PROGRAMMING WITH
ARDUINO



Software Arduino

The Arduino Programming Environment (IDE)

The Arduino Integrated Development Environment - or Arduino
Software (IDE) - contains a text editor for writing code, a
message area, a text console, a toolbar with buttons for
common functions and a series of menus. It connects to the
Arduino hardware to upload programs and communicate with
them.



Software - Downlo

BUY SOFTWARE PRODUCTS LEARNING

ad

FORUM SUPPORT BLOG

Q 8

SIGN IN

Download the Arduino IDE

ARDUINO 1.8.2

write code and upload it to the board. It runs on

source software.

Refer to the Getting Started page for Installation
instructions

ARDUINO SOFTWARE

HOURLY BUILDS

Download a preview of the incoming release with the most updated
features and bugfixes.

Windows

Mac 05 X (Mac 05X Lion or later)

Linux 32 bit , Linux 64 bit , Linux ARM

The opan-source Arduing Software (IDE) makes it easy to

Windows, Mac 05 ¥, and Linux. The environment is
written in Java and based on Processing and ather open-

This software can be used with any Arduino board.

Windows installer
Windows ziP file for non admin install

Windows app| Get i3

Mac OS X 10.7 Lion or newer

Linux ARM

Release Notes
Source Code
Checksums (sha512)

ARDUINO 1.0.6 / 1.5.%x / 1.6.%

PREVIOUS RELEASES

Download the previous version of the current release, the
classic Arduino 1.0.x, or the Arduino 1.5.x Beta version,

All the Arduino O0xx versions are also available for download.
The Arduino |DE can be used on Windows, Linux {(both 32 and
&4 bits), and Mac 05 X




Software - Installation

 Windows
arduino.cc/windows
Installation for: Windows 7, Vista, e XP

* Mac OS X

arduino.cc/mac
Installation for: OS X 10.7 or newer

e Linux
arduino.cc/linux




Communication with Arduino

* Launch the Arduino IDE (double click)

OO




Arduino Program Development

e Based on C++ without 80% of the instructions.
* A handful of new commandes.

* Programs are called 'sketches'.

Sketches need two functions:
 void setup( )
 void loop( )

setup( ) runs first and once.

loop( ) runs over and over, until power is lost or a new
sketch is loaded.



* Open the sketch

Arduino li]a Modifica
000 Nuovo
I Apri...
Open Recent
N u m e ro u S Sa m p e sketch_ap  Cartella degli sketch

sketches are included =

in the compiler )

J/oput

void loop(

Located under File, !
Examples

Once a sketch is
written, it is uploaded
by clicking on File,
Upload, or by
pressing <Ctrl> U

Aoput

Esempi
Chiudi
Salva

Salva con nome...

Imposta pagina...

Stampa...

#N
#0

| 4
»

Strumenti  Aiuto

sketch_apr20a | Arduino 1.6.5

> 01.Basics

®;W

S

€3S
o8P

#P

02.Digital
03.Analog
04.Communication
05.Control
06.Sensors
07.Display
08.5trings

09.UsB
10.StarterKit
ArduinolSP

EEPROM
Esplora
Ethernet
Firmata

GSM
LiquidCrystal
Robot Control
Robot Motor
sD

Servo
SoftwareSerial
SPI

Stepper

TFT

WiFi

Wire

Digital_Infrared_Temperature_Sensor_MLX90615-master

>

»
>
>
| 2
| 2
>
>
[S
| 2
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AnalogReadSerial
BareMinimum
DigitalReadSerial
Fade
ReadAnalogVoltage



* Open the Blink sketch

Elink

i -
Blink
Turns on an LED on for one second, then off for one second, repeatedly.

Thiz exanple code is in the public domain.
gt

A4 Pin 13 has an LED comnected on most Arduino boards.
A4 giwe 1€ a name:
int led = 13;

A4 the zetup routine runs once when ¥ou press reset:
vold setup () |
A4 dnitialize the digital pinoas an output.
pirnMode(led, OUTPUT):

A4 the loop routine runs over and over again forewver:
void loop ()] {
digitalWrite (led, HIGH): J4 turn the LED on (HIGH is the woltage lewel)

delayilo0o) F4 walt for a second
digitalWrite (led, LOW): /¢ turn the LED off by making the woltage LOW
delayil000) A4 walt for a second

Arduino Uno oo




e Select the Board

@ Arduino File Modifica Sketch Aiuto

Formattazione automatica 8T sketch_apr20a | Arduino 1.6.5
Archivia sketch...
Correggi codifica e ricarica

E Monitor seriale {r3%M
vold setupO) { Boards Manager..
. // put your setup code here, to ri
Porta g
\'1 } Programmatore: "AVRISP mkll" > Arduino Y(n
‘_ void loop() Scrivi il bootloader -J Arduino/Genuino Uno
-y /7 put your main code here, to run repeatedly: Arduino Duemilanove or Diecimila
“-» Arduino Nano
} Arduino/Genuino Mega or Mega 2560
Arduino Mega ADK

Arduino Leonardo
Arduino/Genuino Micro
Arduino Esplora
Arduino Mini

Arduino Ethernet
Arduino Fio

Arduino BT

LilyPad Arduino USB
LilyPad Arduino
Arduino Pro or Pro Mini
Arduino NG or older
Arduino Robot Control
Arduino Robot Motor
Arduino Gemma

Arduino Due (Programming Port)

Arduino Due (Native USB Port)

SR B - ACH PR to



e Select the Serial Port

Sketch @S Help

Auto Format #T
Archive Sketch

Fix Encoding & Reload
Serial Monitor O ¥M

Board

® Arduino File Edit

[dev/tty.Bluetooth-Incoming-Port

[dev/cu.Bluetooth-Incoming-Port
[dev/tty.Bluetooth-Modem
[dev/cu.Bluetooth-Modem

' [dev/tty.usbmodem24161

) [dev/cu.usbmodem24161

Programmer
Burn Bootloader

* Mac:
You can indifferently choose between
/dev/tty.usbmodemXXXXX or /dev/cu.usbmodemXXXXX
 Windows:
There are one or more COM ports:
choose the one with the higher number if it does not work try with the
other proposals.



 The connection to the
serial port is reported in OO0 BHE v ‘
the code window in
bottom right

int led = 13

A4 ke matup rolkl

void sef upl) {
L}Hﬂﬁﬂﬂétﬂa1 HUTPUf}é

¥

Vil IHPU{} {
digitalWritalled, HIGH);
e Lo (10883
Hlﬂl'H|W|I?P{lEd| LUW};
ol Ly (1088 Y ;

}

Arduino Uno on [dev/tty.usbmodem24161



. Loading the Blink sketch
on the board through the O Q [ EE v 21
Upload button | A

int led = 133

..:I.I“:. I.:I-II.I.(I::;{ |
;llllnl I ="|:|.E|:| I'IIIIITF'HI'_:I:.

}

A the loop routin
void loap() {
i b LWy II--{I.ed, HIGHY:
dhe Loy (188875 ;
IWritedled, LOW);
cle Loy (1898 ) 3

Arduino Uno on fdev/tty.usbmodem24161




* It will take a few seconds, :
during this operation you will
see that the LEDs RX and TX
(receive and transmit)flash.

1tve it
led = 13;

e

Linﬁrﬁr&fadj.“h}ﬁ”é}i d
b
/7 th loop Toutine
vatd looply {

digitalirite(led, HIGH);

ol | gy {1666}:
cigitalirited led, LOW);
Hu!uy(iﬁﬂa};

Arduino Uno on [dev/tty.usbmodem24161



800 Blink | Arduino 1.0.5

=Y
= |

If everything will be succesfull B

you will be returned message e o s
"Done uploading.” in the ot A e ol

staus bar, and the LED L starts

flashing A PAR 15 hos dn LED cobrected on most Ardulno boor

P’y L ]
doglye 1L g nome:

int led = 13;

A obhe zetup roubime runs once yhen vou pre
V”{d etup ()
Aoanitialize the digital pin ag an oubput.

i-||.r1...|.-|:|,ad. OUTPUTY

P o T W T
ot loop() {
digitoliy ||"'I:|.Ed| HIl-jH:Ii Sikurn the LED b l__H||'-|| | the voltoge level )
,|.:-|.|-._.-{1BBE}; JAwatt Tor a sagnin
it tolWr Ilg'l‘:lad. LI:|||I.|:I: S oburn bhe LE by malkking the voltoaoge Low
dmlu?{lﬁaa}; P J

Binary sketch size: 1,884 bytes (of a 32,250 byte maximum)

Arduino Uno on /dev/tiy.usbmodem24161



Programming



Parts of the IDE main screen

sketch_feb09a | Arduino 1.0.5-r2 - o _ Name of current sketch
File Edit Sketch Tools Help I\/Iain menus
— ™ l %

=8 < Action buttons/icons

v Verify (AKA compile)

sketch_febD9a

i*] Upload (send to Arduino)

0] Start a new sketch

+] Open a sketch (from a file)
H Save current sketch (to a file)
E Open Serial Monitor window




The development cycle is divided into 4 phases:

Compile: Compile means to translate the sketch into machine language, also
known as object code

Run: Arduino sketch is executed as soon as terminates the step of uploading on
the board



The structure of an Arduino Sketch

BareMinimum | Arduino 1.0.5-r2 - O
File Edit Sketch Tools Help

BareMinimum &

woid setup() S
{

A put your setup code here, to run once

S5 e.g. define warjiables; initialire pins; include libraries

wolid loop ()
{
SSoput ywour main code here, to run repeatedly
S5 e.dg. read sensor, log data to 3D card, pause 1 sec, repeat




* The first one is “setup()”. Anything you put in this
function will be executed by the Arduino just once
when the program starts.

* The second one is “loop()”. Once the Arduino
finishes with the code in the setup()function, it will
move into loop(), and it will continue running itin a
loop, again and again, until you reset it or cut off
the power.



Arduino Specific Functions

pinMode(pin, mode)

* Configures a digital pin to read (input) or write (output) a digital value
digitalWrite(pin, value)

* Writes the digital value (HIGH or LOW) to a pin set for output
digitalRead(pin)

* Reads a digital value (HIGH or LOW) on a pin set for input

analog versions of above
* analogRead's range is 0 to 1023 (for Arduino Uno)

* The Due and the Zero have 12-bit ADC capabilities that can be accessed by changing the
resolution to 12. This will return values from analogRead() between 0 and 4095.

serial commands

* print, println, write, delay

Other example

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




First Program

Blinking LED



Arduino DUE

Native USB Port

Programming Port

N
|
|
|

Microcontroller

Operating Voltage

Input Voltage (recommended)
Input Voltage (limits)

Digital I/O Pins

Analog Input Pins

Analog Output Pins

Total DC Output Current on all /0 lines
DC Current for 3.3V Pin

DC Current for 5V Pin

Flash Memory

SRAM

Clock Speed

Length

Width

Weight

ATO1SAM3XBE

3.3V

7-12v

6-16Y

54 (of which 12 provide PWM output)
12

2 (DAC)

130 mA

800 mA

800 mA

512 KB all available for the user applications
96 KB (two banks: 64KB and 32KB)
84 MHz

101.52 mm

533 mm

36¢g



Breadboard

L J
L J

..............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................
C—
c ]




LED

A

-l- + -
ANODE CATHODE
+ -
ANODE G CATHODE

+ -
ANODE CATHODE



Circult

* Arduino board -

1 breadboard PPPPPPPPPPPPPGPPR  PRPPPDPPPEP:
e 1led PP PPPPPPPPPPPPI, S
e 1 resistor of 150 ohm
: wires I

R1 i

Arduino Pin > ——AAAN

_ DomapwM= oy F®

TX . %{ U"I"\.Ia.? |

RxEE Arduino ™ P ON ®
{,SZ LED 5

y’ ANALOG IN
" i )
2 T 2 2 3 2




Code analysis 1/7

£

¥

Blink

Turns on an LED on for one second, then off for one second, repeatedly.

Thig example code 12 1n the public domain.

:+'.-" ‘
B—p // Pin 13 has an LED connected on most Arduino boardsH
B—p 7 give it o name:

int led = 13;

B—P // the setup routine runs once when you press reset:
void setup{) {

B—p

¥

J¢ 1nitialize the digital pin as an output.

pinMode(led, OUTPUT);

/¢ the loop routine runs over and over again forever:

;Gid loop() {

¥

digitalWrite(led, HIGH);
delay(1888);
digitalirite(led, LOW);
de lay (1000 );

)
5y

Jf turn the
A7 wait for
A turn the

wait for

LED on {HIGH is the voltoge level )<é=—B
O second--4—B
LED off by moking the voltage LOW <@—B
a =econd -4—B




Code analysis 2/7

."'II:+‘
Blink
Turnz on an LED on for one se

Identifies where
the instruction

Thiz example code is in the p
. ends

/¢ Pin 13 has an LED connected O most qULTID DOUL s .
A give it a name:
it led =:13;

A the setup routine runs once
void setup() {
/4 initialize the digital pin
pinMode(led, DUTPUT); -
1 |dentifies a block

of instructions

J¢ the loop routing runs over a
void loop{) {
digitalWrite(led, HIGH);
delay {1EIEIE} -
digitalWrite(led, LOW);
de lay(1880);




Code analysis 3/7

1

J4 give 1t a nan
nt led = 13;~“|illlllllllll

'S the zetup routine runs once

|"| .‘lu‘lf 5—'r||| C}{

¥

Y

¥

P |ru1| 1"{1&':1, I:”.'TP”T:)g

" the | AT1NE YUhsS OvYer |

:an r{} {

digitaliirite (led, HIGH);
de Loy (1688 );
digitalWrite{led, LOW);
de lay {1@@@} a

e the digital pin

int led = 13;

A variable is a way for naming and storing a numerical

value for later use by the program. All variables must

be declared before they can be used. Declaring a

variable means:

* define the type of value that can assume: int,
long,float, etc ...

* assign a name

e and optionally assign an initial value.

These operations are carried out only once in

program, but the value of the variable can be changed

at any time using the arithmetic or using assignments.

The following example stated that LED is an int,

(Integer type) and that its initial value is equal to 13.

This is called a simple assignment.




Code analysis 4/7

l.J' *
Blink

Turns on an LED on for one second, then off for one

This example code is in the public domain.
*

¢ Pin 13 has an LED connected on most Arduino boards.
7 give 1t g name:

int led = 13:

S/ the setup routine runs once when you press reset:
void setup() {

¢ 1nitialize the digital pin as an output.
pintode(led, OUTPUT);

he
S

¥

A4 the loop routine runs over and over qgain forever :

Struttura di base

void setup()
{

istruzioni;

}

void loop()
{

istruzioni;

}

void loop{) {
de Loy (1688 ); /¢ wait for a second

de lay {1668 ; /¢ wait for a second

digitalWrite{led, HIGH}; // turn the LED on (HIGH is the voltage level)

digitalWrite(led, LOW); J¢ turn the LED off by making the voltage LOW




Code analysis 5/7

1t

VIOl H

¥

: __(}{ |

de

a1

“led = 133

pinMc '1 {led !'EHTFHT}

jitalWrite(led, HIGH);
{1@@8},
taliriteled, LOW);
{1@@5};

pinMode (LED, OUTPUT);

pinMode is an instruction that specifyes how a
particular pin is defined. In the parentheses,
topics that can be numbers and letters are
specified. Digital pins can be used as INPUT or
OUTPUT. In this case, we want to flash the
diode, for this reason LED must be define as
OUTPUT pin. The INPUT and OUTPUT words are
defined constants




Code analysis 6/7

int led = 13

pintode led, OUTPUT);

¥

&
digitalWrite(led, HIGH);
de Loy (1068 );

digitalWrite(led, LOW); J4 turn

de ay (16688 ;
|

digitalWrite (led, HIGH);

The digitalWrite instruction has two
arguments: the first one defines the pin, the
second one indicates the status.

If the pin is configured as an OUTPUT,
digitalWrite() will enable (HIGH) or disable
(LOW) the internal pullup on the output pin
(it turns on or off an LED). The 'pin' can be
specified as a variable or a constant. If the
pin state is HIGHT, it means that is applied a
voltage of 3,3V (5V for Arduino Uno), while if
the state is LOW the applied voltage is OV.




Code analysis 7/7

int led = 13;

1 *'IL C} {
1 i l1ze the digl

pintiode {led OUTPU IT),
3

Jd the lo I

votd 1oop() {
Bie jitallirite{led, HIGH);
de Loy (1668 );
digitalWrite(led, LOW);
delay(1008);

1

outinge runs oy

-

delay (1000);

delay () Pauses the program for the amount
of time (in miliseconds) specified as
parameter. (There are 1000 milliseconds in a
second). The instruction has a single
numeric argument; It indicates the number
of milliseconds to wait.




Second Program

Photoresistor with LED



Photoresistor

A photoresistor and 'a resistance whose impedance (and that means' whose
capacity 'to circulate electricity') varies according to the light that strikes it. While
the light increase, the resistance decreases, and vice versa. It is typically an analog
type sensor. To use in necessary to connect a leg to an analog port and, in parallel,
to a 10k ohm resistor connected to ground while connecting the other leg power
from 5 volts. The analog port returns a value from 0 to 1023 (or from 0 to 4095 in
12 bits ADC) that varies according to the light that strikes the photoresistor.




Circuit for photoresistor

iiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
-----------------------------------------------------------

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
llllllllllllllllllllllllllllllllllllllllllll

Arduino board

1 breadboard

1 photoresistor

1 led

1 resistor of 150 ohm

1 resistor of 10.000 ohm
5 wires

fritzing



analogReadResolution()

Description

%nalogReadResqution() is an extension of the Analog API for the Arduino Due and
ero.

Sets the size (in bits) of the value returned by analogRead(). It defaults to 10 bits
(returns values between 0-1023) for backward compatibility with AVR based

boards.

The Due and the Zero have 12-bit ADC capabilities that can be accessed by
changing the resolution to 12. This will return values from analogRead() between 0

and 4095.



Sketch

./
i

int walorafotocellula;

A2 variabile in cul viens inserito il valore analocgico (da 0 a I023)

A4 dells terpgiope rilewata splla- fotpcellupla.

P
£
wioid setupi)
{

pinMeode (12, GUTEOT) /Y definisce la porta 12 come porta di output

}
£
e
viold loop()

i

valorefotocellula = apalogBead(2) ; Af Iegge il valore fornico dalla fotoresistenza

if{wvalorefotecellula<=8512} A E1Z af pn wvalpre intermedio (la acals anslegica wva

Ffda @ 8 1023). Per rendere il sensore piu' o meno sanzibile =srat
A pufficiente aumentarse o diminulrse guesto parametro.

f4 nots: in reslia’ splls porta 2 arduine non legge 1l walore dells luce ambhientale, 2 una

tensiona, che sars’ basss ge l7impedenzs della fotoresistenza (dipendente dslla loges ambientale)

gara’* glra e viceversa */

{

digitalWrite (12, HIGH}; A4 acecende 11 Jled se !'impedenczs della fororealstenza (lmpedenzs
Af proporzionsle - alla luce rilewats) e altzs e guindd la luece ambientzale =2* baszga
|
alze

|

digitalkrice {12, LOW);

A in caso contrario lo spegne



Libraries



Arduino Libraries

* |f there is a library that you need but is not included with
the IDE, you can install it. Let’s look at an example.

 Download the ZIP file on your computer. It doesn’t matter
what platform you are on; the libraries work the same
regardless of whether you are on Windows, Mac or Linux.

* Also, don’t worry about extracting the files from the ZIP
archive. The newer versions of the Arduino IDE have an easy
library installer that takes care of extracting the library from
the ZIP file and copying the files to the right location.

* Assuming the library ZIP file is in your Downloads folder,
start the Arduino IDE. Then click on “Sketch = Include
Library - Add .ZIP Library...”, like this:



@ Arduino File Edit JElcalll Tools Help

@00

Verify / Compile 3R
Upload U
Upload Using Programmer 43U
Export compiled Binary HS
Show Sketch Folder 36 K
LR Includelibrary >

| Add File...

= [

Click to include
a new library

Arduing Uho o fdewcuasbmodeml4s

l

Manage Libraries...

Add .ZIP Library...

Bridge
EEFROM
Esplora
Ethernet
Firmata

GSM

Robot Control
Hobot IR Hemote
Hobot Motor
SD

SPI

Servo
SoftwareSerial
SpacebrewYun
Stepper

TFT




A new dialogue box will pop up. Browse to the location of the
ZIP file, select it, and click on Choose to complete the process:

@ @ Select a zip file or a folder containing the library you'd like t...

[ Downloads

and
Most Arduinos have ¢ hoard LH Mame 4| Date Modified
Legnardo, it is attached to digit| ME SRECYCLE.BIN Wednesday, August 1, 2015 12...
. rn-board LEL ' &
' Webduino-master.zip Wednesday, August 12, 2015 1:...

3. Click to complete 1. Select the ZIP
the process file location

File Format: ZIP files

Cancel @




* When you click on “Choose”, the dialogue box will
disappear, but nothing else is going to happen. No
confirmation, no sound... To make sure that the
Webuino library was actually installed, you can look
for the example sketches that most libraries

include.

* Go to File > Examples, and look at the bottom of
the list for your new library:



Rabot Control
Robot Motor
sSD

Servo
SoftwareSerial
SPI

Stepper

TFT

WiFi

Wire

AltSoftSerial
ArduinoJson
ArduinoNunchuk
aREST
ColorLCDShield
ESPB266_Simple-master
HMCS5883L
ILI9341_t3
LiquidCrystal
Max72xxPanel
Morse

MPLB0S0
Marcoleptic
Nimbits

PString

restclient

RF24
TinyGPSPlus
Webduino-master

-

yYYvYYYVYYYYY

A Y ¥ Y Y Y Y Y Y Y Y Y Y YYYTYTYY

Web_AjaxRGB
Web_AjaxRGB_mobile
Web_Authentication
Web_Buzzer
Web_Demo
Web_HelloWorld
Web_Image
Web_Net_Setup
Web_Parms




