Physical Computing

Bridging the gap between the physical and virtual
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How the Computer Sees Us

Shall we take a better look at ourselves to see our full range of
expression?

lllustration from O’Sullivan and Igoe 2
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Physical Computing

A conversation between the physical world and the virtual world of
the computer.

Theory and Practice of Tangible User Interfaces
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Physical Computing

A conversation between the physical world and the virtual world of
the computer.

Transduction

The conversion of one form

xxxxxxxxxxxxxx

Electric signals

Physical energy
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Input and Output

Input

Ways of sensing your physical energy/expressions.
Input is usually easier than output because it takes less energy to
sense activity than to move things.
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Input and Output

Output

Physical computing is not just about sensing the world, but also about
changing it. But moving things are hard (you need electrical and
mechanical skills).
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Transducers

output transducers
Actuators (e.qg.,
motors, buzzers)

)
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input transducers
sensors (e.g., switches,
levers, sliders, etc.)

lllustration adapted and modified from O’Sullivan and Igoe
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Microcontrollers

Gateway between
the physical and the virtual

1) Receiving information from sensors,
\ 2) controlling basic motors and other
devices that create physical change, and
.). 3) sending information to computers and
other devices.
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lllustration adapted and modified from O’Sullivan and Igoe 8
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Transduction

Theory and Practice of Tangible User Interfaces

output transducers

Your job is to find and learn
to use transducers to convert
between the physical energy
appropriate for your project
and the electrical energy
used by the computer!

Arduino
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input transducers

Adapted and modified from O’Sullivan and Igoe 9



Wednesday Week 2: Physical Computing Theory and Practice of Tangible User Interfaces

Working with Arduino

An open-source electronics prototyping

Create interactive objects and environments



Wednesday Week 2: Physical Computing

Theory and Practice of Tangible User Interfaces

What is Arduino

A tiny computer you can program, for rapid prototyping

11
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Wednesday Week 2: Physical Computing

Arduino as an Interface Board
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lllustration adapted and modified from O’Sullivan and Igoe 12
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Wednesday Week 2: Physical Computing

Arduino as an Interface Board
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lllustration adapted and modified from O’Sullivan and Igoe 13
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Arduino as an Embedded
Computing Device

Arduino:h
NI
HAanm

lllustration adapted and modified from O’Sullivan and Igoe 14
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What is Arduino

Relatively cheap (compare with LEGO Mindstorm)
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What is Arduino

Theory and Practice of Tangible User Interfaces

It used to be a bit more complicated...

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

image from www.tangentsoft.net/elec/breadboard.html
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Make:

technology on your time
TR oo voooine | pocass |

<< HOWTO - Make an aux-in for the Bose A Main Lasi Day of the Weekend
SoundDock Subscribe to the Weeken

. Frojects Podcas
Barebones Arduino on a
breadboard

H

-

Resonator

-

LED for Blink Test

FTDI TTL-232R
USBto TTL
.
- _ Serial Cable

Here is a truly barebones Arduino setup. Just the Arduino chip and a few
support parts. This has to be close 10 the simplest and lowest cost way to play
with microcontrollers. The only special pans are the resonator and the
Mega168 programmed with the Arduino boot loader. Eventhing else you should
already have as an electronics hobbyist

Theory and Practice of Tangible User Interfaces

Open source, so you
can build one yourself!

17
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Arduino Board Overview

Arduino NG

- arduing.te

18
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Arduino Board Overview

» 32 kBytes of Flash program memory (your program stays in Arduino when powered off)
» 2 kByte of RAM
e 16 MHz processor speed (c.f., Apple II: 1 MHz)

Arduino NG

uuu"‘ulm-‘t
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Arduino Board Overview

* 14 digital input/output pins
e 6 analog input pins

GnDlel

wJ

Arduino NG

- arduing.te
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Arduino Board Overview

> :t
&3
Arduino NG

Wiuarduing.ce
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_4 U//J "’// y

nmu

Theory and Practice of Tangible User Interfaces
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Arduino Board Overview

e USB to serial chip (converts simple serial signal to USB)

Arduino NG

- arduing.te

506“9\) 012845
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Theory and Practice of Tangible User Interfaces

Arduino Software
www.arduino.cc

ARDUINO

By Dowsioad Cettng Strted  Ledrvng

Referernce

Mardware FAQ

Moo by the Arduino Teom

Arduine on Tw

s days &

dalice s 20

ner (more

in the hands of 20 beta testers

mOTe Bews

Arduingd 1 s Open- Aource elecironcs
prototyping platiorm based on flexible, eary
80wt hardware and softmare. Ity intended for
Artnts, desgners, hobByisls, and anyone
nieresied in Creating nteractive objects or

emvronments

Arduino can seroe the eavironment by receiving
inputt from a variety of sessors and can affoct its
surrousdings by costrolling lights, motors, and
other actusiors. The mucrocontrolier on the board is
programmed wming the Arduino programming
langaage (based on Wiring) and the Arduiso

(based oa Processing)

2 be stand-alone or they can

roamer

developmert cor

Arduiso peojocts ¢

commeryicate with software on rusnisg ona

companer (e.g Flash Processing MaaMSP)

The boards can be beilt by haad or purchased
mbled; the software can be downloaded for

froe. The hardware reference designa (CAD files) are

preaaser

avadable under an open-scurce Boease, you are free

to adapt them to your needs

Arduino received an Honorary Mention @ the
Digital Communitios section of the 2006 Ars

seare n Maszors

Yectraovica Privc The Ardu s
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Arduino Software
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Arduino Sketches

/| Arduino - 0008 Alpha
GCM Edt  Sketch Toolks Hebp

pinMode (ledPin,

ro1d loop ()

delay{1000):

digital¥:

QUTPUT) 2

digitalWricte(ledPin, HIGH):

ite({ledPin, LOW):

New Ctrl+N
Sketchbook d  Open Ctri4O
Save CrkesS arduino-0008-win »
Save As. . Crl+Shift+5S Kimiko Sketching » =
Upload to IJO Board  Ctrl+l) processing-0124 »
sketch_0708114
sketch_070811b for seconc
Preferences Crl+, sketch_070813a e bk ot
Qui ko sketch_07081%a VAL AR
anseg »
* htep: //wuw, arduino. cc/en/Tutorial /Blink Communic ation ’
~ o ] k]
Lbrary-EEFROM » Button
int ledPin = 13; LET mecred Lbrary-Matrix » Loop
Lbrary-SoftwaraSarial »
roid setup() I "€, VhED  hrary-Stepper »
{ Lbrary-Wire »

Theory and Practice of Tangible User Interfaces
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Arduino Programming Cycle
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Arduino Programming Cycle
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Arduino Programming Cycle
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Arduino Programming Cycle
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Arduino Programming Cycle

Watch your LED blink!

30



Wednesday Week 2: Physical Computing

Arduino Program

Theory and Practice of Tangible User Interfaces

Program consists of 3 parts:
1. Declare variables at top
2. Initialize
setup() — run once at beginning, set pins
3. Run
loop() — run repeatedly, after setup()

31



Wednesday Week 2: Physical Computing

Arduino Language

Theory and Practice of Tangible User Interfaces

Like C but easier

Example functions

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

32
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Example (and many other examples at www.arduino.cc)

Al 1 ALY 4 L n 1

int ledPin = 13; LED connecced ¢ 1 4 1

1d setup() run once, when the sketch \
{

pinMode (ledPin, O0UTPUT) 191 in as oucpur
H

! loop () y

(

digital¥rite({ledPin, HICGH): sets the L

delav(1000); waits for

digitalVrice{ledPin, LOW):
delay(1000):

33
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Example (and many other examples at www.arduino.cc)

*
x in
A 1 aRp Ll urmsa L L 1 1
. en »in )} | Cal P
* 1ATYANNSI1NGT AT YO Ay I3 - ')
) 1 Y Ad |
2ull | K ! i2eg ) | X
= ren - - -
)

int ledPin = 13; // LED comnected to digical pin 13 DeCIare Varlables

1d setup() run once, when the sketch starts

pinMode (ledPin, OUTPUT): gers the digical pin as oucpuc

! loop() run over and er &gain
digital¥rite({ledPin, HICGH): / sets the LED o
delav(1000); waits for & second
digitalVrice{ledPin, LOW): sers the LED off
dr’:l:'!llOOO]: waits for & second

34
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Example (and many other examples at www.arduino.cc)

*
x in
I 1 Y ums L L 1 i
" n &1 C i Ca ’,.
* ) ~r
lanending on vour y } . y
J 1 Y Ad |
| K ! ieeg ) | X
= - ,~ ~ *
»

int ledPin = 13; LED comnected to digical pin 13

void setup() // run once, when the sketch starts |n|t|al|ze
{

pinMode (1ledPin, OUTPUT):; // setz the digital pin as oucpuc
}

! loop() run over and er &gain

digitalWrite(ledPin, HICGH): / set3 the LEI
delay(1000); waits for a second
digitalVrive{ledPin, LOW); sevs the LED off

delay(1000): waits for & second

35
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Example (and many other examples at www.arduino.cc)

int ledPin = 13;

rord setupi)

pinMode (ledPin, OUTPUT):

void loop()

{
digital¥rite(ledPin, HIGH):
delay(1000);
digitalVrice{ledPin, LOW);
delay(1000)

-------

I/

’/
17/
/
/7

-
LZL mecrted T jlgictal pl 4
1 } he ketcl Al
32Ts Tthe dlgictal ply outpu

run over and over sgaan

sets the LED on
waits for a second
sers the LED off
waits for & second

Run
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Arduino and Breadboard

37
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Arduino and Breadboard
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Wednesday Week 2: Physical Computing

Solderless Breadboard
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Wednesday Week 2: Physical Computing

Solderless Breadboard

bus strips
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Solderless Breadboard

: l(. o
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Theory and Practice of Tangible User Interfaces
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Circuits: Avoid Shortcuts

Electricity always favors the path of least resistance to ground

lllustration from O’Sullivan and Igoe 42
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Circuits: Avoid Shortcuts

Electricity always favors the path of least resistance to ground

lllustration from O’Sullivan and Igoe 43



Wednesday Week 2: Physical Computing Theory and Practice of Tangible User Interfaces

Circuits

All the electrical energy in a circuit must be used

lllustration from O’Sullivan and Igoe 44
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LED

e LED = Light-Emitting Diode
* Needs a “current limiting” resistor, or burns out

\ LED
20 it

9 g ITG%?
o X resistor
=) . 220 ohms
g o (red,red,brown)

Sovneeodron o2
B b
B

O =

@IZELSE9L
0000000000000

- DD

v1 borewy

E3IZCr»S MM

OO0O0O0O0OONO000

Ed
35
oA
D
o
a0
+

lllustration from Tod Kurt's Spooky Projects 45
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Theory and Practice of Tangible User Interfaces

Circuits Summary

Avoid deadly shortcuts

* Flows to the lowest resistance
e All the electrical energy in a circuit must be used

When in doubt, talk to us, we can help

(Your Arduino has some fail safe, but in the worst case, you could fry
your board [$29])
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Try to be Neat

Theory and Practice of Tangible User Interfaces

Color code:

* Red: power
* Black: ground

Be consistent

Ree =ee s S . )
"RT Eee e T
-

Soes e e an
DRI
- - Ibblbblbbbbi
LI B

-

L

mewmemm = e
"""—-'”D-Q
BESe® AR
see pewlom .
Beae =anr L

Good

MREE e s ee

Bad
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Be Care

Theory and Practice of Tangible User Interfaces
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Theory and Practice of Tangible User Interfaces

Lab Assignment This Week

Get the course lab kit

Download & install Arduino software (www.arduino.cc)
e Make an LED blink

e Make it blink at different rate
Create your course web account

Post the photo of your board and an optional comment on the
course website

49
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Lab Assignment: Blinking LED

Arduino LED
gnd
-
pin 13 WWA
¢ ledPin = 13; rmect ta _ 220
setup() » ' Resistor

{ red, red, brown, gold

ie (LledPin, OUTPUT):

loop ()
{
1t (ledPin, HIGH):
y{1000)
it e(ledPin, LOW):
y{1000) ;

50
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Your assignment looks like this

LED

Shorter leg - ground
(R Polarity matters

D—

220 ohm resistor
red, red, brown, gold
Polarity does not matter

“aauu=wl
.«
«aaN.
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Next Wednesday

Theory and Practice of Tangible User Interfaces

Don’t forget to bring your lab kit in

Do use the lab hour to catch up

Create your course account

Post your assignment on the course website
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Wednesday Week 2: Physical Computing

Thanks!

Theory and Practice of Tangible User Interfaces
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