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What is a Microcontroller
(MC, MCU)

= Computer on a single integrated chip =
— Processor (CPU) Intel' &El@
— Memory (RAM / ROM / Flash) -

— /O ports (USB, 12C, SPI, ADC)
= Common microcontroller families:

— Intel: 4004, 8008, etc. MICROCHIP

— Atmel: AT and AVR

— Microchip: PIC .
— ARM: (multiple manufacturers) ARM
= Usedin:

— Cellphones,
— Toys
— Household appliances
— Cars
— Cameras
ARDUINO
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The ATmega328P Microcontroller

(used by the Arduino)

- AVR 8-bit RISC architecture ‘I—
= Available in DIP package M
= Up to 20 MHz clock
= 32kB flash memory
- 1 kB SRAM

- 23 programmable I/O
channels

= Six 10-bit ADC inputs
* Three timers/counters
- Six PWM outputs

.0

ARDUINO

So what is Arduino?

It's a movement, not a microcontroller:

- Founded by Massimo Banzi and David
Cuartielles in 2005

- Based on “Wiring Platform”, which dates to
2003

« Open-source hardware platform

= Open source development environment

— Easy-to learn language and libraries (based
on Wiring language)

— Integrated development environment (based
on Processing programming environment)

(G Available for Windows / Mac / Linux

ARDUINO
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The Many Flavors of Arduino

 Arduino Uno
- Arduino Leonardo
= Arduino LilyPad
« Arduino Mega
« Arduino Nano
 Arduino Mini
 Arduino Mini Pro

© O

ARDUINO

. Arduino BT e

Arduino-like Systems

« Cortino (ARM)
» Xduino (ARM)

- LeafLabs Maple
(ARM)

- BeagleBoard (Linux)

- Wiring Board
(Arduino

Eredecessor)

ARDUINO
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Other Hardware Choices-Boards
Arduino BT

The Arduino BT is an Arduino board with built-in bluetooth module, allowing for wireless
communication.

LilyPad Arduino

The LilyPad Arduino is a microcontroller board designed for wearables and e-textiles. It can be
sewn to fabric and similarly mounted power supplies, sensors and actuators with conductive
thread.

Arduino Nano

Arduino Nano is a surface mount breadboard embedded version with integrated USB. It is a
smallest, complete, and breadboard friendly. It has everything that Diecimila has (electrically)
with more analog input pins and onboard +5V AREF jurmper.

Other Hardware Choices-Snellds
Xbee Shield U

The Xbee shield allows an Ardumo board to communicate vmrelessly usmg Zigbee The module can communicate up to 100 feet indoors

it for a variety of broadcast and mesh networking options.

The Xbee shleld was created in collaboration Wlth leellum, who developed it for use in their SquidBee motes (used for creating sensor
networks).

Adafruit Servo/Stepper/DC Motor shield

Ashield that can control 2 hobby servos and up to 2 unipolar/bipolar stepper motors or 4 bi-directional DC motors.

Battery Shield

Ashield from Liquidware that connects to the back of the Arduino, with a USB-rechargable lithium ion battery that can power an Arduino
for 14-28 hours depending on the circuit

Liguidware TouchShield

OLED touch screen shield.

Adafruit Wave shield

Plays any size 22KHz audio files from an SD memory card for music, effects and interactive sound art

Adafruit GPS & Datalogging shield

Connects up a GPS module and can log location, time/date as well as sensor data to an SD memory flash card.
Adafrun XPort/Ethernet shield
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Other Hardware Choices-Shellds

Adafruit GPS & Datalogging shield
Connects up a GPS module and can log location, time/date as well as
sensor data to an SD memory flash card.

Adafruit XPort/Ethernet shield
Allows use of an XPort module for connecting to the Internet as a client
or server.

Liquidware TouchShield
OLED touch screen shield.

http://www.liquidware.com

Adafruit Servo/Stepper/DC Motor shield
A shield that can control 2 hobby servos and up to 2 unipolar/bipolar
stepper motors or 4 bi-directional DC motors.
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Getting to know the Arduino:

Electrical Inputs and Outputs

Digital Ground
Digital 170 Pins (2-13)
|

Serial Out (TX)
Serial In (RX)

Analog Reference Pin

MADE
| IN ITALY

_— g,

USB Plug — : =
arwmm' ARDUTNO = Reset Button

In-Circuit
Serial Programmer

ATmega328
Microcontroller

External Power Supply

Reset Pin
3.3 Volt Power Pin
5 Volit Power Pin

Analog In
Pins (0-5)

Ground Pins

Download and Install

= Download Arduino compiler and development environment from:
http://arduino.cc/en/Main/Software
= Current version: 1.0.1
= Auvailable for:
— Windows
— MacOX
— Linux
= No installer needed... just unzip to a convenient location
= Before running Arduino, plug in your board using USB cable
(external power is not necessary)
- When USB device is not recognized, navigate to and select the
appopriate driver from the installation directory
= Run Arduino
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Connecting ARDUINO Uno with PC’s USB Po

Archive Sketch
Fix Encoding & Reload

0 Senal Monitor ChrleShft=M
cnax
Board >
Senal Port -
i loop () B - >

put your

Burn Bootloader

Lrduine Uno

Asdwno Duemilanowve w) ATmega3ilBE

Asrduino Diecimila or Dusmilanove w/' ATmegalG8

Arduino Nano w/ ATmega328

Arduino Nano w/ ATmegalEs

Arduino Mega 2560 or Mega ADK

Arduwino Mega (ATmegal 280)

Arduino Mini w/ ATmega328

Arduino Mini w/ ATmegalsd

HArduno Ethernet

Hudwno Fro

Arduine BT w/ ATmegad2s

Arduino BT w/' ATmegalss

LilyPad Arduine w/ ATmega3ls

LilyPad Arduine w/ ATmegal 68

Arduino Pro or Pro Mini 5V, 16 MHz) w/ ATmega3ld

(V. 16 MHz) w/ ATmegalss -
Arduino Pro or Pro Mini 3.3V, 8 MHz) w/’ ATmega3ZE
Arduino Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal 68
Arduine NG or older w/ ATmegal6s

Arduino NG or older w/ ATmegal

Arduino Pro or Pro Mi
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Selecting and Updating the Drivers if Needed

Hm | General | Powes | Advanced | Driver | Details | Power Management
Ay e Generic USE Hub
Device Functions:
Driver Provider: Microsaft
Hame Type =
7 ECP Prnter Port (LPT1) Pas COM&LPT) i S
? Generic PP Monitor Manilors 3 Driver Version:  6.1.7601.18328
Ganaric USE Hub Univarsal Sedal Bus controll.
§ Genenc USE Hub Universal Seral Bus control, Digtal Signer: Mictosokt Windows
1™ High Definition Audio Controller System devices
& IDT High Definttion Audic CODEC  Sound, video and game co.. To view details sbeut the driver fiss.
&¥ Inted(R) 825 79LM Gigabit Networ...  Network adapters -
< m » —r————r——————
. | Update Dnver... To update the driver software for this device.
Deviee Function Summany
Manufactursr:  (Standard port types) Roll Back Daver e gﬁeﬁm lodaing the diver ol
Lecation: on PCl standard I5A bridge
Device status:  This device is werking propery. | Disable Disables the selected device .
1 r A 1 To uninstall the d nced).
[P—'_i [ ] o e driver (Advar )

Help
Luto Format CuleT
Aschice Sherch
Erate M Fim Emcoding &

i Swa il vl Rlender Crle Shaft= M

Board .
Seral Port . COM

+ loow() I == . ¥ come

Burn Beoticsser

ARDUINO
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Using the Arduino IDE

Name of sketch

Compile sketch

BareMinim

Upload to board g
ploaa to boar Serial Monitor

Program area -4

- Messages / _|
% Errors

=i 2 — alni =l

B D T e Are e 1D LSeteeecs s Sew S ] ol . B

S5 ]

> ARDUINO

Belerence Langesge | Libraries  Comparscs | Chisges

Language Reference

Structure Variables Functions
Diginl 1,0

- HIGH | LOW R T

= INFUT | OUTPUT = dliginal Wrine:

Arduino Reference is mstalled Iocally SR SBALE  Sginlleato
or available online at hilp Varduino co - Mshon ST Amalog 1/0

+ analogReferencel
» flosting poast constenty o

. i * snsiogResd:
+ sibils * snalogWrite() - PT
- do.. while - veid
Ak e 1O
- break - ook

ARDUINO — = wTeweD
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1.

2.

C++ Programming Structure and Syntax for ARDUINO

e Structure:

The basic programming for ARDUINO
revolves around 2 simple parts.

These 2 parts are the necessary ingredients
for your program to work.

Setup function in the figure run only once
and is used for the initialization of Serial
port and 1/0’s.

Loop function is used to trigger the
conditions that run continuously like reading
input or sending the data to output port if
conditions are meet.

void setup()

{

statements;

}

void loop()
{

statements;

3

Loops

Basic Instruction Set for Digital 1/0°s and Conditional

Arduino Programming Basics

Command

Description

pinMode (n, INPUT)

Set pin n to act as an input. One-time command at top of program.

pinMode (n, OUTEUT)

Set pin n to act as an output

digitalWrite (n, HIGH) Setpinn to 5V

digitalWrite (n, LOW) Setpinn to OV

delay (x) Pause program for x millisec, x = 0 to 65,535
tone(n,f,d) Play tone of frequency f Hz for d millisec on speaker attached to pin n

| for() Loop. Example: for (i=0:i<3;i++){} Do the instructions enclosed by {} three times
if (expr) {} Conditional branch. If expr true, do instructions enclosed by {}

while (expr) {])

While expris true, repeat instructions in {} indefinitely

10
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Acceptable Data Type

- Byte:  8-bits, ranges from 0 to 255. byte someVariable = 180;

* Integer (int): 16-bits, ranges from -32768 to 32767. int someVariable = 1500;

* Unsigned int: 16-bits, ranges from 0 to 65535.

* long: 32-bits, ranges from -2,147,483,648 to 2,147,483,647. long someVariable = 90000;
» float: 32-bits, ranges from 3.4028235E+38 to -3.4028235E+38

arithmetic comparison operators

. : ' o H Oy ol Comparisons of one variable or constant against ancther are often used in if
Arithmetic operaors include addition, sublraction, multiplication, and dVision. - aterents to test if a specified condition is true. In the examples found on the

They retum the sum, difference, product, or quotient (respectively) of two fallowing pages, 72 is used to indicate any of the following conditions:
operands.

% ==y // % is egual to vy
y=y+3; X =y // X 15 not equal to vy
Y= o1 X< y //xis less thany
L ; x> y // xis greater than y
i=7*6; X ==y // x 1s less than or equal to y
r=r/5; X o>=y // % is greater than or equal to y
compound assighments logical operators

’ i : i . B Logical operators are usually a way to compare two expressions and retumn a
Compound assignments combine an arithmetic operation with & variable TRUE or FALSE depending on the operator. There are three logical operators,

assignment. These are commonly found in for loops as described laler. The = AND, OR, and NOT, that are often used in if statements:
maost common compound assignments include;

Logical AND:
if (x>0 6&8& x < 5) /4 true only if both
X ++ [/ same as X = X + 1, or increments x hy +1 // expressions are true
X -- // same as x = x - 1, or decrements x by -1 | syical or:
X 4=y [/ same as X = X +y, or increments X by +y | if (x>0 || y >0}  // true if either
(X -=y /[ same as x=x -y, or decrements x by -y 41 empression 45 tnue
X*=y /[ same as x = x *y, or multiplies x by y Logical NOT:
X /=y //same as x=x /Yy, or divides x by y if (1x > 0) /4 true only if

/{ expression is false

11
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Example of LED blinking with 1sec delay

int ledpin = 13; // LED connected to digital pin 13

vold setup()
i

pinMode (ledPin, OUTEUT); /! ssts the digital pin as output

void loop()

digitalWrite (ledPin, HIGH); // sets the LED on
delav(1000); {/ waits for a second
digitalWrite(ledPin, LOW);  // sets the LED off

delay(1000); /! waits for a second

Button & LED Example

int ledPin = 13; // choose the pin for the LED

int inPin = 2; // choose the input pin (for & pushbutten)

int val = 0; {/ wvariable for reading the pin status
void setup() |

pinMode (ledPin, OUTPUT); // declars LED as output

pinMode (inPin, INPUT); // declare pushbutton as input

fvoid loop () {

val = digitalRead(inPin); // zead input value

1f (val == HIGH) { !/ check if the input is HIGH
digitalWrite (ledPin, LOW):; // turn LED COFF

] else |

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

12
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Knight Rider Example

int pins[] = .4 =Z. =, =, L= . 7 I
int num pins = &

i E imezr

woid setup ()
i
inmt iz

foxr (i = ©O: i = num pins: 344}
pinMods (pins[i], SDUTPUT) ; PV S
]

woild loop ()
1

imt A

digitalwrite (pinsl(il, LoOowW) : T

for (i = 0O; i = num pins: i++) I o i o -
digitalWrite (pin=[ils: HIGH) 7 o - ' :
delay (timexr) a o : At fetaticdlickr.com
SRR W |
o N w W ‘

1

for (i = num pine — 1; i >= 0 i=—=)
digitalwrite(pins((il, HIGH) ;s
delay(timer) 7
digitalWrite(pins[i], T.OW):

T

Arduino-Digital Qutput-Sound-Piezo &

A Piezo is an electronic piece that converts electricity energy to sound. It is a
digital output device. You can make white noise or even exact musical notes (
frequencies for musical notes) based on the duration that you iterate between
HIGH and LOW signals.

13
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Arduino- Digital Output-Sound-Piezo

J/comnect piezo to pin 15 and ground
int fregs(] = {
1915, 1700, 1519, 1432, 1275, 1136, 1014, 956}:
J/string vuwones[] = {"do™, "re”, "mi*, "fa”","sol”,” la”, “si”, "do"}:
wvold setup() {
pinMode (13,00TPUT) ;
}
wold loop(){
for{int i=0:;i<8:iH+) {//iterating through notes
for{int j=0:;3i<1000;j4++){//the time span that each note is beirng played
digitalWrite {13 ,HIGH)
delayMicroseconds (Exegs(i]) ;
digitalWrite{(13,L0W) 2
delayMicroseconds (Exegs[i]) ;

LED’s Blinking rate using Analog Input

(Potentiometer)

/1 select the input pin for the potentiometer

int potPin

int ledPin = 13; // select the pin for the LED

int val = 0; // variable to store the value coming from the sensor

void setup()
pinMode (ledein, OQUTPUT); // declare the ledPin as an OUTBUT

|void loopl) |

val = analogRead (potPin); /{ read the valus from the sensor
digitalWrite(ledPin, KIGH); // turn the ledPin on
delay(val): // stop the program for some time

digitalWrite(ledPin, LOW); // turn the ledPin off

delay(val); // stop the program for some time

14
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Arduino-Analog Qutput-LED
Analog Out put is defined as sending signals from one of the digital pins on the Aurduino board that range between two extremes:

0-255
Out of 13 Digital pins on Arduino board the following pins can be used to signal out Analog output: 3,5,6,9,10,11

These are the pins with PVM label next to them on the board

RERI N VTR

For this exercise since we need to see the light variations, we are going to use a high
intensity LED. High Intensity LEDs emit more light than normal LEDs and it is easier

to detect light variations, using them.

15
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Arduino-Analog Qutput-LED

/f/pin 11,10,9,6,5,3 can be used for Analodg ourputc
wvoid setup(){

PpinlMode (11, OUTPUT): // Specirty
¥

wvoid loop () £

Arduino Pin mamber and output/input mode

analogWrite(ll, 255): /4 sending Analog output 255
delay(500) 2 A/ Wait for half a second
analogWrite{ll, 2Z00): A4 Sending Analog output zZ00
delay{500) : A/ Wait for half a second
analogiWricte{ll, 150): /4 Sending Analog output 150
delay (500} : A/ Wait for half a second
analogWrite(ll, 100): /¢ Sending Analog output 100
delay(500) // Waitc for half a second
analogWritce(ll, 50): /74 Sending Analog output 50
delay(500) S/ Wait for half a second
analogiirite{ll, 0}; S/ sending analog output O

delay (500)
}

/7 Wait for half a second

Arduino-Analog Qutput-LED Dimming Using Loop Structure

f/pin 11,10,9,6,5,3 can be used for Analog output

void setup () {
pinMode (11,

}

void loop() {

for{int i=255: i>0; i--){
analogWrite{ll, i):; // sending Analog output 255
delay(20) :

}

for{int i=0; i<255; i++){
analogWrite(ll, i): // sending Analog output 255

delay(20);

OUTPUT) ; // Specify Arduino Pin mumber and output/input mode

16
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Creating a bar graph using LEDs

const int NoLEDs = 8;

const int ledPing[] ={ 70, 71, 72, 73, 74, 75, 76, 77}

lapt Ly niln

ot 1Rt \AST
HCONStihtWwat

Creating a bar graph using LEDs

|

SAALTT T AN L]

(@)
Q
(@)

void loop() {

sensor Value = analogRead(analogl nPin); // read the analog in value

ledL evel = map(sensor Value, 0, 1023, 0, NoL EDs); // map to the number of LEDs

17
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Using Serial Communication

Method used to transfer data between two devices.

Data passes between the computer and Arduino through the USB cable. Data is
transmitted as zeros (‘0’) and ones (‘1’) sequentially.

S G v e i R B SRRC v P o 0 S SR ST

Serial Monitor & analogRead()

sketch_apr02a | Arduino 1.0.3 - o IEN

File Edit Sketch Tools Help

skatch_apriZa §

LA analogRead() < al.princi)
int sensorValue = 0;
int sensorPin = AOD;

wolid setup ()
Initializes the Serial Communication

! Serial.begin(92600})

, e

wvoid loop ()

1 9600 baud data rate

zensorValue = analogRead (AD) 2
REerial.printin{sensorvValue) ;

delay({l00): // waits by about 0.1 =ec . .
. 3 prints data tgs_

18



4/22/2016

Serial Monitor & analogRead()

= sketch_apr02a | Arduino 1.0.3 - o IEN

File Edit Sketch Tools Help Opens up a Serial Terminal

—— Window

skatch_apriZa §

A/ analogRead() <« Serial.printci)
£7

int sensorvVal = 0;
int sensorPin = AOD;

wolid setup ()
4
Serial.begin(9600):
pinMode (A0, INPUT);
}

wvoid loop ()

{
zensorValue = analogRead (AD) 2
REerial.printin{sensorvValue) ;
delav(l00): // waits by about 0.1 =sec

i g

void setup()

. 3
Serial.begin(9600) ; // opens serial port
¥ // sets data rate to 9600 bps

Note: When using serial communication, digital pins 0 (RX) and 1 (TX) cannot
be used at the same time.

void setup()

Serial.begin(9600); // sets serial to 9600bps
h
void loop()
{
Serial.println(analogRead(Q)); // sends analog value
delay(1000); // pauses for 1 second
¥

19
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Arduino-Digital Output-Motion-Servo Motor

Servo Motors are electronic devices that
convert digital signal to rotational movement.
There are two sorts of servo motors: Standard
servos that their rotation is limited to ‘
maximum of 180 degrees in each direction and < |l "PARALLAX
Continuous Rotation Servos that can provide ===
rotation unlimitedly in both directions

Arduino-Digital Output-Motion-Servo Motor

Asenvo motor is a motor that pulses at a certain rate moving its gear at
a certain angle. It has three connections: the black is ground, the red
is connected to 5V, and the white (yellow wire here) is set to the
digital pin.

> (cromd |

—

20
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Arduino-Standard Servo Rotation to Exact Angel

include <Tervo,ks

HArUO MmYysSsruvoz /S craste marwvo objecrt

int pos = 0O F/ wvariable to
roid setup ()
{
u myservo.attach(9) 2 S/ attaches the servo om pin 9 to the ssrvo objectc
+
wioid loop ()
{
myservo.attach(d) 7
for(pos = 0; pos < 180; pos += 1) S goes Erom 0 degrees to 180 degrees
{ 5 in = of 1 degcee
WYServo.write (pos) Sl tell rvo Co go
delav(15) - S/ waics l5ms for the
H
fori(pos = l80; pos>=1; pos-=1) ¥ goess Erom 100 degrees to 0 degrees
{
WYysServo.write (pos) £/ tell servo to go Lo position in variable 'pos’
delay(15) 2 S waits 15ms for the =servo to reach the position
3
myzervo.decach) 2 s/Detach the zervo if you are not controling it for a while

delay (2000) :

}

Arduino-Standard Servo Rotation to Exact Angel

#Hinclude <Servo h
HRCHHGE <SCrvoh

Servo myservo; // create servo object to control a servo
int pos=0; //variableto storethe servo position
void setup()

{

myservo.attach(9); // attachesthe servo on pin 9 to the servo object
}
void loop()

myser vo.attach(9);
for(pos=0; pos< 180; pos+= 1) // goesfrom O degreesto 180 degrees

{ /l'in steps of 1 degree

myser vo.write(pos); // tell servoto go to position in variable'pos
delay(15); /I waits 15msfor the servo to reach the position

myser vo.write(pos); // tell servoto go to position in variable'pos
delay( 15); // waits 15msfor the servo toreach the pgg'finn
}
myser vo.detach(); /IDetach the servo if you arenot controlingit for awhile

21



4/22/2016

Arduino-Controlling Standard Servo with User Input

woid setup() §
pinHode (5,.00TPUT) ; //set the pin Lo oulput
Serial.begin(96800) @ /sopen the aerial Lo print
Berial.print{"Ready™): /Awrite a message
Serial.printin{):

¥

wvoid loop(){

int val = Serisl.read(): //tead the =erial to =ee
if({val>='0" && wal <= '9'){ Sswhich key wasz pressed
wval = wval - '0':; /fconwert cthe character to an integer
wal = wal * (180/9): /r/9 divisions of 180 degrees
Serial.print("moving serxrwve to ")

Serial.prainciwval) >

Serxial.printin():

Lor(int a=0; a<lil: a++){

int pulseWidth = (wvalTll)+500; // See the formala above
digitalicite (5,HIGH) ;

delayMicroseconds (pulseifadch) ;

digicallirite (S, LOW) ;

delay (10) 7

— Table 11-1. LCD pin conneciions
“ Lpin Function Arduino pin

1 GndorWeorVis  Gnd

2 +5Vervad sV

3

4

s

6

7

F

9

22
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Using LCDs

#include <LiquidCrystal.h> //include thelibrary code
/lconstants for the number of rowsand columns in the LCD

o it nnmRenwe = 2-
consSt Mt NtimM~OWS ==,

Using PIR motion sensors

B e

Arduino

PIR Sensor

23



4/22/2016

Using PIR motion sensors

const int ledPin="77; /I pinfor theLED

const int inputPin = 2; // input pin (for the PIR sensor)
void setup() {

- Ugng ultrasonic sensors

-7

The “ping” sound pulse is generated when the pingPin level goes HIGH for two
microseconds.

The sensor will then generate a pulse that terminates when the sound returns.

24
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Using ultrasonic sensors

D P
const Tt pPImgrimm =9,

const int ledPin = 77; // pin connected to LED

void setup()

'l 'l U | g
int ping(int pingPin)
{

long duration, cm;

wn

25
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Audio output

tone(speakerPin, frequency, duration); // play the tone
ch
I

.
I

ar +hna + "ne + N
Ul cre tuoric tu

‘Wt f
vval t I

—

Aan) - |/
ror), T S
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