Physical Computing

Designing Physical Interactions for a Digital World

DESN 265 Professor Danne Woo
Spring 20121 pcomp.dannewoo.com
Thursday 2PM — 5:30PM danne.woo@qc.cuny.edu

Online and QC Makerspace



Week 1-9

Week 1: What is Physical Computing?
Week 2: Introduction to Electronics
Week 3: Arduino, Hello World

Week 4: Analog Input and Output
Week 5: Digital and Analog Review
Week 6: Enclosures

Week 7: Serial Communication, Processing and p5.js
Week 8: Soldiering Workshop
Week 9: Midterm Presentation



Microcontroller

Very simple computer processor
that is designed for a basic task
like listening to sensors.



Microcontroller

© 2007 Cunouslnventor.com




Arduino / Atmega328
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Arduino Open Source

T'rrh!llu;“

https://www.arduino.cc/en/Main/Standalone
http://www.instructables.com/id/Beeduino-Homemade-Arduino-on-a-Budget/
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Arduino IDE

Local IDE

[ NON ] BareMinimum | Arduino 1.0.4

BareMinimum

void setup() {
// pu tup code her n once

ain

Arduino Uno on /dev/tty.usbmodem1421

Web IDE

o0 e Arduino Editor X Danne
& C {0 @& Secure | https://create.arduino.cc/editor/dannewoo/4508b04e-0cde-45dc-b523-161c1b85f9a5 o % @ - 0B ¢ =9
i Apps W Bookmarks [ Personal F5ITP [ Scripts [ Materials 5 Design F5IDV E5JCUNY [FSICRISPR F51COC [ Every Day Data » [ Other Bookmarks
X spaceshipelnterface Cl \’f>
NEW SKETCH s v = X Arduino/Genuino Uno ~  ess  SHARE
|:| Sketchbook SEARCH SKETCHBOOK Q spaceshipelnterface.ino ReadMe.adoc v
o /*
Examples ORDERING BY LAST MODIFIED Spaceship Interface Example bie

*/
E Libraries & loveOmeter

Q’ Monitor B spaceshipelnterface © v void setup() {

1

2

3

4

5 int switchState = 0;
6

7

8 pinMode(4, OUTPUT);
9

pinMode(5, OUTPUT);

@ Help 10 pinMode(6, OUTPUTY;

11 pinMode(2, INPUT);
i Preferences 2 %

13
14v void loop() {
15 switchState = digitalRead(2);
16
17~ if (switchState == LOW) {
18 digitalWrite(4, HIGH);
19 digitalWrite(5, LOW);




Arduino IDE

[ J ©® Software | Arduino X +

< c

@ arduino.cc/en/software

iii Apps Y Bookmarks * Ambient Weather [E5 Personal [F5 ITP [E3 Scripts [ES Materials [F5 Design

PROFESSIONAL EDUCATION

STORE ‘

(]
¥ B e - 2 B o» 0@ :
5 Dv EF CUNY [ CFS » | EF Other Bookmarks Reading List

Q_ Search on Arduino.cc

.
see ‘ SIGN IN
.

(©.0] HARDWARE

SOFTWARE CLOUD DOCUMENTATION +

Arduino Web Editor

Start coding online and save your sketches in the cloud. The most
up-to-date version of the IDE includes all libraries and also
supports new Arduino boards. [ sketchbook

[E) examples
CODE ONLINE GETTING STARTED £ ubraries

@ serial Monitor

Downloads

Arduino IDE 1.8.16

The open-source Arduino Software (IDE) makes it easy to write code
and upload it to the board. This software can be used with any
Arduino board.

Refer to the Getting Started page for Installation instructions.

SOURCE CODE

Active development of the Arduino software is hosted by GitHub.
See the instructions for building the code. Latest release source
code archives are available here. The archives are PGP-signed so

COMMUNITY BLOG ABOUT

. — —

brightne:

O

DOWNLOAD OPTIONS

Windows Win 7 and newer
Windows zIP file

Windows app Win8.10r 10

Linux 32 bits
Linux 64 bits
Linux ARM 32 bits
LinuX ARM 64 bits

Mac OS X 10.10 or newer

Release Notes Checksums (sha512)




Arduino IDE

Arduino Editor

<« C Y @ Secure | https:/create.arduino.cc/editor/dannewo 8b04e-0 dc-b523 c1b85f9a5 o % @ (O - I =)

22 Apps W Bookmarks [ Personal F5ITP £ Scripts [ Materials = Design FSIDV ESJCUNY FSICRISPR F51COC [ Every Day Data » [ Other Bookmarks

x spaceshipelnterface C-l

o5 B B < cuinorcenine ne I Toolbar / Arduino Connection
I Tabs

|:l Sketchbook SEARCH SKETCHBOOK spaceshipelnterface.ino ReadMe.adoc

Examples ORDERING BY LAST MODIFIED ship Inte

E Libraries B loveOmeter
Q‘ Monitor B spaceshipelnterface ©
, OUTPUT);
9 pin OUTPUTY;
® Help ) %

, OUTPUTY; .
Mode(2, ?NF‘UT)? Text Editor
l“ Preferences

void 1 {
switchState = digital

if (switchState == LOW) {
digitalWrit , HIGH);
digitalWrit , LOwW

Message Pane / Errors

Menu Sub Menu



Processing

00 p5.js Web Editor °
&< —> C @& editor.p5js.org w 8@ e - 2 @ *» S @ ‘
iii Apps %k Bookmarks * Ambient Weather [EF Personal ES ITP B3 Scripts B3 Materials [EF Design EF DV EJ CUNY [E3 CFS » | B3 Other Bookmarks Reading List

File v Editw Sketchw Helpw English v Login or Signup

> ° (O Auto-refresh Cypress parade # Q

> sketch,js Preview
17 function setup() {

2 createCanvas(400, 400);

3 |}

4

57 function draw() {

6 background(220);

7|}

Console Clear WV



Message Pane

Success

©o Arduino Editor x + (-]

EH M@

B3 Other Bookmarks Reading List

« > c

* Bookmarks *

@ create.arduino.cc/editor/dannewoo/4508b04e-0Ocde-45dc-b523-161c1b85f9a5

B3 TP B3 Scripts

Q X | e -
E= bv B3 cuny E3 CFs »

fii Apps Ambient Weather EF Personal ES Materials EF Design

spaceshipelnterface
sE ¥

SEARCH SKETCHBOOK

UPGRADE PLAN

Arduino/Genuino Uno

[ sketchbook spaceshipelnterface.ino ReadMe.adoc

*
ORDERING BY LAS

Examples

paceship Interface Example
B9 Libraries > __root (7)

B loveOmeter

Q Monitor
, OUTPUTY;
B spaceshipelnterface © 5, OUTPUT);
@ Reference 6, OUTPUT);

e(2, INPUTY;
@ Help

14+ void loop() {
111 Preferences 15 switchState = digitalRead(

if (switchState
digitalWri
digitalWrite
digitalWrite

} el
digitalWri
digitalWri
digitalWrite(e

[ Lo ¢

HIGH);

delay(250);

digitalWri

HIGH);

Error

(-]
)4e-0cde-45dc-b523-161c1b85f9a5 Q x B o -

5 ov BEF cuNYy EF cFs »

FE M@

ES Other Bookmarks

3 ITP EF Scripts [EF Materials EF Design Reading List

spaceshipelnterface UPGRADE PLAN )

v Arduino/Genuino Uno

spaceshipelnterface.ino ReadMe.adoc

Interface Example

OUTPUTY;
fode(6, OUTPUT);
pinM INPUT);

14+ void 1

O {
15 switchState - digitalRead(2);

if (switchState
digitalWrite(4
digitalWrit:
digitalWrite

LoW) {

digitalWrite(
delay
digitalWri

xpected primary-e;



Sketchbook

o000 oo Arduino Editor XN

&« - C @ create.arduino.cc/editor/dannev

[ sketchbook
Examples
B Libraries
@ Monitor
(@) Reference
@ Help

H1 preferences

() Features usage

o) cLouo.

)0/6e2f44

iii Apps % Bookmarks * Ambient Weather [E5 Personal E

TR o

SEARCH SKETCHBOOK

ORDERING BY NAME

v Physical_Computing (2)

v Week_3(2)

K Blinking_LED

& Button ©

v Week_4 (2)

E Knob

E Photocell




Examples

00 ©o Arduino Editor x <+

&« > C @ create.arduino.cc/editor/danr o/6e2f4s

iii Apps & Bookmarks * Ambient Weather (5 Personal [

SEARCH EXAMPLES

SHOWING EXAMPLES FOR UNO

[ sketchbook

Examples BUILTIN | FROM LIBRARIES
B Ubraries 01.BASICS (6)

@ Monitor 02.DIGITAL (9)

@ Reference 03.ANALOG (6)

@ Help 04.COMMUNICATION (12)
”‘[ Preferences 05.CONTROL (6)

O Features usage 06.SENSORS (4)

07.DISPLAY (2)

08.STRINGS (14)

09.USB (7)

10.STARTERKIT _BASICKIT (14)

11.LARDUINOISP (1)

fo%0) cLouo.




Libraries / Plugins

00 co Arduino Editor x +

& - (C & create.arduino.cc/editor/dannewoo/6e2f4s

Apps % Bookmarks * Ambient Weather [E5 Personal E

X

LIBRARY MANAGER &N

Sketchbook SEARCH LIBRARIES Q

|

Ex.mp'.’ SHOWING L

DEFAULT FAVORITES CUSTOM

2 Iy
=

Monitor This tab lists read-only libraries authored
maintained by the Arduino Team and its
partners

@ Reference
@ Help ARDUINO UNO WIFI DEV ED LIBRARY

This library allows users to use n ork

“" Preferences features like rest and mqtt. Includes some
tools for the ESP82

() Features usage Examplas
ARDUINOBEARSSL

Port of BearSSL to Arduino. More info

Examples

ARDUINOCLOUDTHING

sly connect your Arduino/Genuino board

to the Arduino Cloud M:

ARDUINODMX

Control DMX lights with your Arduino.




Serial Monitor

00 oo Arduino Editor x +

&« > C @ create.arduino.cc/editor/dannewoo/6e2f4s

iii Apps & Bookmarks * Ambient Weather (5 Personal [

PORT: Arduino Uno
at /dev/cu.usbmodem1421301

Sketchbook
Newline 9600 baud

)
B Exampies

Monitor

£ Libraries
©F

() Features usage

(S0 cLoud B [/ wroscron | pisconneet



Language Reference

o000 oo Arduino Editor x +

&« > C @ create.arduino.cc/editor/dannewoo/6e2f4s

iii Apps & Bookmarks * Ambient Weather (5 Personal [

SEARCH REFERENCE

FUNCTIONS | VARIABLES  STRUCTURE

[ sketchbook
Functions
Examples
For controlling the Arduino board and
erforming computations.
B Librark p ing computati
Digital I/0
Q; Monitor

Reference




Text Editor

Fﬁéi EEtUp() {

wm?ﬁ Loop() { A



Programming Arduino

Functions

setup()
loop()

pinMode()
digitalRead()
digitalWrite()
analogRead()
analogWrite()
delay()

map()
Serial.begin() // BPS

Examples:
pinMode(3, OUTPUT);
digitalWrite(3, HIGH);

map(inputValue, 300, 750, 0, 255);

Variables

int (whole numbers)
float (decimals)
boolean (true or false)
string (text)

int variableName = 0;

HIGH
LOW
INPUT
OUTPUT
true

false



Programming Arduino

Conditional Statements Comparison Operators
if (input == HIGH) { I= (not equal to)
/ Do something < (less than)
}else { <= (less than or equal to)
/l Do something else == (equal to)
} > (greater than)

>= (greater than or equal to)

if (input ==1){

/' Do something for 1 Arithmetic Operators
} else if (input == 2) {

// Do something for 2
}else {

/l Do something else

% (modulo)

* (multiplication)

+ (addition)

- (subtraction)

/ (division)

= (assignment operator)
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Digital Write

vold setup() {

pinMode(3, OUTPUT);
ks

Joid ToonpO) {
digitalWrite(3, HIGH);
delay(1000);
digitallirite(3, LOW; |

delay(200);
}



Digital In and Digital Out
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Digital In

setu
v ». A~ »J o~
plLnvode

I P
P11 nviode
f

and Digital Out

p() {
(2, INPUT);
(3, OUTPUTD;|

old loo i}() {

f (digitalRead(2) == HIGH) {
gitalWrite(3, HIGH);

else {

digitalWrite(3, LOW);



Digital In and Digital Out
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Digital In and Digital Out

pinMode(2, INPUT);
pinMode(3, OUTPUT);
pinMode(4, OUTPUT);

1d(2) == HIGH) {
(3 HIGH),
a4, LOW);

ce(3, LOW;
-e(4, HIGH);




Hack Existing Products




Arduino IOT Cloud

o000 ©@ Arduino loT Cloud X +
F = (G @ create.arduino.cc/iot/templates

iii Apps % Bookmarks * Ambient Weather [E3 Personal E3 ITP E3 Scripts E3J Materials [E5 Design

% IOT CLOUD Things  Dashboards  Devices  Integrations

Templates

QA W . ©

Explore, get inspired, start building

Remote Controlled
Lights

Home Security Alarm

Build a basic alarm system and
explore different trigger signals.
*P : 'Bger sig Test different light colours, patterns
and outputs through the Arduino loT

Cloud.

€71 OplaloT Kit € Opla loT Kit

Personal Weather
Station

Gather temperature, moisture and
humidity data from your

surroundings.

) Opla loT Kit

A E @

ES pv ES Cuny E5 CFs » 5 Other Bookmarks

UPGRADE PLAN



In Class/Homework

Review the labs that were covered in class this

week, and come up with a simple yet creative

application using digital input and output. Post

your experiments to your blog. Include videos
and images.



Physical Computing
Protessor Danne Woo
danne.woo@qc.cuny.edu
pcomp.dannewoo.com



