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What is Arduino?

IDE Community

Physical Device

e06 Arduino - 0010 Alpha Arduino playground Search:
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int ledPin = 13;
void setup()

pinMode(ledPin, OUTPUT);
}

void loop()

digitalWrite(ledPin, HIGH);
de Loy (1608);
digitalWrite(ledPin, LOW);
deloy (1608);

3

Turns oh an LED on for one d,
cond, and so on... We use pin 13 because,

board
that

, it has either a built-in LED
you need only an LED.

en/Tutorial/Blink

/ LED connected to digital pin 13
/ run once, when the sketch starts

/ sets the digital pin as output

run over and over again

s the LED on

:: About the Arduino Playground ::
Welcome to the Arduino Playground, a wiki where all the users of Arduing can
contribute and benefit from their collective research.

This is the place to post and share your own code, circult diagrams, tutorials, DIY
Instructions, tips and tricks, and after all the hard work, to show off your profects!

Ardyino Playground is a work In progress. We can use all the help you can give, 5o
please read the Pamicipate section and get your fingers typing!

:: RoadMap: What Needs to be Done? ::

Thieres 5. Iot o do...mest of the pages are just stubs, smple placeholders walting for
yeu to fil Enem up. However here is & small imap of things I personally think
should be developed first (again, this is a wikl 5o you are more than welcome to et in

Projects Built with Arduino
Manuals

Arduing Tutorials

Official tutorial page
Informaticn on the Arduina Mini
Blustoath tutonal

Xbea (Zigbee) tutoral

DIY Anuine Shiold

Swial LCD futorial

Loaming Eloatronics

Learming Programsmivg

Asuro Fiobot and Arduing

Let the Ardulne Sleep

Buming Bootloaders
CourseiWara

Stand alone 3.3V B MHz
Programming the Blustooth WT11
Ratrofitting Cecimila AutoReset
Bam Bones *Diccimila* Upgrda

Run Arduina an....
Linusx

Ubwnty Linux
Dusbian Lirux
Gentoo Linux
Slavkware Linux
Free8SD

Fedora Linux.

The command line

Interface Arduina with...
Instant Reality (X30)
Fiash

Processi

PO Pura Datal

http://www.arduino.cc



Arduino Philosophy and Community

Open Source Physical Computing Platform
“open source hardware”
open source: free to inspect & modify

physical computing
ubiquitous computing
pervasive computing
ambient intelligence
calm computing
Spimes
Blogjects

smart objects
Community-built
Examples wiki (the “playground”) editable by anyone

Forums with lots of helpful people



Arduino Hardware

-~ Similar to Basic Stamp (if you know of it)

but cheaper, faster, & open

- Uses AVR ATmega328 microcontroller chip

O

chip was designed to be used with C language

The designer of the AVR purposefully arranged its registers and instruction set so that C
programs would compile efficiently on it. This is a big deal, compared to previous
microcontrollers where C programs were almost always less efficient than a hand-coded

assembly language variant.




Arduino Hardware Variety
—

- Openness has its advantages, many different varieties.

- Anyone can build an Arduino work-alike in any form-factor they want

ARDUINO

ARDUINO/GENUINO
STARTER KIT

ARDUINO YUN

A NIg,




Arduino Capabilities

16 kBytes of Flash program memory
1 kByte of RAM

16 MHz (Apple Il: 1 MHz)

Inputs and Outputs
14 digital input /output pins
6 analog input pins

6 analog output pins (pseudo-analog, uses PWM ,
which we’ll talk about later)

Completely stand-alone: doesn’t need a computer once
programmed

* Don't worry if the above doesn’t make sense, you don’t
really need to know it.



Arduino Types Comparison

Operating /

CPU

Analog

EEPROM

Flash

Name Processor Input Voltage Speed In/Out Digital IO / PWM [KB] SRAM [KB] [KB] UART
Ethernet ATmega328P 5V/1-12V 16 MHz 6/0 14/4 1 2 32 -
Leonardo ATmega32U4 5V/7-12V 16 MHz 12/0 20/7 1 2.5 32 1
LilyPad ATmega328P 2.7-55V 8 6/0 14/6 0.512 1 16 -

MHz
Mega ADK ATmega2560 5V/7-12V 16 MHz 16/0 54/15 4 8 256 4
Micro ATmega32U4 5V/7-12V 16 MHz 12/0 20/7 1 2.5 32 1
Mini ATmega328P 5V/719V 16 MHz 8/0 14/6 1 2 32 -
Nano ATmega328P S5V/79V 16 MHz 8/0 14/6 1 2 32 1
Uno ATmega328P 5V/7-12V 16 MHz 6/0 14/6 1 2 32 1
Yun AR9331 Linux 5V 4OOZMH 12/0 20/7 1 16MB 64 MB 1
Zero ATSAMD21G18 33V/7-12V 48 MHz 6/1 14/10 - 32 256 2




Arduino Uno

Microcontroller ATmega328

Operating Voltage 5V

3nid asn

Input Voltage (recom) 7-12V

Ajddng 1amog jeusayx3

Input Voltage (limits) 6-20V

H Digital 1/0 Pins 14 (6 PWM)
2 :: Analog Input Pins 6
" § " % DC Current per I/O Pin 40 mA
£7i {9 DC Current for 3.3V Pin_ |50 mA
$3] £ Flash Memory 32 KB (0.5 KB bootloader)
.3 g g SRAM 2 KB
: S EEPROM 1 KB
3 E Clock Speed 16 MHz
:E Length 68.6 mm
Width 53.4 mm
Weight 259
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Arduino Terminology

“sketch” — a program you write to run on an
Arduino board

“pin” — an input or output connected to something.
e.g. output to an LED, input from a knob.

“digital” — value is either HIGH or LOW. (aka
on/off, one/zero) e.g. switch state

“analog” — value ranges, usually from 0-255. e.g.
LED brightness, motor speed, etc.



verify;sketch

currentitab, ;.. . o;

Arduino Software

compile,and|upload sketch to Arduino

DEWSKSCN) csveritiatih open|Serial|Monitor,

UL
Fading | Arduino 1.0

3 .‘~\9_L‘”_n-8_k.e.t4c.n"' 3. 1L/t ": "

to kesp the 1AD/MENU
ledpin = 9; t o to d .
¢ the sketch named
C Fading's source code
for(value = 8 5 value <= 255; values=5) f

{
nalogdrite(ledpin, value);
10 lay(78);
for(value = 255; value >ed; value-«5)

malogérite(ledpin, value);
eloy(78);

}

The Editor

uino Duemilanove w/ ATmega328 on /dev/tty.usbserial-AB0OfBgT

The Arduino IDE

- Like a text
editor

- View/write/e
dit sketches

~ But then you

program them
into hardware



Installing Arduino

Get the Arduino software & unzip it
Plug in Arduino board

Install the driver

Reboot

Run the Arduino program
Tell Arduino (program) about Arduino (board)



Plug in Arduino board
N
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Power LED should stay on



Windows Driver Install

Found Mew Hardware Wizard

Welcome to the Found New
Hardware Wizard
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Click Next to cortinue

Found New Hardware Wizard

Pleaze choose your search and installation options.

(&) Search for the: best dnver in bese Iozalions.

Lsze the checs bowes below o liik o e4pand the delaut seanch, whick neldes keal
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What do you wani the wizard to do?
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Click Next to cortinus.

Found New Hardware Wizard

Completing the Found New
Hardware Wizard
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= USE Senal Converber

Click Finith to choge the wzard




Mac Driver Install

Double-click on .dmg Installer
306 R | drivers =

[z =) (%) (= a
Bl Arduino 05.app Fl FTDIUSBSerialDriver_v2_1_6.dmg
| bootloader S B FTDIUSBSerialDriver_v2_2_6_intel.dmg
| drivers 2| KeyspanUSAdrvr20.dmg
| examples -
[ lib »
M librxtxSerial.jnilib
® 2 license.txt
® macosx_setup.command
= readme.txt
| reference =
|7 tools 3

1l 1l

( - - - - — — — — — — — — — — — — — —J 4

2 of 3 selected, 4.42 GB available = 7

® v2 | 6 for PPC Macs
® v2 2 6 for Intel Macs




Selecting Location & Type

File Edit Sketch |Tools| Help

Auto Format
Archive Sketch

Clazslt.Biink Fix Encoding & Reload
const int LED|  serial Monitor Ctrl+ Shift+M
void setup() Eoard =
{ ,

pinMode {LED Serial Port »
! Programmer »
void loop () Burn Bootloader

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

T e

Auto Format ®T
Copy for Discourse
Archive Sketch

duino - 00

Arduino
Arduino
Arduino
Arduino
v Arduino

Serial Port >

Burn Bootloader >

int ledPin = 13;

LilyPad Arduino

II‘ Arduino Uno

Arduino Duemilanove w/ ATmega328
Arduino Diecimila or Duemilanove w/ ATmega168
Arduino Nano w/ ATmega328
Arduino Nano w/ ATmega168
Arduino Mega 2560 or Mega ADK
Arduinc Mega (ATmega1280)
Arduino Leonarde

Arduino Esplora

Arduino Micro

Arduino Mini w/ ATmega328
Arduino Mini w/ ATmegal68
Arduino Ethernet

Arduino Fio

Arduino BT w/ ATmega328

Arduino BT w/ ATmega168

LilyPad Arduino USB

1ikNad Acdiiinn ciaf AT an=320

10 Alpha

BT
NG or older w/ ATmega8

NG or older w/ ATmegal68
Mini
Diecimila

<

File Edit Sketch |Tools| Help

Auto Format Ctrl+T
Archive Sketch
Classic_Blink. £y Encoding & Reload
constdneyLED Serial Monitor Ctrl+Shift+M
void setup() Board »
{ .
pinMode (LED Seval Fort : vl oMt
¥ | COM5
} Programmer 4 .‘—‘
void loop() Burn Bootloader
{
digitalWrite (LED,HIGH)
delay(1000);

digitalWrite (LED,LOW) ;
delay(1000);

usually highest numbered port

th Help ¢
Auto Format 3T wduino - 0010 Alpha

Copy for Discourse
Archive Sketch

Board >
Serial Port /dev/tty.usbserial-000014FD
J/dev/cu.usbserial-000014FD

/dev/tty.RooTooth-COMO-3
fdaulri RanTrnthoCOMNA-2

starts with tty.usbserial

Burn Bootloader



Arduino IDE

compile and|upload sketch to/Arduino

verlf!;sketch

open|Serial|Monitor,

Fading LED

/7 by BARPAGAN <ttp://peOPN[8KGLCN ) co. 1 n.rarragaro
cumm’tabt value = 8; // variable to keep tt

nt ledpin = 9; light connected to digital pin 9

void setup()

€, a1y 1€ Sketch named The Arduino IDE
: Fading's source code

void loop()

for(value = @ ; value <= 255; values=B) // fode In (from min Lo sax)

onalogérite{ledpin, value); // sets the value (range from 9 to 255)
delay(70); // waits for 3 milli secords to see the dins
for(value = 255; value >e@; value-«5) // fade cut (frow wox to nin)

analogérite(ledpin, volue);
telay(70);
}
}

The Editor

Errogconsole

Arduino Duemilanove w/ ATmega328 on /dev/tty.usbserial-AB0OfBgT




Using Arduino

- Write your sketch

- Press Compile button (to check

for errors)

Arduino board with your sketch

“File /Examples/Basics/Blink”

otd SQtup() {
pintode(ledPin, OUTPUT);

¥
oid loop() {

¥

iigitalWrite{ledPin, HIGH); sets t

fe 0y (1000);

digitalWrite(ledPin, LOW);

1210y(1000);

Press Upload button to program

Try it out with the “Blink” sketch!
- Load

@' compile

upload

TX/RX flash

oW
AR
sketch runs



Status Messages

Size depends on
complexity of your sketch

Uploading worked

Binary sketch size: 1110 bytes (of a 14336 byte moximum)

Wron g se rial port selected Serial port */dev/tty.usbserial-A4001qa8" not found. Did you select th

Wrong board selected Wrong microcontroller found. Did you select the right board from the

DLMAArY SKETLN S1LE: 000 OYyTES (\UT G 7100 DYTE mOximum)

nerdy cryptic error messages



Troubleshooting

Most common problem is incorrect serial port setting

If you ever have any “weird” errors from the
Arduino environment, just try again.

The red text at the bottom is debugging output in
case there may be a problem

Status area shows summary of what’s wrong



| made an LED blink, so what?

Most actuators are switched on and off with a
digital output

The digitalWrite() command is the software portion
of being able to control just about anything

LEDs are easy, motors come in a bit

Arduino has up to 13 digital outputs, and you easily
can add more with helper chips



Development Cycle

Make as many changes as you want
Not like most web programming: edit — run

Edit = compile — upload — run

pileHupload




Lots of Built-in Examples
_

© sketch_feb12a | Arduino 1.5.2

dain Npaeka Ckety Cepsuc Cnpaska
rc‘osrx.larb Ctrl+h
OTKPbITE... Ctrl+0
Manka co ckeTyamm » ‘
MpHmMepb! »  0O1.Basics 4 AnalogReadSerial ~
3aKpbITh Chrl+w 02.Digital »  BareMinimum
CoXpaHnTL Crl+s 03.4nalog ) Blink ‘
COXPaHNTL KaK... Chrl+Shift+5 04,Communication »|  DigitalReadSerial And more here:
3arpysuTe Ctrl+uU 05.Control » Fade . . .
G -/~ [ 7 151 Y. |[pipa— http://www.arduino.cc/en/TutorialHomePage
07.Display »| .
HacTpoiku newatv Ctrl+Shift+P 08.5trings §
Mevate Ctrl+P ot 5
HacTpoiiki Ctrl+Comma 10.5tarterkit »
| ArduinoISP
Beixoa Ctrl+Q
EEPROM »
Esplora »
Ethernet »
Firmata »
IRremote »
LCD4Bit_mod »
LiquidCrystal »
sD » v
< Servo » [ j
SoftwareSerial ~ »
SPI »
Stepper 13
WiFi »
Wire »

Arduino Uno on COM40

And all over the Net. Search for “Arduino tutorial” or “Arduino notes” or whatever you’re interested in and “Arduino”
and likely you'll find some neat pages.



Proteus ISIS Simulation System

% prj - Proteus 8 Professional - Schematic Capture

File Edit View Tool Design Graph Debug Library Template System Help
DEES AEECERR =0 |BFE+ | +Q2801% D¢ ¥nR|EEEE Q% [k DR R

B8 Schematic

Proteus is a CAD (Computer Aided Design) type
software package

It combines the two main programs:

ISIS — is a program for developing and debugging electronic
circuits in real-time mode

ARES — PCB (Printed Circuit Board) design tool
| L =

oG ow<|U10
Ttz

+1|°0Q| +@m>8




Proteus Menu and Navigation

File View Edit Tools Design Graph Source Debug Library Template System Help
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Creating a Circuit on Proteus
=

i5i5 UNTITLED - ISIS Professional 3 =101 %]
File View Edit Tools Design Graph Source Debug Library Template System Help
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Connecting Elements
N

55 UN ) Frofe DA -IUI_K_I
File Yew Edit Tools Design Graph Source Debug Library Template System Help
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C TERMINALS | D SR
DEFAULT [l == = o o e _o/,O:
INPUT A BN

OUTPUT
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Simulation

G5 UN L Frofe Dld U )

File View Edit Tools Design _graph ;‘iource Debug Library Template System Help
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R
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TFYT‘.} .............

[coF |+t || Ipiuimio REL: . S AIBIVARL
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Installing Arduino Library for Proteus

For Windows XP
Copy file BLOGEMBARCADO.LIB into:

C:\Program Files\Labcenter Electronics\Proteus 8 Professional\Data\LIBRARY

For Windows 7 and later

Copy file BLOGEMBARCADO.LIB into:
C:\ProgramData\Labcenter Electronics\Proteus 8 Professional\LIBRARY



Loading the compiled file to Proteus
N

- File => Preferences -> Show verbose output during compilation

i

Sketchbook location:
lC:'\Documents and Settings\AdministratoriMy Documents)Arduino| Browse I

Editor font size: |12 (requires restart of Arduina)

Show verbose output during: [v compilation |~ upload

[V Delete previous applet or application Folder on export

|~ Use external editor

v Check For updates on startup

[V Update sketch files to new extension on save {.pde -> .ino)

v aAutomatically associate .ino files with Arduino

More preferences can be edited directly in the file
C:\Documents and SettingsiAdministratoriApplication Datalarduinoipreferences. txt
{edit only when Arduing is not running)

OK Cancel




Loading the compiled file to Proteus

Select and copy the location of .hex file

C:\Users\zain\Desktop\arduino-1.6.5- rs\hardhare\tccls\a'r’bln,avr ar rcs C:\Users\zain\AppData
C:\Users\zain\AppData\Local\ Temp\buﬂlirilelt(Bl}iQEEK ’%Bléﬁp\hStrlng Cpp.o
C:\Users\zain\Desktop\arduino-1.6.5-r5\hardwgrg\tools\avr/bin/avr-gcc -w -0s -Wl,--gc-sections
C:\Users\zain\AppData\Local\Temp\build724311 6241365.tmp/Blink.cpp.elf C:\Users\zain\AppD]
C:\Users\zain\AppData\Local\Temp\build724311 6241365.tmp/core.a -LC:\Users\zain\AppData\ILq
:\Users\zain\Desktop\arduino-1.6.5-r5\hardg ¥s\avr/bin/avr-objcopy -0 ihex -j .eeprom -
--change-section-lma .eeprom=0 u.‘Users\zaln a\Local\Temp\build7243111610766241365.tmp/B

-R .eeprom C

Sketch uses 1,030 bytes (3%) of program storage space. Maximum is 32,256

Global variables use 9 bytes (0%) of dynamic memory, leaving 2,039 bytes for local variables.

<
4 Arduino/Genuino Uno on COMS



Loading the compiled file to Proteus

Double click

i5is Edit Component N

fv_
= ienlel E

% 2 i |z
i

B8

peEzeRzg

Z-{?;HHH

L1

LELE]

HER858858

T

5588586638

Part Reference:
Part Value:

Element:

PROGRAM FILE:
Clock Frequency:
NAME:

LRL:

VERSION:

Advanced Properties:

Hidden: [
[SIMULIND MEGA Hidden: [

I LI NewI

I..'\..\AppDala\LocaI\T emphbui

Hide &ll

L

0K
Hidden Pins
Device Notes

Edit Firmware

Cancel

B

[SIMULIND MEGA [Hide sl |
Ihhjgernt-arcvadl:n. blogspft. com l Hide &l Z|
K [Hide sl |

Disassemble Binary Code

Other Properties:

Ll

~l[No | [Hide a1

[ Exclude from Simulation
™ Exclude from PCB Layout
™ Exclude from Bill of Materials

L

[~ Attach hierarchyfnodule
™ Hide commot pifls
™ Edit all propertiedlas text

Paste the location of .hex file here




Useful Links

Official homepage. Also check out the Playground & forums

Lots of useful information about Arduino and programming language on Russian
language

Arduino video tutorials
Arduino starter kits, Boarduino Arduino clone, lots of cool kits

Sells Arduino boards and lots of neat sensors & stuff
Books:
“Arduino cookbook”, Michael Margolis
“Arduino programming notebook”, Brian W. Evans
“Getting started with Arduino”, Massimo Banzi



Some Common Commands

Serial.printin(value);
Prints the value to the Serial Monitor on your computer

pinMode(pin, mode);
Configures a digital pin to read (input) or write (output) a digital value

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

digitalWrite(pin, value);
Writes the digital value (HIGH or LOW) to a pin set for output

delay(value)
Stops the program execution for amount of milliseconds given by value



Hidden Treasure
N

int main(void)
{
init(); // initializes the Arduino hardware
setup() ;
for (;;)
loop();
return 0O;



Tasks

Blinking LED on 12™ pin

3 LEDs blink by order (interval - 15)
Traffic lights (Rd-5s, YI-1s, Gr-5s, Yl-1s ...)
3 LEDs binary counter (0-7)

4 LED ripple



Arduino data types
N

Numeric types Bytes  Range Use

int 2 -32768 to 32767 Represents positive and negative integer values.

unsigned int 2 0to 65535 Represents only positive values; otherwise, similar to int.

long 4 -2147483648 to Represents a very large range of positive and negative values.
2147483647

unsigned 4 4294967295 Represents a very large range of positive values.

long

Numeric types Bytes  Range Use

float 4 3.4028235E+38 to Represents numbers with fractions; use to approximate real-
-3.4028235E+-38 world measurements.

double 4 Same as float In Arduino, double is just another name for f1oat.

boolean 1 false (0) or true (1) Represents true and false values.

char 1 -128t0127 Represents a single character. Can also represent a signed value

between -128 and 127.

byte 1 00255 Similar to char, but for unsigned values.

Other types

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

void Used only in function declarations where no value is returned.



Flow control

1. if
if (expression){ //if expression is true if (inputPin < 500) {
doSomething;

2. if.. else

if (inputPin == HIGH) {
doThingA;

} else(
doThingB;

}

3. for

for (initialization; condition;
doSomething;

}

4. while

while (expression) {
doSomething;

5. do.. while
do {
doSomething;
} while (expression);

expression) {

doThingA;

}

else if (inputPin >= 1000) {
doThingB;

}

else{
doThingC;

for(j=0; j < 4; j++ ){
Serial.println(j);
}

while (someVariable < 200){ //if less than 200
doSomething; // executes enclosed statements
someVariable++; // increments variable by 1

}

do{ // assign readSensors value to x
X = readSensors() ;
delay (50); // pauses 50 milliseconds
} while (x < 100); // loops if x is less than 100



Using Floating-Point Numbers

OUTPUT:
float value = 1.1; 1.00
void setup() { 0.90
Serial .begin (9600) ; 0.80
}
void loop () { 0.70
value = value - 0.1; 0.60
//reduce value by 0.1 each time through the loop 0.50
if( value == 0) 0.40
Serial.println("The value is exactly zero"); 0.30
else if (fabs(value) < .0001) 0.20
//function to take the absolute value of a float
. . . 0.10
Serial.println("The value is close enough to zero");
else The value is close enough
Serial.println(value) ; to zero
delay (100) ; -0.10
} -0.20

This is because the only memory-efficient way that floating-point numbers can contain the huge
range in values they can represent is by storing an approximation of the number.
The solution to this is to check if a variable is close to the desired value.



Arrays

Arrays are zero indexed, with the first value in the array beginning at index number
0. An array needs to be declared and optionally assigned values before they can
be used.

int myArray[] = {valueO, valuel, value2...}

Likewise it is possible to declare an array by declaring the array type and size and
later assign values to an index position

int myArray[5]; // declares integer array with 5 positions
myArray[3] = 10; // assigns the 3rd index the value 10

To retrieve a value from an array, assign a variable to the array and index position:

first = myArray[0]; // this is the first element
last = myArray[4]; // this is the last element



Tasks with arrays and loops

3 LEDs blink by order (interval - 15)
Traffic lights (Rd-5s, YI-1s, Gr-5s, Yl-1s ...)
3 LEDs binary counter (0-7)

4 LED ripple



