁ |t Lf
_ |I 'ULH 'UuU' Jll._.lrll_ll-lLllrl [LIH |' | | l'._l ||_”| |U| |U| || e
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7 bits Device Address 8 bits Register Address Data
. . N B L __d_pf“*-__ i . S
SDA - |’fJ1D1UDf\1 0 0 1 100

i\ e 0T\ 00\ PARE 2
L__jlj".l".ﬂ rl|—H—" UYL r'lﬂfl 'r”VL,'Fl'iH lmﬂlﬂl '_ltﬂ'l |

For Example: ADXL345 Accelerometer SRy
Device Address: 0x53 or 0101 0011 (read mode, Bth bit high): Intemal Register Address for the X Axis:

Dx32 or0gl) oo}

To emutaxuvolopetpo ADXL345 €xel pia povadikn StevBuvon 0x53 Kal TPELS ECWTEPLKOUE KATOXWPNTEC OTOUG

ornoloug amoBbnkevovtal Ta dedopéva yla TNV ENLTAXUVVon otouc 3 afoveg X, y Kat z. H ecwteptkr) StevBuvon tou
Kataxwpntn x eivat 0x32.

H amootoAn 4 AP n dedopévwy e€aptatal amo Tov maApo R-/W.
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H BiBA100QRKkN <Wire.h>

O ATMega328 dlab<tel tn povada TWI (Two Wire Interface) n omoia Staxetpiletat tnv enikowvwvia 12C.
H Swadkaoia emikowvwviog Baoiletal otn petadoon debouevwv o popdn bytes pe t dnuouvpyla
Stakomng otav autr) oAokAnpwBel. Me autov tov tpomo n MCU pmopel va aoxoAnBel pe kamota aAAn
Sdtadkaoia.

H BBALoBrkn <Wire.h>, avtiBeta, deopelel tnv MCU otn Stadikaoia 12C péxpt autr va oAoKAnpwoOeL.
Edv auto dev eival emBupnto, TOTE N eMIKOWVWVIA TIPETEL VAL YIVEL LE KATAAANAECG EVTOAEC KAl Xprion TwvV
EOWTEPLKWYV KATOXWPNTWV TG Hovadag TWI.



Zuvaptnoelg yia couokeu Master — AltootoAn de6opévwv

Wire.begin()

Wire.begin(address)

Wire.beginTransmission(address)

Wire.send(value)
Wire.send(string)
Wire.send(data, quantity)

Wire.endTransmission()

Wire.requestFrom(address, count)

H evtoAn auti kaAel tn ouvaptnon twi_init() n omola apywormnolel tnv
erukowvwvia 12C. MNpémnel va Bpiloketat oto setup().

ApxLkomoinaon tng emkowvwviag 12C B€tovtag tov Arduino cav Slave pe pia
pnovadikn avBaipetn StevBuvon 7-bits.

Inuatodotel TNV €vapén amootoAng Sedouévwy o pa cuokeun Slave n
orola £xeL CUYKEKPLUEVN SlevBuvon.

Eyvpadn 6edopévwv otov buffer yia amootoAry otn cuokeun Slave, o€
nopdn byte n string ) bytes pe dedopévo pnkog pexpt to BUFFER_LENGTH
TO ormolo gival péyloto 32.

ATooToAr otn cuokeun Slave kat Anén tng EMKOWVWVIOG UE ATTOTEAECHAL:

0 = Emtuxng amootoAn SeS0UEVWV.

1 = AntooToAn eplocotEpwy Twv 32 bytes.

2 = AqPn NACK peta tnv amootoAn tng devBbuvong tou Slave. AdBog
SevBuvon n o Slave dev umtapyxet. O Master npémnel va oteilel STOP.

3 = AqPn NACK peta tnv amootoAny dedopévwyv. O Master mpenel va
otelAel STOP 1 va Eekivrjoel taAL pe START.

4 = Kamotwo aAAo opaApa emikovwviag €xel cupPEL.

O Master {nta amo tov Slave pe StevBuvon address va tou oteilel count
aplOuo bytes mou dev mpémnel va unepPaivouv ta 32.

124



Zuvaptnoelg yia cuckeunl Master — Afdn dedopcvwv

O Master {nta amnod tov Slave pe dtevBuvon address va tou oteilel count

Wire.requestFrom(address, count) , , )
aplBuo bytes mou dev mpemel va untepPaivouv ta 32.

Emotpédel tov aplBuod twv bytes mou undpyouv otov buffer tng Wire. O
buffer autdg yeupilet pe ™ pEBodo requestFrom() n ™ HEBOSO

Wire.available() onReceiveService(). H tehevtaia koAeital petd amd amootoArj STOP A
enavalappfavopevwyv START ano tov Master.

Wire.receive() Enotpédel to emopevo byte anod tov buffer tng Wire.

ZuVapPTAOELS YLa CUOKEUN Slave

KaAel tn ouvaptnon handler otav n ocuvokeuny Slave AaBet dedopéva. H
nopdn tng eivat: void handler (int byteCount), 6mou byteCount eival o
aplOpoc twv bytes mou €xouv AndBel. Itov handler xpnolpomnoteital n
HEBodoC¢ receive() yla dtaBaopa twv SedSopEvwy.

Wire.onReceive(handler)

KaAel tn ouvaptnon handler otav n ouokeury Slave B€AeL va otellel
d6ebopéva. H popdn tng eivat: void handler (). Avtamokpivetal étav o
Master €xetL oteilel St1evBuvon Slave kot Read kat xpnotpomnolel tn péBodo
send() yla va yepioesl tov buffer.

Wire.onRequest(handler)
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20vdeon duo Arduino péow 12C

* H ouvbeon mpaypatomnoleltal evwvovtag Petal toug ta A4, A5 kat Ground. Aegv xpetalovtal aviiotaocelg pull-up
ylati n BLBALOONKN eveEPYOTIOLEL TIC EOWTEPLKES TWV SUO aKPOSEKTWV HE TN ocuvaptnon begin().

* O Master otélvel ) 6éxetan dedopéva amo tov Slave pe oclyxpovo TPOTMo UE T Xprnon Twv pebodwv send()/write()
N receive()/read().

O Master otéAvel dedopéva otov Slave O Master déxeran dedopéva arrd Tov Slave

void setup(){ void loop(){

// Start 12C bus as master // Request data from slave

Wire.begin(); Wire.beginTransmission(SlaveDeviceld);
} int available = Wire.requestFrom(SlaveDeviceld, 2);

if (available==2){

void loop(){ int receivedValue = Wire.receive()<<8 | Wire.receive();

int input=analogRead(AnalogPin); Serial.printIn(receivedValue);

// Send two bytes to slave }

Wire.beginTransmission(SlaveDeviceld); else{

Wire.send(input >> 8); //MSB digit Serial.print(“Unexpected number of bytes received=");

Wire.send(input & OxFF); //LSB digit Serial.printIn(available);

Wire.endTransmission(); }

delay(1000); Wire.endTransmission();
} delay(1000);

}
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* O Slave Aettoupyel acuyypova péow Twv peBOdwv emavakAnong onReceive() kat onRequest() yta va AdfeL i va
oteilel bedopéva otov Master Kot LETA armo evioAn tou Master.

O Slave déxeral dedopéva atrd Tov Master

const byte SlaveDeviceld = 1;

void setup(){
// Start 12C bus as a slave
Wire.begin(SlaveDeviceld);
// Set the callback method when data received
Wire.onReceive(receiveCallback);
// Watch received data
Serial.begin(9600);

}

void loop(){ }

void receiveCallback(int byteCount){
if (byteCount==2){
int receivedValue = Wire.receive() << 8 | Wire.receive();
Serial.printIn(receivedValue);
}
else{
Serial.print(“Unexpected number of bytes received=");
Serial.printIn(byteCount);
}
}

O Slave oTéAvel dedopéva otov Master

const byte AnalogPin = 0;
const byte SlaveDeviceld = 1;

void setup(){
// Start 12C bus as a slave
Wire.begin(SlaveDeviceld);
// Set the callback method when data requested by Master
Wire.onRequest(requestCallback);

}

void loop(){ }

void requestCallback(){
//read & transmit to Master the analog reading from AQ
int input = analogRead(AnalogPin);
// To send multiple bytes fill your own buffer and send it all at once
uint8_t buffer[2];
buffer[0] = input >> §;
buffer[1] = input & Oxff;
Wire.send(buffer, 2);
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Mapdadeiypa 12C: 2ovdeon pviung EEPROM otov Arduino

Oa xpnotpomnotnBel n pvnun 24C256 n onola €xetL ywpntikotnta 256 kbits 1 32 KB.
Yuvdeon twv SDA kot SCL ota avtiotowa pins tou Arduino (A4 ko A5).

2Uvbeon tou WP oto Ground = Emwtpemetal n eyypadr) tng EEPROM.

H &tevBuvon tou oAokAnpwuévou sival “0101A2A1A0” Kol EMOUEVWE UTTOPOUV VA
ouvdeBouv pExpL 8. Eav A2A1A0=000, tote n SievBuvon eival 0x50 (povo ta 7
ALlyOTEPO ONUOVTLKA armootéAAovtal otov Slave).

PDIP/SOIC
L
p— A0 [ |3 g 6| ] SCL =—> Arduino SCL (A5)
v Vss [ |4 « 5[] SDA =——> Arduino SDA (A4)
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#include <Wire.h>
#define eeprom1 0x50 //Address of 24LC256 eeprom chip

void setup() {
Serial.begin(9600);
Wire.begin();
unsigned int address = 0;
writeEEPROM(eeprom1, address, 123);
Serial.print(readEEPROM(eeprom1, address), DEC);

}
void loop(){ }

void writeEEPROM(int deviceaddress, unsigned int eeaddress, byte data) {
Wire.beginTransmission(deviceaddress);
Wire.send((int)(eeaddress >> 8)); // MSB
Wire.send((int)(eeaddress & 0xFF)); // LSB
Wire.send(data);
Wire.endTransmission();
delay(5);

byte readEEPROM(int deviceaddress, unsigned int eeaddress ) {

byte rdata = OxFF;
Wire.beginTransmission(deviceaddress);
Wire.send((int)(eeaddress >> 8)); // MSB
Wire.send((int)(eeaddress & OxFF)); // LSB
Wire.endTransmission();
Wire.requestFrom(deviceaddress,1);
if (Wire.available())

rdata = Wire.receive();

return rdata;

}

(p24)
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©® proc | Processing 3.2.1

File Edit Sketch Debug Tools Help

vold setup(){
51ze(5600,200); //window size in pixels (c

smooth(); [ /smoother graphics
fill(e); //text color=black o procl - O
textFont{createFont("SansSerif",26));

textAlign(CENTER) ;
noLoop(); fldraw() is executed once

oid draw(){

w:ex:{"Th'i*:- is SAM course in 5th semester!", widths2, height/2); This iS SAM Course in 5th Semester!

Problem Tab Line

(proc1)

EM console A Errors
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® proc2 | Processing 3.2.1
Eile Edit Sketch Debug Tools Help

=1ze(500,500) ;

2 noLoop();
4 N
void draw(){

int x=20;

int y=height/2;

float rads;

int f=l@b;

background(255,255,255); //white background color (

1ine(20,18,20,490);

line(20,height/2,480,heightf2); /[/x-axis
for (rads=0;rads<=2+PI;rads+=0.08L1){
point{x,y-sin(rads=f)+10@);

EM console A\ Errors

proc2

(proc2)
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AtrooTtoAn dedopévwy atrd Tov Arduino oto Processing

int x=0; import processing.serial.*;
void setup() { Serial myPort;  // Create object from Serial class

Serial.begin(9600); int portindex = 0; // set this to the port connected to Arduino
} i .

void setup(){ Connecting to ->

void loop() { printin(" Connecting to ->" + Serial.list()[portindex]);

Serial.printIn(x); myPort = new Serial(this, Serial.list()[portindex], 9600);

X++; myPort.bufferUntil("\n');

delay(2000); }
}

void draw(){}

(p25) void serialEvent(Serial myPort){ EH console A Erors
String str=myPort.readStringUntil('\n');
print(str);

}

(proc3)
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Mapadeiypa: AtrootoAn dedopévwy atrd Tov Arduino oto Processing

* O Arduino otéAvel oslplaka €vav Header kat SUo tuyaioucg aképatouc aplBpouc amo 0 €wg 400.
* To Processing Tou¢ Maipvel oeLpLaka Kol oxnuatilel éva opBoywvio mapaAANAOypopHO.

int val;

void setup(){
Serial.begin(9600);
}

void loop(){
Serial.print('H'); // send a header character
// send a random integer
val = random(400); // random number between 0 and 400
// send the two bytes that comprise an integer
Serial.write(lowByte(val)); // send the low byte
Serial.write(highByte(val)); // send the high byte
// send another random integer
val = random(400); // random number between 0 and 400
// send the two bytes that comprise an integer
Serial.write(lowByte(val)); // send the low byte
Serial.write(highByte(val)); // send the high byte
delay(5000);

import processing.serial.*;

char HEADER = 'H';
int vall, val2; // Data received from the serial port

Serial myPort; // Create object from Serial class
int portindex = 0; // set this to the port connected to Arduino

void setup(){
size(500,500);
printin(" Connecting to -> " + Serial.list()[portindex]);
myPort = new Serial(this, Serial.list()[portIndex], 9600);
myPort.bufferUntil("\n');

}

(p26)
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void draw(){
// read the header and two integers (5 bytes)
if ( myPort.available() >= 5){
if( myPort.read() == HEADER){ // is this the header?

vall = myPort.read(); // read the LSB of first integer
vall = myPort.read() * 256 + vall; // add the MSB
val2 = myPort.read(); // read the LSB of second integer

val2 = myPort.read() * 256 + val2; // add the MSB
printIn("Message received: " +vall +"," + val2);

}
}
background(255); // set background to white
fill(0); // set fill to black

// draw rectangle with coordinates based on the integers received from Arduino
rect(0, 0, vall,val2);

(proc4)
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ATTo0TOAR dedOopéEVWY aT1Td TOV Arduino Kal ARyn ME aTTOBNKEUON O€ apXEio

* Xpnoiwuomoleital to mpoypappa (p26) yia tov Arduino.

* To Processing Kataxwpel TLG TILEG OE OPXELO E OVOUA TNV TPEXOUCA NUEPOoUNVia Kal wpa. To amoBbnkevel otov i8Lo pakeAo e TO

sketch poALg matnBel éva omolobrmote MANKTPO.

import processing.serial.*;

import java.util.Date;

import java.text.DateFormat;
import java.text.SimpleDateFormat;

PrintWriter output;

DateFormat df = new SimpleDateFormat("ddMMyyyy_hhmm");

DateFormat tf = new SimpleDateFormat("hh:mm:ss");
String fileName;

Serial myPort;  // Create object from Serial class
short portindex = 0;

char HEADER ="'H";

void setup(){
size(200, 200);
// Open the serial port is connected to Arduino.
String portName = Serial.list()[portIndex];
printin(" Connecting to ->" + portName);
myPort = new Serial(this, portName, 9600);
Date now = new Date();
fileName = df.format(now);

output = createWriter(fileName + ".csv"); // save file in sketch folder

void draw(){
int vall, val2;
if ( myPort.available() >=5){ // wait the entire message
if( myPort.read() == HEADER){ // is this the header
String timeString = tf.format(new Date());
output.print(timeString);
vall = myPort.read(); // read the LSB of first integer
vall = myPort.read() * 256 + vall; // add the MSB
val2 = myPort.read();
val2 = myPort.read() * 256 + val2; // add the MSB
printIn("Message received: " + vall +"," + val2);
output.print("," + vall +"," + val2);
output.printin();
}
}
}

void keyPressed() {
output.flush(); // Writes the remaining data to the file
output.close(); // Finishes the file
exit(); // Stops the program

}

// read the LSB of second integer

(procb)
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£z 20082016 _0610.csv 20/8/2016 611 pp ApyElo T SLOYLI PLEHEY LIV PE KOO T, 1 KB
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2016 810 pp PDE File 2 KB

AVOLYHO GOV €SV m——— L

06:10:48,7,49

2 |068:10:50,73,58
3 |06:10e52,130,72
4 |06:10:54,344,78
5 |06:10:56,323,109
6 06:10:58,40,165
Console ﬂ Errors , , 7 |06:11:00,92,242
Tithog ypadnuatog 5 06:11:02,387,103
600 9 |06:11:04,227,129
<00 10 |06:11:06,40,212
400
300 A B C D
oo 1 | 5:10:4s_| 7 49
2 6:10:50 73 53
100 3 6:10:52 130 72
. 4 6:10:54 344 78
6:10:48 6:10:50 6:10:52 6:10:54 6:10:56 6:10:58 6:11:00 6:11:02 6:11:04 6:11:06 5 6:10:56 323 109
, , 6|  6:10:58 40 165
Jewpal Tepa2
7 6:11:00 92 242
8 6:11:02 387 103
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Juvdeon Arduino
ue to Matlab



XPHzH TOY SIMULINK T'IA £YNAEZH ME TON ARDUINO UNO

Matlab R2013a
Anploupyoupe €va account otnv Mathworks
Add-Ons = Get Hardware Support Packages = Arduino

Napadsypa 1 — 06Qynon evog LED pe yevvtpla maApwyv (matl.six)

Matlab = Simulink Library = Simulink Support Package for Arduino Hardware

Matlab = New - Simulink Model - mat1.slx

JUpoupue amnod to “Simulink Support Package for Arduino Hardware” to pmAok “Digital Output” oto matl

YUpoupe amno to “Sources” éva “Pulse Generator”

ZUpou e amnod to “Sinks” éva “Scope”

To path Tou Matlab nipémet va deixvel tov pakelo Tou mapadelypatog

matl = Tools = Run On Target Hardware = Prepare to Run r} Options = Target Hardware: Arduino Uno = Set host COM port:
Manually 2 COM port number: 3 (H COM mou £xeL cuvdebel o Arduino)

matl = Tools = Run On Target Hardware = Run

To avtiotolyo mpoypappa poptwvetal otov Arduino kot eKteAeital

ZupuBouAcuteite to apxeio “XYNAEZH TOY MATLAB ME TON ARDUINO UNO.docx” yLa meploocOTteEPEG AEMTOUEPELES



*a

File Edit View

b - 8

Model Browser ~= matl
mat1 @® |[Pa]matt -
e ARDUING
— 1l L | | | |
Puke Pin2
Generator Diigital Cutput
o]
Scope
«
ode3

matl

Display Diagram  Simulation

@B EOP >0 @

Analysis Code Tools Help

‘i

<)) Scope* - u

IR L LI R

Time offzet. 0

b |

Model successfully downloaded to 'Arduing W 100%
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Napadsiypa 2 — Avayvwon TOTEVOLOUETPOU (mat2.six)

New - Simulink Model kat to anobnkeVoupe pe to ovopa “mat2.slx”

Simulink Support Package for Arduino Hardware = Analog Input

Simulink Support Package for Arduino Hardware 2 PWM

Simulink 2 Commonly Used Blocks = Gain = TomoBetoupe K=255/1023 yia meploxn Asttoupyiag 0-255

Zuvbéoupe oto pin A4 tou Arduino €va MOTEVOLOUETPO HETAEL TAoNG +5 V kot Gnd

Juvb€oupe oto pin 5 tou Arduino €va LED

Run kat mapatnpoU e tnVv €vdelen tou LED avaloya PE TNV TLUL TOU TTOTEVOLOUETPOU

Lt mat2 = B
File Edit VYiew Display Diagram Simulation Analysis Code Tools Help
(4 = " Pid
k- 8 @2 4P & - » 7| v
Model Browser <= mat2
E] mat2 ® Iilmﬂ -
(]
Ed
o 4 ARDUING ARDUIMNC
I s
Fin 4 Gain Fin &
Analog Input PWM
«
Ready 100% oded3
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XPHZH TOY SIMULINK I' A AIABAZMA AEAOMENQN AINO TON ARDUINO UNO

*  Qoptwvoupe otov Arduino to “adioes.pde”.
* EktehoUpe a=arduino(‘COM3’); =2 Arduino successfully connected !
* Xto Simulink dnuloupyoul e To read.slx ano to “ArduinolO Library”

L™ read “ - B
Eile Edit Miew Display [Diagram  Simulation  Analysis  Code  Jools  Help
(i = el f ) idd
-8 OB 4OP  ©- orns - @-&-| scope - © [HEM
Model Browser = read = @ G’l s ;'\ |E| ﬁ E El & -ﬁ o
read (=) @read hd
- 1000
]
a00
El Setup o
3 E00
=+ COmM3
/" \a Arduing 10 Setug i
/ Analoh Resd e
Pin'g / 200
S
Arduino Analog Read
p| read.mat
Ta File Time offset. 2450
p ] ’
T~ Apyxeio read.mat
« Soope .
Ready 100% ode3
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| o ”

Metatpornn tou apxeiov “read.mat” oto apyxeio Excel “read.xls

1
2
3
>> |load read -
5
>> x=ans.data; —
. 1 1 —
>> xIswrite('read.xls’,x); 7
2
9
10
’ 14 11
TitAog ypadrpatog 1
1200
1000
800
600
400
200
0
SN OO N TN MNN AWM AN NN OOMNS o Wn g
CR RN e R R N R R R
™ o A A AN AN NN NN NN

671
672
672
668
669
672
669
668
669
671
673

(= /al
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o€ kapta SD




5U. ready Micro-SD
Brea o%,t oard+ |

* JUvdeon 5V kat GND pe ta avtiotowa tou Arduino
* JUvdeon CLK oto pin 13 (SCK)

* J0vdeon DO oto pin 12 (MISO)

* JUvbeon DI oto pin 11 (MOSI)

* J0vbeon CS oto pin 10 (SS)

* CD=0 otav n kapta eivol péca

BiBALoOrkn <SD.h>

* To apyxela mpémnel va €xouv turo 8.3 (r.x. LOGGER00.CSV)
* Yrmdpyouv €tolpa napadeiypata oto Arduino IDE
e https://www.arduino.cc/en/Reference/SD yla TI¢ GUVOPTIOELG
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#include <SD.h>
#include <SPI.h>

#define LOG_INTERVAL 1000 // mills between entries
#define SYNC_INTERVAL 1000 // mills between write data to the card
uint32_t syncTime = 0; // time of last sync()

#define sdSelect 10  //SD cs line
#define flexPin 0 // data logging analog input 0

// the logging file
File logfile;

void error(char *str){
Serial.print("error: ");
Serial.printIn(str);
while(1);

}

void setup(){
Serial.begin(9600);
// initialize the SD card
Serial.print("Initializing SD card...");
pinMode(sdSelect, OUTPUT);
// card initialization
if (ISD.begin(sdSelect)) {
error("Card failed, or not present");

}

Serial.printIn("card initialized");

// create a new file
char filename[] = "LOGGERO00.CSV";
for (uint8_ti=0; i< 100; i++) {
filename[6] =i/10 + '0';
filename[7] =i%10 +'0";
if (! SD.exists(filename)) {
// only open a new file if it doesn't exist
logfile = SD.open(filename, FILE_WRITE);
break; // leave the loop!
}
}
if (! logfile) {
error("couldnt create file");
}
Serial.print("Logging to: ");
Serial.printIn(filename);
logfile.printIn("TIME, ANGLE");
Serial.printIn("TIME, ANGLE");

}

void loop(){
// delay between readings
delay((LOG_INTERVAL -1) - (millis() % LOG_INTERVAL));
// log milliseconds since starting
uint32_t m = millis();
logfile.print(m); // milliseconds since start
logfile.print(", ");
int flexReading = analogRead(flexPin);
logfile.print(flexReading);
logfile.printin();
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Serial.print(m); // milliseconds since start
Serial.print(", ");

Serial.print(flexReading);

Serial.printin();

// write data to disk

// Don't sync too often - requires 2048 bytes of I/0 to SD card
if ((millis() - syncTime) < SYNC_INTERVAL) return;

syncTime = millis();

logfile.flush();
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int led 13;

void pwm_ 1(){
analogWrite(led,0);
}

void pwm_2(){
analogWrite(led,255);
}

void setup() {
Serial.begin(9600);
pinMode(led, OUTPUT);

}

void loop() {
pwm_1();
delay(5000);
pwm_2();
delay(5000);

}

#include <PWM.h>
PWM pwm(13);

void setup() {
Serial.begin(9600);

}

void loop() {
pwm.pwm_1 ();
delay(5000);
pwm.pwm_2();
delay(5000);

}

PWM.h
PWM.cpp

keywords.txt
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Header file: PWM.h

#ifndef PWM h
#define PWM h

#include <Arduino.h>

class PWM{
public:
PWM (int pin) ;
void pwm_1() ;
void pwm_ 2 () ;
int pinout;

}i

#endif

Amodevyoupe tnv SuTAR SHAwon HLoG
BLBALoONKNG

<

// CLASS CONSTRUCTOR
// CLASS FUNCTION
// CLASS FUNCTION
// CLASS VARIABLE

Access to the standard types and
constants of the Arduino language
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Source file: PWM.cpp

#include <PWM.h>

PWM: : PWM (int pin) {
pinMode (pin, OUTPUT) ;
pinout=pin;

}

void PWM: :pwm 1 () {
analogWrite (pinout, 0);
}

void PWM: :pwm 2 () {
analogWrite (pinout, 255);
)
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Anpovpyia tnc BLBALOOAKNC

Anpoupyoupue évav ¢pakelo “PWM” otov dakelo libraries tng Stavoung Arduino.

TomoBetoU e péoa to PWM.h kat to PWM.cpp.

Erteldn) o Arduino &gv avayvwpilel TI¢ KAAOELG Kal T cuvaptAoEeL TNS BLBALOONAKNC pag, dnuioupyol e Eva
apxelo “keywords.txt” to omolo mepLExel SnAwoelg yla autd. Etol pnmopet va xpwpatiost ta keywords. Aev
LOXUEL TAEOV.

MrmopoU e va SnpLoupyrnoou e Kol Evav dakelo pe ovopa “examples”, omou Ba tomoBetriooupe Eva
napadeypa xpriong t¢ BLPALoBrikNng kat Ba dpaivetal ota Examples tou Arduino.

PWM KEYWORD1 <
pwm_1  KEYWORD2
pwm_2  KEYWORD2 = < AnAwveL ocuvaptnon

AnAwvel KAdon
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