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*  Microcontroler

2 Microcontroller

* A small computer with a simple chip that contains a
processor, memory and input/output

* Typically embebed inside some device that controls it
* It's small and low cost.



Arduino

Different models
» Simple and reliable

- Robust enough for most free robotics (and other projects)
~ activities



Arduino models

Arduino Uno Arduino Leonardo Arduino Ethernet Arduino Pro
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Arduino Mega 2560 Arduino LilyPad Arduino BT Arduino Nano

Arduino Mega ADK Arduino Fio USB/Serial Light Adapter Arduino Mini
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Arduino
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Ports

uino has digital ports and analog ports:

e ports are for communication between the Arduino

and external devices: read a button, turn on a led or a

lamp.

* Arduino UNQO, has 14 digital ports and 6 analog ports
(which can also be used as digital ports).

« The values read on an analog port range from 0 to
1023 (10 bits), where 0 represents OV and 1023
represents 5V.



Ports

e Width Modulation is a technique used by digital

stems to vary the average value of a periodic

aveform, for example, motor speed control; light

variation of LEDs; generation of analog signals;

generation of audio sighals.

TX / RX - Arduino communication ports, for example,

allow connection between 2 Arduinos, Bluetooth

connection, GPS connection

« A4 (SDA) / A5 (SCL) - communication protocol
between devices that “talk” 12C. It works with 1
master (coordinate communication) and up to 112
slaves (identified by memory addresses)



Digital Ports

tal ports work with well-defined values, that is, in
se of Arduino these values are 0OV and 5V.

OV indicates the absence of a signal and 5V indicates
the presence of a signal.

* To write to a digital port, we use the digitalWrite(pin,
status) function.

* To read a value from a digital port, we use the
digitalRead(pin) function.



Analog Ports

log ports are used for data input.
ey are identified as A0, A1, A2, A3, A4 and A5.

By default all analog ports are defined as input data,
so it is not necessary to make this definition in the
setup() function.

The values read on an analog port range from 0V to
HV.

 To read a value from an analog port, just use the
analogRead(pin) function.



Ports

efine a port as input or output, it is necessary to
ake this situation explicit in the program.

he pinMode(pin, state) function is used to define
whether the port will be input or output data.

Example:

« Defines that port 13 will be output
« pinMode(13, OUTPUT)

« Defines that port 7 will be input
« pinMode(7, INPUT)



ino doesn’t works alone



Shields

« They are Arduino extensions and add specific features,
inheriting Arduino features



Shields

Ethernet Motors Sensors



Sensors

. N

Ultrasonic Laser




Actuators

Motors



Led’s

LED (Light Emitting Diode), as it is a diode and
t a lamp, lets current pass through in a single

‘direction.
LA
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Resistors

ors limit the passage of electrical current,
enting some components from being damaged by
cess electrical voltage.

Cddigo de Cores

A extremidade com mais faixas deve apontar para a esquerda

Resistores padrdo - ' 560k Q
ixas I I 10% de tolerdncia

237Q
pos emeauxa | | I oleréncia

Marrom x100 +- 1%

Amarelo | 4 | 4 ] 4 ] xiko | |

Branco 9 9 9
Dourado | I x40 | +- 5%
Prateado x.010Q +/- 10%




Resistors

Coal resistance
(Fixed Value Resistance)

Potentiometer
(Variable resistance)



Breadboard

ts must be carried out on a prototyping
oard where the components are fixed without
the need for soldering.




Arduino’s IDE

[EBlink | Arduino 0021
| File Edit Sketch Tools Help

Blink
Turns on an LED on for one se

cond, then off for one second, repeatedly.

This exauple code i2 in the public domain.

void setup() {
// initialize the digital pin &s an outpurt. G
// Pin 13 has an LED connected on most Arduine boards:
pinlode (13, OUTPUT): 0
void loop() {
digitalWrite (13, HIGH): // set the LED on 6

delay(l000); wait for a
digitalWrice (13, LOW); = LED
delay(1000); 3




B3 Blink | Arduino 0021

File Edit Sketch RGES

Auto Format
Archive Sketch

Fix Encoding & Reload
Serial Monitor

CtrH-Shift+M

Blink
Turns on an Serial Port ;i &« Arduino Duemilanove or Nano wf ATmega328
- | Arduino Diecimila, Duemilanove, or Nano wf ATmegal6d
“l‘m 3 example| Burn Bootloader » Arduino Mega 2560
4 Arduino Mega (ATmega1280)
void setup() ( Arduino Mini
// initialize the digital pin as an outpu| Arduino Fio
/ Pin 13 has an LED connec Arduino BT wf ATmega326
pinMode (13, OUTPUT); Arduino BT wf ATmegal6s
} LilyPad Arduino w/ ATmega328
LilyPad Arduino w/ ATmegal68

void loop() {

Arduino Pro or Pro Mini (SY, 16 MHz) w/ ATmega328

¢ allirite . // set the D " i
':ljl;:i:m;; (13, HIGH) i 'U i‘ ILE | Arduino Pro or Pro Mini (SV, 16 MHz) w/ ATmegal68
delay ; /f wa or a sy . :
digitalizite (13, LOW): // set the LED { Arduino Pro or Pro Mini (3.3Y, 8 MHz) w/ ATmeqa328
delay(1000); /) weit for a = Arduino Pro or Pro Mini (3.3V, 8 MHz) wf ATmegal6s

Arduino NG or older w/ ATmegal6g
Arduino NG or older wf ATmega8




Serial Port / COM

B Blink | Arduino 0021
Sketch RGGES
E Auto Format
Archive Sketch
Fix Encoding & Reload
Serial Monitor

Ctri+Shift+M

Blink Board »
Turns on an COM1 ! Second, repeatedly.
This exanmple  Burn Bootloader »

void setup() {

// ini

alize the digital pin as an output.

/ Pin 13 has an LED connected on most Arduino boards:
pinMode (13, OUTPUT):
}

void loop() {
digitalWrite{l3, HIGH);
delay(1000):
digitalWrite(l3, LOW);
delay(1000):




Working area

File Edi Sketch Tools Help

Salvar programa
Abrir programa

Novo programa Monitor serial

Barra de botbes
Grava o programa na placa

| Compila/Verifica

Area de programacéo Menu principal

Console do compilador (indica erros
no programa e mensagens em geral)

Barra de estado

Ouine Almesgatss on L%




Programming
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Sketch

B4 Blink | Arduino 0021
File Edit Sketch Tools Help
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BElink

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

xample public domain.

initialize the digital
13

pinMode (13,

pin as an output.

has an LED connected on most Ardulino boards:
OUTPUT) ;

Pin

void loop () ({
digitalWrite (13, HIGH) ;
delay(1000);

digitalWrite (13, LOW);
delay {1000} ;

Comments

Setup

Loop



Constants

uino there are some previously defined constants
are considered reserved words:

true - indicates true logical value
— false - indicates false logical value

— HIGH - indicates that a port is activated, that is, it is
at 5V

— LOW - indicates that a port is disabled, that is, it is
at OV

— INPUT - indicates that a port will be input data
— OUTPUT - indicates that a port will be output data.



Variables

types of variables:

oolean: boolean variableName;
Integer: int variableName;

— Float: float variableName;

— Character: char variableName;

— String: string variableName;

— Arrays: int variableName[number];

f This specifies name of the vanable (use camelCase).

'im:‘ led = 1{3; «@—— This semi-colon ends the statement.

I ‘t This vanable i1s immediately set equal to 12,

This specifies the data type (in this case - an integer).



;‘J &

Blink

This example code is in the public domain.

*

/

const int wariablel = 1;
int variable2 = 2;

volid setup() {

int variable3 = 3;

/4 initialize the digital
// Pin 13 has an LED commected\on mo
pinMode (13, OUTPUT):

function

Yl a3 an

}

void loop() {
Airritrallilritesd1? HTRHY - /Y et the TFN A

" Scope of variables

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

Constant — read only
Variable — available in all program

Variavel — available only inside this



Comments

e placed anywhere

y are created with // or /* and */

Jo not affect the code

Théy may not be accurate, but they are always useful.



Main functions

etup() - is executed once and is normally used for
ing the pins (as input or output), starting to use
2rial communication, among others.

void loop() - makes a “loop”, that is, all commands are
successively repeated.

Blink§

¥ This is the header for this file and
Blink contains brief information about
Turns on an LED on for one second, then off for one second, repeatedly.

o the file.

int led = 13;

volid setwp () { "
pinNode (led, OUTPUT): The setup fgncuon only runs once - at the
) very beginning of your program.

void loop () {
digitalWrice(led, HIGH):
delay(1000);
digitalWrite(led, LOW);
delay(1000);

he loop function runs repeatedly, forever.



vold setup() f{

// initialize the digital pin as an output.

// Pin 13 has an LED connected on most Arduino boards:
pinMode (13, OUTPUT);
}

« void setup() {}

« The SETUP function comes BEFORE the LOOP function
and is mandatory in all sketches



Setup

e the digital pin as an output.
// Pin 13 has an LED connected on most Arduino boards:
pinMode {13, OUTPUT);

"+ void setup() {}
"+ The SETUP header never changes.

« Everything that happens inside SETUP must be inside
the braces



volid setup () {

// initialize the digital pin as an o

gonnected on most Arduino boards:
pinMode (13, OUTPUT) ;

* void setup() {pinMode (13, OUTPUT); }

« The outputs are declared inside the setup, and it is
done through the pinMode function.



Setup

vold setup() {
// initialize the digital pin as an output.
// Pin 13 has an LED connected on most Arduino boards:

Serial.begin(9600);

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

« The outputs are declared inside the setup, and it is
done through the pinMode function.




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

This example code is in the public domain.

*7

void setup() {
/4 initialize the digital pin as an output.
/4 Pin 13 has an LED connected on most Arduino boards:
pinMode (13, OUTPUT):

A1}

void loop() { p
digitalWrice(l3, HIGH): set the LED on
delay(1000); /4 wait for a second
digitalWrite (13, LOW): // set the LED off
delay(1000); /4 wailt for a second

 void loop() {3



ink led
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Blink led

! \{/

int led = 13;
void setup() {
pinMode(led, OUTPUT);}
void loop() {
digitalWrite(led, HIGH);
delay(1000);
digitalWrite(led, LOW);
delay(1000);



nk 3 leds
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Blink 3 leds

int led1 =13, led2 = 12, led3 = 11;

void setup() {
pinMode(led1, OUTPUT);
pinMode(led2, OUTPUT);
pinMode(led3, OUTPUT);

}

void loop() {
digitalWrite(led1, HIGH);
delay(200);
digitalWrite(led1, LOW);
delay(200);
digitalWrite(led2, HIGH);
delay(200);
digitalWrite(led2, LOW);
delay(200);
digitalWrite(led3, HIGH);
delay(200);
digitalWrite(led3, LOW);
delay(200);



LDR with a led
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LDR with a led

sensorValue = 0;

oid setup() {

pinMode(AO, INPUT);

pinMode(9, OUTPUT);

Serial.begin(9600);

3

void loop() {

sensorValue = analogRead(A0Q);
Serial.println(sensorValue);
analogWrite(9, map(sensorValue, 0, 1023, 0, 255));
/ /port, fromLow, fromHigh, toLow, toHigh
delay(100); // Wait for 100 millisecond(s)

}




Add a library

ere are several libraries available on the internet
hat you can download and use.

These libraries have to be added to the IDE so that
it recognizes the commands you are using.

« After downloading, the .zip file is unzipped. In the
folder where the IDE for Arduino is installed, look
for the folder libraries. Inside this directory we copy
the folder that was extracted before.



Add a library

nally, it is verified whether the library was
ctually detected by the IDE. Go to Files > Examples
and check if the library that was added is there.

Now just “call” it in the code, which will look like:
#include <library.h>.

It is worth noting that on the page where the library
was downloaded, there are instructions on how to
use it.



a led with a potentiometer
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a led with a potentiometer

#include <SoftwareSerial.h> //library
#define LED 9 //const

#define KNOB 0 //const

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

3

void loop() {
int val = analogRead(KNOB);
int ledPower = map(val, 1, 1024, 1, 255);
analogWrite(LED, ledPower);

}



If condition

i

if (true) {
© code;
" Yelse { //optional
" code;

wvoid loop () {
/4 read the gtate of the pushbutton wvalue:
buttonitate = digitalRead(buttonPin);

/7 check if the pushbutton is pressed.

if (buttonState == HIGH) {
/4 tuarn LED on:

digitallWrite{ledPin, HIGH): If Statement

g\
|

/4 turn LED off: \
digitalWrite{ledPin, LOW):; 1

) v




If condition

void loop () {
/7 read the state of the pushbutton wvalue:

buttonState = digitalRead(buttonPin);

Llf.\shbutton i3 pressed.
buttonState is HIGH:
[(buttonState == HIGH) {

£/ turn LED on:

digitalWrite (ledPin, HIGH):;

H

else {

// turn LED off:
digitalWrite(ledPin, LOW):;

£/ check if

B -

[

i




If condition

void loop(){

a m===
{1l

/7 read the state of the pushbutton wvalue:
buttonitate = digitalRead(buttonPin);
// check if the pushbutton iz (pre: - .t. I 1 .d
| e s GoNditional inside
W (buttonState == HIGH) -
N parenthesis,
digitalWrite(ledPin, HIGH):;
H
else { use ==, <=, >= Or
// turn LED off:
digitalWrite (ledPin, LOW): you can also nest
: v
using && or .




If condition

void loop () {
/4 read the state of the pushbutton value:
buttonState = digitalRead(buttonPin):;

/# check if the pushbutton is pressed.
f/ 1f it is, the buttondState is HIGH:

< mmmpezmm | Action that occurs |
- " conditional is true,

// turn LED off:

;igit-all-lritetledPin, Low) ; inSide Of Curly braC etS,

can be anything, -
ents



If condition

void loop () {
/4 read the state of the pushbutton wvalue:
buttonState = digitalRead(buttonPin);

/74 check if the pushbutton is pressed.
/74 1f it is, the buttonState is HIGH:
if (buttonState == HIGH) {

// turn LED on:
digitalWrite(ledPin, HIGH):;

else {
/f turn LED off:
digitalWrite(ledPin, LOW):;

1l

Else, optional

&

B



Fade a led

nt led = 13; //change to 9
int shine = 0;
~int fade = 5;
- void setup() {
pinMode(led, OUTPUT);}
void loop() {
analogWrite(led, shine);
shine = shine + fade;
if (shine <=0 || shine >= 255) {
fade = -fade; }
delay(30);



rn on led with a button
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rn on led with a button

const int buttonPin = 2;
int ledPin = 13;
int buttonState = 0;
void setup() {
pinMode(ledPin, OUTPUT);
pinMode (buttonPin, INPUT);}
void loop() {
buttonState = digitalRead(buttonPin);
if (buttonState == HIGH) {
digitalWrite(ledPin, HIGH);
} else {
digitalWrite(ledPin, LOW); }



Loop

loop” in the header is the function name. The

p and loop functions already have the declared
me. The rest are created by the user.

X
Blink

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

This example code is in the public domain.
%/

vold setup() {
// initialize the digital pin as an output.
// Pin 13 has an LED connected on most Arduino boards:
plnHode (13, OQUTPUT):

m—Loo header
te(l3, HIGH) cT the LED on

delay(1000); // wait for a second
digitalWrice (13, LOW): /¢ set the LED off
delay(1000); /¢ wait for a second 1
}
2]

i< 1 |

v




;I

BElink

Thiz example code is in the public domain.
4
"J“

vold setup() {

A4 dnitialize the digital pin as an output.

A/ Pin 13 has an LED comnnected on most Arduino boards:
pintMode (13, OUTPUT):

O Loop body

digitalllx El:l3 HIGH) ; e LED on

between:curl

digitalWrite(l3, LOW): ) y
delay(l1l000) A4 waltg for f second

a bracke

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

ALY |

repeat

Lil}



Structure For

D to output mode {(pulling high
for{(int 1 = 0; 1 < 8; 1i++){ i;(lr% ‘)(’F’oop and will r

pinMode (ledPins[1],OUTPUT); J/we use this to set each LED P
//the code this replaces is ”

/* {(commented code will not run) 4
* these are the lines replaced by the for loop above they do e:
* same thing the one above just uses less typing

pinMode {ledPins [0] , OUTPUT) ;

pinMode {ledPins[1], OUTEUT) ;

pinMode (ledPins (2], OUTPUT) ;

(

pinMode (ledPins[3], OUTPUT) ;

I




an LED to output mode_ {(pulling high
i’?ﬂl’s ead&rand will i
); //we use this to set each LED p|
//the code this replaces is

|11

{commented code will not run)

i |
* these are the lines replaced by the for loop above they do e:
* same thing the one above just uses less typing

pinMode {ledPins[0], OUTPUT) ;
pinMode (ledPins (1], OUTPUT) ;
pinMode (ledPins [2], OUTPUT) ;
pinMode {ledPins [3], QUTPUT) ;

<
—



an LED to output mode_ {(pulling high
i’?ﬂl’s ead&rand will i
); //we use this to set each LED p|
//the code this replaces is

|11

{commented code will not run)

i |
* these are the lines replaced by the for loop above they do e:
* same thing the one above just uses less typing

pinMode {ledPins[0], OUTPUT) ;
pinMode (ledPins (1], OUTPUT) ;
pinMode (ledPins [2], OUTPUT) ;
pinMode {ledPins [3], QUTPUT) ;

<
—



{

Structure For

output mode (pulling high

. (iré is a loop and will b
pinMode (ledPins[i],OUTPUT); //we use this to set each LED pr%
1 //the code this replaces is|
\

et each pin connected to an LED t

/*
* these are the lines replaced by the for loop above they do e:
* gsame thing the one above just uses less typing

pinMode {(ledPins [0], OUTPUT) ;

pinMode {ledPins[1], OUTPUT) ;

pinMode {ledPins[2], OUTPUT) ;

pinMode {ledPins [3], QUTPUT) ;

{commented code will not run) LY




Structure For

: ciare 1a>ryar Ia
=dPins[1], QUTPUT); //we usegihls tosset eaih LED p 3

assign.it.a. ;.
value

/* {(commented code will not run)

* these are the lines replaced by the for loop above they do e:

* same thing the one above just uses less typing
(ledPins [0] , OUTPUT) ;

pinMode {ledPins[1], OUTPUT) ;
{(ledPins[2], OUTPUT) ;
{ [3],0UTPUT) ;

pinMode

pinMode

pinMode {ledPins

connected to an LED tg outplt mode (pulli ng isih
j ; E;‘

|
|

i€
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" Structure For

oid setup()

{
//set each pi

for{int 1 = 0Q;

ed to an LED to _output mode (pulling higi
1. If-this conditional
pinMode (led G ,OUTPUT); //wealuses this tog setygach LED L
} is.true do the.cod
/* (commented code will not run) InSIde the curly

3 4 y
- b —
>

.-,"';; * these are the lines replaced by tbrack;e:tsb,oif ‘ilt!sdo e:

f * same thing the one above just uses less typiling
, pinMode {(ledPins [0], OUTRPUT) ; false the compute
pinMode {(ledPins[1], OUTPUT) ; .
pinMode {ledPins (2], OUTPUT) ; eXIts the fOI' |OOp
[ )

pinMode (ledPins[3], OUTPUT

f v




Structure For

//8et each pin connecggd fo an LED tg output mode (pulli igh
fortant 1 = Ay 4 %€ 8B dﬂﬁﬂgﬁﬂlﬁﬁlﬂ ol
QUTEPUTY ;

pinMode (ledPins[i]y; //we use fEis to set each JED p (8
: ute

) 50.ne co
. 3 . .
/* {(commented code will not run) Isn t StUCK InS|de

* these are the lines replaced by tfofoxIOGPabeelvera e_;
ng

* same thing the one above just uses less typ
pinMode {ledPins [0], OUTPUT) ;
pinMode {ledPins[1], QUTPUT) ;
pinMode {ledPins [2] , OUTPUT) ;
pinMode (ledPins [3], OUTPUT) ;

is

(]



Structure For
er = 200; // The higher the number, the slower the

g.
ledPins[] = {11, 12, 13}; // an array of pin numbers to

ich LEDs are attached
int pinCount = 3; // the number of pins
void setup() {
for (int thisPin = 0; thisPin < pinCount; thisPin++) {
pinMode(ledPins[thisPin], OUTPUT);
3

3
void loop() {

for (int thisPin = 0; thisPin < pinCount; thisPin++) {
digitalWrite(ledPins[thisPin], HIGH);
delay(timer);
digitalWrite(ledPins[thisPin], LOW);
3
3



