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What is Arduino!

The development
environment

The hardware The community
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Why Arduino!

W artists & designers
W “opportunistic prototyping”

W device hacking & reuse

W “‘open source hardware”

W Open Source Physical Computing Platform

W open source

W free to inspect & modify

W community

¢ wiki, forums, tutorials




The Nuts & Bolts

W physical computing. er, what! ubiquitous computing,
pervasive computing, ambient intelligence, calm
computing, everyware, spimes, blogjects, smart
objects...

W tiny computer you can program

)

W completely stand-alone, talks to other devices

W C W Ruby
W Flash W Python
W Processing W PHP
W PD Y Matlab

W Max/MSP W Squeak (Smalltalk)




“Physical Computing is about prototyping with electronics,
turning sensors, actuators and microcontrollers into materials for
designers and artists.”

"It involves the design of interactive objects that can communicate
with humans using sensors and actuators controlled by a behaviour

implemented as software running inside a microcontroller.”

Massimo Banzi, Tinker.it & Arduino Co-Founder




Examples of Arduino
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Examples of Arduino
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Examples of Arduino




Examples of Arduino
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Arduino Capabilities
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Arduino Capabilities

W 16 kBytes of Flash program memory
W | kByte of RAM

W 16 MHz (Apple Il: | MHz | Intel 286: 12.5 MHz /
Intel Core 2: 3 GHz)

W inputs and outputs

W |3 digital input/output pins
W S analog input pins

W 6 analog output pins (PVWM only)




USB
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W Analog Reference pin ( )

W Digital Ground ( )

¢ Digital Pins 2-13 ( )

< Digital Pins 0-1/Serial In/Out - TX/RX (dark

green)

These pins cannot be used for digital i/o
(digitalRead and digitalWVrite) if you are also
using serial communiation (e.g. Serial.begin).

W Reset Button - S| (dark blue)

. W In-circuit Serial Programmer ( )
W Analog In Pins 0-5 ( )
W Power and Ground Pins (power: ,
grounds: )

*/ y¢ External Power Supply In (9-12VDC) - X|

(Pink)

Layout of an Arduino

W Toggles External Power and USB Power (place
jumper on two pins closest to desired supply) -

SVI ( )

W USB (used for uploading sketches to the board
and for serial communication between the board
and the computer; can be used to power the

board) ( )




Arduino Glossary

W Sketch” - program that runs on the board

W pin” - input or output connected to something, e.g.
output to an LED, input from switch

W digital” - | (HIGH) or 0 (LOW) value (i.e. on/off)
W analog” - range (0-255 typically), e.g. LED brightness

W wiring drawing shows the interconnection (physical
layout) of all devices and components

W schematic drawing shows underlying logic may not link
back to physical layout
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Arduino 1O

Bluetooth - BlueSmirf
Internet - MatchPort

Many others:
Wifl, IrDa, Zigbee, etc.




Arduino 1O

Motors:
DC, Steppers, Servos




Arduino 1O

Sensors:
Flex, IrDa, Switches,
FSR, Accelerometers




Arduino 1O

Custom Hardware:
e.g.VMusic 2 MP3 player
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Diagrams
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Track
(all connected)

Drilled or cut holes
(breaks connection)

Stripboard /
Perfboard
Example
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Tracks run this way component spacing.
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stripboard diagramming




Books & first time
prototyping advice

e Making Physical
Embedded Things Talk Computing

/ /%/ W Blogs,YouTube,
e = and Google

th Compute

Dan O'Sulivan and Tom oo

O'REILLY

Color 15t pand 2"9 band 3™ band (multiplier) 4'" band (tolerance) Temp. Coefficient

-G ———

: . Not direction
) Resistor .
sensitive
Green 5 5 x10° +0.5% (D)
Blue 6 6 x108 +0.25% (C)
Violet 7 7 x107 +0.1% (B) LED ﬁ
Gray 8 8 <108 +0.05% (A) . .
Whte 8 9 x10° short leg is negative &
Gold 10 5% () goes to the ground
Silver %1072 +10% (K)
None +20% (M)




( ) i-cubeX

) Lego
Mindstorm  Phidgets

O ( ) Make Controller

() Wiring
(_) BasicStamps
() Arduino

Bare / custom ()
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() Lego
Mindstorm  Phidgets

O ( ) Make Controller

() Wiring
(_) BasicStamps

) Arduino

Bare / custom ()
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w Lego Mindstorm NXT
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Programming




Programming an
- Arduino

. On |
h _/

W Write program

| Reset |
W Compile (check
PI3
| Pt for errors)
— Press Reset
Wait 5 |
 Ses For W Reset board
Upiosd execute W Upload to board
New - Existing

\  Sketch / \  Sketch /
\'—‘/ \—/




An Arduino “Sketch”

Global Variables | ¢ Declare variables at top

—_—————

setup()

< Initialize

W setup() — run once at beginning, set pins

W Running

loop() W 1loop() — run repeatedly, after setup()




eraction

~ An Arduino “‘Sketch”

|

I Nt

aes
e

g
.

11

cerl

3
| loop() |

int ledPin = 138; — led
connected to control pin |3

int aSensor = 0; — setup
sensor 'aSensor' on analog pin 0

int statePin = LOW; — use this
to hold the state of a pin




1O N

InNnteract
design
centre

3
| loop() |

pinMode() — set a pin as input
or output

serial.Begin() — setup to talk’
to the computer




. y | W { |

Interaction

~ An Arduino “‘Sketch”

|

des
en

g
.

C t

3
| loop() |

pinMode(ledPin, Output); —
set the pin 'ledPin’ as an output

serial.Begin(9600); — talk to
the computer at 9600 baud rate




An Arduino “Sketch’” —

loop()

aaaaaaaaaaaaaa

ooooo

digitalWrite() — set a digital pin high/low
digitalRead() — read a digital pin’s state
analogRead() — read an analog pin
analogWrite() — write an “analog” PVWM value
delay() — wait an amount of time

millis() — get the current tim




Input / Output

llllllllllllllll

e
—
Digital
N — ©
ZZa rduino -
htt) CC
. - - 5T . .
— I M 3
v - P
— D1
- a p
- ] I w IC 1
L & : ; POWELER Analog in
(LY oY O/ '] 1 ) < ,1

W |4 Digital 10 (pins 0 - | 3)
W 6 Analog In (pins 0 - 5)
W 6 Analog Out (pins 3,5,6,9, 10, I I




Digital ? Analog !

W Digital — only has two values: on/off
W Analog — has many (infinite) values

W Computers don't really do analog - use
quantization instead




Digital ? Analog !

W Many states (Analog) or just
two (HIGH/LOW - Digital)

W Number of states (or “bins™) is 1
resolution

+ >

W Common computer resolutions:

I L
W 8-bit = 256 states | ..._+_._H e N

W |6-bit = 65,536 states ! L] Tme e mileconc

v 32-bit = 4,294,967,296 states




|O to/from what!

Sensors Actuators
W LDR /IR W Solenoid
W Switch /
Potentiometer / W Stepper Motor
Joystick / Piezo
W Accelerometer Other Circuits

v Ultrasonic

, W Prototype shields
Indicators

w LED / Lamps W Special ICs
W Buzzers




What is a switch!?

What Is a Switch?

Internet of Things Studio, RISD ID 2007




Hello World!

void Setup() W Install latest Arduino IDE from arduino.cc
{ W Run Arduino IDE
// S’l?&I’t Se?la’l pOI’t at 9600 bpS W Write the code on the left into the editor
Serial.begin(9600);
} @ W Compile /Verify the code by clicking the play
button
void loo W Before uploading your sketch, check the board and
p() the serial port are correct for your Arduino and for
{ your computer

Serial.print("Hello World!\n\r");
// wait sec for next reading:
delay(gOOO), Menu -> Tools -> Serial Port

} o W Upload the code from the computer to the
-l Arduino using the upload button

Menu -> Tools -> Board



http://www.arduino.cc/
http://www.arduino.cc/

/* Blinking LED ---
* turns on and off a light emitting diode(LED) connected to a digital
* pin, based on data coming over serial

"/

int ledPin = 13; // LED connected to digital pin 13
int inByte = O;

void setup()

{
pinMode(ledPin, OUTPUT); // sets the digital pin as output
Serial.begin(19200); // initiate serial communication

)

void loop()
{
while (Serial.available()>0) {
inByte = Serial.read();

}
if (inByte>0) {

digitalWrite(ledPin, HIGH); // sets the LED on
} else {

digitalWrite(ledPin, LOW); // sets the LED off

}




/* Blinking LED ---
* turns on and off a light emitting diode(LED) connected to a digital
* pin, based on data coming over serial

"/

int ledPin = 13; // LED connected to digital pin 13
int inByte = O;

void setup()

{
pinMode(ledPin, OUTPUT); // sets the digital pin as output
Serial.begin(19200); // initiate serial communication

)

void loop()
{
while (Serial.available()>0) {
inByte = Serial.read();

}
if (inByte>0) {

digitalWrite(ledPin, HIGH); // sets the LED on
} else {

digitalWrite(ledPin, LOW); // sets the LED off

}




/* Blinking LED ---
* turns on and off a light emitting diode(LED) connected to a digital
* pin, based on data coming over serial

"/

int ledPin = 13; // LED connected to digital pin 13
int inByte = O;

void setup()

{
pinMode(ledPin, OUTPUT); // sets the digital pin as output
Serial.begin(19200); // initiate serial communication

}

void loop()
{
while (Serial.available()>0) {
inByte = Serial.read();

}
if (inByte>0) {

digitalWrite(ledPin, HIGH); // sets the LED on
} else {

digitalWrite(ledPin, LOW); // sets the LED off

}




/* Blinking LED ---
* turns on and off a light emitting diode(LED) connected to a digital
* pin, based on data coming over serial

"/

int ledPin = 13; // LED connected to digital pin 13
int inByte = O;

void setup()

{
pinMode(ledPin, OUTPUT); // sets the digital pin as output
Serial.begin(19200); // initiate serial communication

)

void loop()
{
while (Serial.available()>0) {
inByte = Serial.read();

}
if (inByte>0) {

digitalWrite(ledPin, HIGH); // sets the LED on
} else {

digitalWrite(ledPin, LOW); // sets the LED off

}




/* Digital reading, turns on and off a light emitting diode (LED) connected to digital
* pin 13, when pressing a pushbutton attached to pin 7. It illustrates the concept of
* Active-Low, which consists in connecting buttons using a 1K to 10K pull-up resistor.

*/

int ledPin = 13; // choose the pin for the LED
int inPin =7; // choose the input pin (button)
int buttonval = O; // variable for reading the pin status

void setup() {
pinMode(ledPin, OUTPUT); // set LED as output
pinMode(inPin, INPUT); // set pushbutton as input
Serial.begin(19200); // start serial communication to computer

}

void loop() {
buttonval = digitalRead(inPin); // read the pin and get the button's state
if (buttonval == HIGH) { // check if the input is HIGH (button released)
digitalWrite(ledPin, LOW); // turn LED OFF
Serial.write('0"); // Button off (O) sent to computer
} else {
digitalWrite(ledPin, HIGH); // turn LED ON
Serial.write('l"); // Button on (1) sent to computer




/* Digital reading, turns on and off a light emitting diode (LED) connected to digital
* pin 13, when pressing a pushbutton attached to pin 7. It illustrates the concept of
* Active-Low, which consists in connecting buttons using a 1K to 10K pull-up resistor.

*/
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} else {
digitalWrite(ledPin, HIGH); // turn LED ON
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/* Digital reading, turns on and off a light emitting diode (LED) connected to digital
* pin 13, when pressing a pushbutton attached to pin 7. It illustrates the concept of
* Active-Low, which consists in connecting buttons using a 1K to 10K pull-up resistor.

*/

int ledPin = 13; // choose the pin for the LED
int inPin =7; // choose the input pin (button)
int buttonval = O; // variable for reading the pin status

void setup() {
pinMode(ledPin, OUTPUT); // set LED as output
pinMode(inPin, INPUT); // set pushbutton as input
Serial.begin(19200); // start serial communication to computer

}

void loop() {
buttonval = digitalRead(inPin); // read the pin and get the button's state
if (buttonval == HIGH) { // check if the input is HIGH (button released)
digitalWrite(ledPin, LOW); // turn LED OFF
Serial.write('0"); // Button off (O) sent to computer
} else {
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Serial.write('l"); // Button on (1) sent to computer




Spooky Skull Example
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Spooky Arduino Skull
http://todbot.com/




To / From
Other
Software




Pure Data

e 06 arduino-test.pd - /Users/hans/cvs/pure-data/externals/hardware/arduino

The [arduino] object works with the Firmata firmware for Enport hardware r-|app1ng_| start polling have fun!
Arduino (previously known as Pduino firmware).
etro 4
turn on output mode for each pin (off=input) 114, 32, 100, 13 " "
612345678 910111213 012345678 910111213 I O
[T LT [mf []

open_3(

Pt _control [0-1]

of f[ | | -to-arduine-....-------------- close
—
. serial port # which analogIns to enable: comport 3 11520J port number 3 (on my macbook, Yours might be a different
pwm 11 0 one)
] (W TTTTTT1] (O [2[3[4Tx6]7] Edmake_my_listl

Epen 1( Elose[

naLogIns 51

enable/disable digitallns unpack t t S e e t
s @@@@@E@@&@&umu in 2 - 12

| | analog in 5
analog in 4
analog in 3

info[ |version

Dpul.se all outputs
Ed sending digital outs

|pd raw P'AM|

dumo H <. argument sets port # all changes
: - -= = -—519 analog in 2
firmata version 1.0 spigot N>X] L-.] ’

498 analog in 1

Iﬁd debugé_ing stuf?] analog in 0

route analog

[route 8 123456 7 route digital version|
— 7 | N~ [unpack 0 0

Ed dls'_ﬁtay values without peé_g'lng the CPEI n T I\ *
e B N e 1 9 \A Pd u I no
[0.093) [0.094 [@ ) [@ ) [11.86 [0.599 [0.148 [0 ) Loute 0812345678

e I-[ IE 0

4 56 7 8 910111213

(C) Copyright 2006 Free Software Foundation released under the GNU GPL \Al\r SI mPIeMessageS)’Stem




Flash

// arduino serial proxy helper
// send messages from arduino to your

W Serial Proxy // serial port >> socket
(X M LSocke ¢ server) a // and read it through flash
small program that runs #define inPin 2
on your Mac/PC and o1 86EIDO) |
: . voi up
keeps a live connection Serial begin(9600):
between the serial port }
and Flash void loop(){

byte readValue=digitalRead(inPin);
if(readValue == HIGH){
Serial.print("high");
Serial.print(O, BYTE);
}
}




Z Macromedia Flash Professional 8 - [SerialServerExam -10] x|
File Edit View Insert Modify Text Commands Control Window Help

£ Serial Server ] =10| x|

Flas h EXa Ie 9001 <Socket = ------om- <Serial> | COM1 El
Waiting e <0K= v
I I lP Dl |9600 |
<TestSend || Clestoeniss

:.J J Layer 2

Got connection to COM1 at 9600

I™ Use decimals instead of letters. Clear |

@ Q . ¥ Actions - Frame = )
@R PGB E @@L \ Script Assist @
Colors
1 createl3ocket () -
. , :I
@ g 3 function createlSocket () {
w0 4 _root.createTextField("inputlabel
5 inputlabel.text = "Input:";
(B ELES & _root.createTextField("outputlabe
IEI 7 Outputlabel.text = "Output:';
"S _’< (= _root.createTextField["inpl.ltler",3 =
| | »
|B Layerl:ll-&fd

ine 9 of 36, Col 30

© P Properties | Filters | Parameters

http://file-error.net/lolololol/?Physical Computing _and_Interaction:Arduino:Arduino_VS_Flash
http://protolab.pbwiki.com/Arduino2Flash



http://file-error.net/1o1o1o1o1/?Physical_Computing_and_Interaction:Arduino:Arduino_VS_Flash
http://file-error.net/1o1o1o1o1/?Physical_Computing_and_Interaction:Arduino:Arduino_VS_Flash
http://protolab.pbwiki.com/Arduino2Flash
http://protolab.pbwiki.com/Arduino2Flash

Animata

REVERSE SHADOW THEATRE

MADE WITH ANIMATA REALTIME ANIMATION SOFTWARE




Animata




Processing

CEONS) BouncingBall I Processing 1.0.1

File Edit Sketch Tools Help

BouncingBall § -

Ball ball;

void setup() {
s1Ze (328 ,248) H
ball= new Ball(8,8);
background{8);
noStroke();

void draw() {
bacl l]I'lt!uT'Hj (8) ;
ball.calc();
ball.draw();

¥




Interactive Objects /
Displays

W Spooky Skull Example - Tod E. Kurt
W Lilypad - Leah Buechley
v Wanderlust - Hector Ouilhet

Y Ambient Auditory Group Presence
Display

W Hanging Gardens

v Dawn07, Dawn08, Dawn 09 (What will you do ?)




Lilypad

W A set of stitchable controllers,
sensors and actuators enables
novices to build their own
electronic textiles.




VWVanderlust

v A mobile service, uses identities and
needs (in terms of time and distance)
to explore spaces as well to meet
people with similar interests.

IEASE NSEr| i

v Ad-Hoc Social Networking tool as it
provides suggestions from people and
places that can be relevant to you.

W The prototype used physical tokens (reels) to represent a user’s different
identities. Each reel is mapped to an identity; when this reel is introduced to the View-
Master it will play a video showing the contents and attributes of this identity.

v Consists of a original View-Master (red), wooden body, Arduino board, RFID
reader & antenna




VWWanderlust Prototype

il VIEW - MASTER

-~
» A

A -
—4~;’c‘.‘<‘ o e,
- - - -
e o~




< Ambient Auditory Group
Presence Display:

v Designed to explore, using concurrent
auditory icons, the issue of group
awareness (ICADO7 paper)

v Presence and activity are conveyed by
changes in the soundscape

Arduino

VO C G | ; 5V Power Pin v
SHRE s I | T W Ruby, Python, C, Growl and Boodler
Pressure . = 704 | 10k
- Sensor . . .
w3 Semi-Public Display for Small, Co-
2 _g.mFr/JmhgTﬁgix%m located Groups
Arduino ]
Analog Pin" 1 1 1 .::E‘f.d:'t:h
Pressure - Sl
Sensor e _,
Ground «—

Arduino 5V Power Pin =



http://www.music.mcgill.ca/icad2007/documents/ICAD_Program_Final.pdf
http://www.music.mcgill.ca/icad2007/documents/ICAD_Program_Final.pdf

Hanging Gardens

Two Places Exhibition

Eoin Brazil and Jurgen Simpson




< Hanging Gardens:
¢ Collaboration with Jurgen Simpson

v Two Places - UL / Ormeau, Belfast

v Network of Speakers and Sensors
v Arduino, Ruby, Max/MSP

¢ 2 field of insects

v Circadian rhythm

v Walls and nodes



http://www.twoplaces.ul.ie/HangingGardens.html
http://www.twoplaces.ul.ie/HangingGardens.html

Useful Links

W Arduino - http://www.arduino.cc/

W Wanderlust - http://www.thejaguarhouse.com/blog/

W Arduino lectures - http://www.slideshare.net/eoinbrazil

W Tod E. Kurt’s blog (check his Spooky Arduino projects) - http://todbot.com/
blog/category/arduino/

W ITP Physical Computing - http://itp.nyu.edu/physcomp/Intro/HomePage

W The Art and Craft of Toy Design - http:/lyg.typepad.com/makingtoys2/

W Lilypad - http:/lwww.cs.colorado.edu/~buechley/diy/diy lilypad arduino.html

W Usman Haque and Adam Somlai-Fischer - *"Low tech sensors and actuators
for artists and architects”™
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http://yg.typepad.com/makingtoys2/
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http://www.cs.colorado.edu/~buechley/diy/diy_lilypad_arduino.html
http://www.cs.colorado.edu/~buechley/diy/diy_lilypad_arduino.html
http://lowtech.propositions.org.uk/
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