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Wednesday Week 3: Digital Input and Output Theory and Practice of Tangible User Interfaces

Digital vs. Analog

Digital signal Analog signal

Difference between two continuous range of possible

possible states states

“whether or not” “*how much” or “stronger” “faster”
“prighter”

Is the cat on the mat or not? How heavy is the cat that’s on

the mat?



Wednesday Week 3: Digital Input and Output Theory and Practice of Tangible User Interfaces

Digital vs. Analog

Binary vs. continuous signals

* Binary / Digital = “whether or not”
e Continuous / Analog signal = “how much” or “faster,” “brighter,” etc.
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Microcontrollers

Output Transducers
actuators (e.g.,
motors, buzzers)

Arduino

N
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Input Transducers
sensors (e.g., switches,
levers, sliders, etc.)

lllustration adapted and modified from O’Sullivan and Igoe 4
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Microcontrollers

Output Transducers
actuators (e.g.,
motors, buzzers)

Arduino (microcontroller) takes
\ voltage (5V) and converts it to

the language of 0 or 1 that
computer can understand.

Arduino

N
LIII 1T

(c

Input Transducers
sensors (e.g., switches,

levers, sliders, etc.
) lllustration adapted and modified from O’Sullivan and Igoe 5



Wednesday Week 3: Digital Input and Output Theory and Practice of Tangible User Interfaces

Digital vs. Analog

Internally, all microprocessors compute binary: 0 or 1 (OV or 5V)
In general, most microprocessors output only binary (OV or 5V)
Specifically, Arduino output pins can only be LOW (0V) or HIGH (5V)



Wednesday Week 3: Digital Input and Output

Digital Output

Theory and Practice of Tangible User Interfaces

Blinking LED

Al 1 AR narmnms E £ n
int ledPin = 13; ecced t 1
1d setup() run once, when the

{
pinMode (ledPin, OUTPUT)?

! loop ()

{
digital¥rite(ledPin, HIGH): // sets the
delav(1000); waits for

// sers the LED off

LED on

digitalVrice{ledPin, LOW):

delay(1000):
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Digital vs. Analog

Two states (binary signal) vs. multiple states (continuous signal)

Digital Input and Output
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Analog Input (next week!)
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Can We Do Analog Out?

LED with 23% brightness?
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23% brightness 100% brightness
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Pulse Width Modulation (PWM)

Most microprocessors can only output binary: LOW (0V) or HIGH (5V)
So you fake it with PWM, Pulse Width Modulation
It gives you an illusion of analog values, in between LOW and HIGH
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PWM

100% brightness

OFF

ct

ON

0% brightness

OFF—
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PWM

Theory and Practice of Tangible User Interfaces

T =2 milliseconds
i - > - - - - - -—-————

100% brightness

OFF

ct

) T =2 milliseconds
ON

50% brightness

OFF

t»- T=2 millisecgnds
ON
0% brightness
OFF—
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PWM T =2 milliseconds
I s - - - - - —— o>

ON [e—  g—-
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75% 25%

OFF

f T =2 milliseconds
fd" __________ - - — e

25%
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PWM T =2 milliseconds
K = s s 0 s e e - ————

ON (e g—..

757% 25%

L 5 75% brightness

50% brightness

e

25% brightness




Wednesday Week 3: Digital Input and Output

Pulse Width Modulation (PWM)

Your Arduino board has built in PWM circuits,

on pins 3, 5, 6, 9, 10, and 11
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Theory and Practice of Tangible User Interfaces
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Pulse Width Modulation (PWM)

Your Arduino board has built in PWM circuits,
on pins 3, 5, 6, 9, 10, and 11
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analogWrite(pin, value)

The duty cycle: between 0 and 255

Z,
Z
analogWrite(11, 191) 75% brightness ‘»
<,
analogWrite(11, 127) 50% brightness S
<

analogWrite(11, 64) 25% brightness %




Wednesday Week 3: Digital Input and Output

In Class Exercise
Make a color mixer with RGB LEDs

ice of Tangible User Interfaces

Exercise with digital input and output, and PWM
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Color Mixer with RGB LEDs

Make any colors with Red, Green, and Blue LEDs, except black

" (‘ —




' Wednesday Week 3: Digital Input and Output

In Class Exercise

1. LED Blink
2. LED Fade
3. Circuit with 3 LEDs
4. RGB LED Fade

5. Serial RGB LED
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Blinking LED (c.f. homework)

ex ::._',." 4‘ ‘ n :l,”:.‘ I one I Arduiﬂo LED
o pin 13 —WW—"
220
Resistor

red, red, brown, gold

t ledPin = 13;

| setup()
{
pinMode (ledPin, OUTPUT):
}
1d loop ()

Jit e (ledPin, HIGH):
wy{1000)

iigitalVrite (ledPin, LOW);
telay({1000);




' Wednesday Week 3: Digital Input and Output

In Class Exercise

1. LED Blink
2. LED Fade
3. Circuit with 3 LEDs
4. RGB LED Fade

5. Serial RGB LED
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LED Fade

.ti;;: -"./: A[mino LED

watwp ) gﬂd @ £
pin 13 —— WA

o 220

(value « 0 : waluoe 2552 waluessd) ReSIStOI'

(value = 253: value >=0: valuer=}

red, red, brown, gold
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' Wednesday Week 3: Digital Input and Output

In Class Exercise

1. LED Blink

2. LED Fade

3. Circuit with 3 LEDs
4. RGB LED Fade

5. Serial RGB LED
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Circuit with 3 LEDs

Plug three LEDs, red, green, and blue and make different colors

Arduino

pin 11 —WW—D—
PIN 10 ———o)—
pin 9 —¢¢'4L—1@—:'m ¥
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' Wednesday Week 3: Digital Input and Output

In Class Exercise

1. LED Blink

2. LED Fade

3. Circuit with 3 LEDs
4. RGB LED Fade

5. Serial RGB LED
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RGB LED Fade

Theory and Practice of Tangible User Interfaces

Slow color fading and mixing

t redPin . 9

L geeenlfis = L0O:
t blue?in = Li;

t redVal . 255;
L green¥al = L
t bluaVal « I;

ty=0;

vait = 30;

t DERDG = 07

setwp )

{zedlin,

{gteaniin,
» {bluekin,
[DEDTG) |
ez 9€00) :
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Wednesday Week 3: Digital Input and Output

Diffuser

Theory and Practice of Tangible User Interfaces

Experiment with different materials.

28



' Wednesday Week 3: Digital Input and Output

In Class Exercise

1. LED Blink

2. LED Fade

3. Circuit with 3 LEDs
4. RGB LED Fade

5. Serial RGB LED



Wednesday Week 3: Digital Input and Output

Serial RGB

Theory and Practice of Tangible User Interfaces

he serial port ond create o string out of wiot you reod 3

}eoa&r\oIStrlm(serlnStrlno):

colorCode = serinString[0];
f( colorCode we 'v' || colorCode e g’ || colorCode we “b* ) {
colorVal = atoi(serInStrings1);
Serial .print("setting color ");
Serial.print(colorzode);
Sartal.print(™ to *);
Serial.print(colorval);
Serial.printin();
sarInString[0] - 8; // Indicotes we 've usad this str
f{colorCode == ‘r')
maloghrite(redPin, colorVal);
elze 17 (colorCode == 'g")

maloghr i te{greePin, colorVal); .
elee (f(colorCode == ‘'b°) -
sM‘A.~|_M(M~WML-mML%
4 » ( Ja »

Serial message:

enter color commond (e.3.

g color r to 1

0
<0
>

Tell it to mix 50 red, 100
green, and 20 blue... Etc.
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Wednesday Week 3: Digital Input and Output

Arduino Board

Theory and Practice of Tangible User Interfaces

e USB to serial

Arduino NG

uuu"‘ulm-‘t
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Wednesday Week 3: Digital Input and Output

Serial Monitor

Theory and Practice of Tangible User Interfaces

redval =1; Red

greanVal = 1; Cest oM

bluVal += 1; Blue 13
elea 1 (1 < 763) Third phasze of fodes

redfal += 1} R

greanVal « 1;

blusVal -= 1; d r
}
else < t I 4 |
{

l - 1;
¥
malogdrite(redPin, redval); \te current values to LED p :
ana | og r»?greerpin, areenVal ); :
,( e itedhluePing hlueNalNe

32
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Serial Communication

Serial.begin() e.g., Serial.begin(9600)
Serial.print() e.g., Serial.print(colorVal)
Serial.read()

33



Wednesday Week 3: Digital Input and Output

Serial RGB

Theory and Practice of Tangible User Interfaces

ne serial port ond create a string out o Lt you Trend v

}eoa&r\oIStrlm(serlnStrlno):

colorCode = serinString[0];
f( colorCode we 'v' || colorCode e g’ || colorCode we “b* ) {
colorVal = atoi(serInStrings1);
Serial .print("setting color ");
Serial.print(colorzode);
Sartal.print(™ to *);
Serial.print(colorval);
Serial.printin();
sarInString[0] - 8; // Indicotes we 've usad this str
f{colorCode == ‘r')
maloghrite(redPin, colorVal);
elze 17 (colorCode == 'g")

maloghr i te{greePin, colorVal); .
elee (f(colorCode == ‘'b°) -
sM‘A.~|_M(M~WML-mML%
4 » ( Ja »

Serial message:

enter color commond (e.3.

g color r to 1

0
<0
>

Tell it to mix 50 red, 100
green, and 20 blue... etc.

34



voild loop () {
//read the serial port and create a 3tring out of what you read

readSerialString(serinString)

colorCode = serInString(0];
if( coloxCode == 'r' || coloxCode == '¢g' || coloxCode == 'b' ) |{
colorVal = avoi(serIndtringsl);
Jerial.princ{"seccing colox ");
Serial.print{colorCode):
Sexiasl.print{™ To *):
Serial.print{colozVal):
Serial.printin() > // prints return
serinString(0) = O; // indicates we've used this string 1
if{colorCode == 'r')
analogWrite{redPin, colorVal);
else if(colorCode == 'g*)
analogWritve{greenPin, colorVal):
elsze 1f(coloxCode == 'b*)
analog¥rite(bluePin, colorVal):
}

delay{l00); // wait a bit, for serial data
}




char serInScring[l00]):; // array that will hol

YOU MUST 3Tate
char coloxCode:;
int coloxVal:
int redfin = 9; ‘/ Red LED, connected to digital pain 9
int greenPin = 10; // Green LED, connected to digital pin L
int bluePin = 11; / Blue LED, connected to digitsal pin 11

vold setwp () {
pinfMode (xedPin, QUTPUT) 2 // 3eta the pina a3 outpurt
pinMode (greenPin, OUTPUT):
pinMode (bluePan, OUTPUT):
Seraal.begin(9600) ;
analogWrite (redPin, 127): // set thex all to

"
analogVrite (greenPin, 127); // set theax all to i b
anslogVrice (bluePin, 127); // set thex all to zid brightness
Jersal.printin{"enter color coamand (e.g. 'rd4d3') o B

ro1d loop () {
//tead the serial port and create a 3tring out of what you read
readSerialString(serInString)

colorCode = serInScring(0):
if( coloxCode == 'r' || colorzCode == 'g' || colorCode == 'b' ) {
colorVal = avoi(serInString+l);
Jerial.princ{"seccing coloxr *);
Jerial.princ{colorCode):
Serial.print(”™ To *)
Sexial.print{colorVal):
Serial.printing) > // prints return
serinScring(0)] = 0; // indicates we've used this st
if{colorCode == 'r')
analogVrite{redPin, colozrVal);
else 1f(coloxCode == 'g')
analogVWeive{greenPin, colorVal):
else 1f(coloxCode == 'b")
amalog¥rite(bluePin, colorVal):

cata

—

delay{l00):; // weit a bit, for ser:

o

ring




char serInScring[l00]: // array that will hold the different byres of the string. 100-100characte A
// => you must state hov long the array will be else it won't work properl

char coloxCode:

int coloxVal:

int redPin = 9; // Red LED, connected to digital pin §
int greenPin = 10; // Green LED, connected to digital pin 10
int bluePin = 11; // Blue LED, connected to digital pin 11

vold setuwp() {
pinfode (xedPin, OUTPUT) // seta3 the pins a2 outhuc
pinMode (greenPin, OUTPUT):
pinMode (bluePan, OUTPUT):
Serial.begin(9600);
analogW¥rite (redPin, 127); // set thex all to zid brightness
analogVrite (greenPin, 127); // set thex all to xid brightness
analogVrice (bluePin, 127):; // set thex all to xid brightness
Serial,.printin{"enter color coamand (e.g. 'rd3') :");

vold loop () {
//read the serial port and create a string out of what you read
readSerialString(serinString)

delay{l00); // wait a bit, for serial data
}



char serInScring[l00]); // array that will hold the different byres of the
YOu mu3t state howv long the array will be

char coloxCode:;

int coloxVal:

int redfin - / Red LED, connected to digita

9:
int greenPin = 10
int bluePin = 11 B
vold setwp () {

pinfMode (xedPin, OUTPUT) : // 3et3 the pins a2

pinMode (greenPin, OUTPUT):

pinMode (bluePan, OUTPUT):

Seraal.begin(9600) ;

analogWrite (redPin, 127): / set thex
analogVrite (greenPin, 127); // set thea
anslogVrice (bluePin, 127); // set thea

Jerial,.printin{"enter color coamand (e.g. 'rd3')

7014 loop () {

/read the serial port and create a 3TXINg out o

readSerialStrang(serinString)

colorCode = serInString(0):

creen LED, connected to digita

lue LED, connected to digic

if( colorCode == 'r' || coloxCode == 'g' || colorCode == 'b' ) {

coloxrVal = avtoi(zerIndtring+l);
Jerial.princ{"seccing coloxr *);
Serial.print{colorCode):
Serial.print{™ To *):
Sexial.print{colorVal):
Serial.printing) >
serinScring(0] = 0;
if{colorCode == 'r')
analogVrite{redPin, colorVal);
elsze if(colorCode == 'g*)
analogVWeive{greenPin, colorVal):
else 1f(coloxCode == 'b")
amalog¥rite(bluePin, colorVal):

delay(l00); // wait a bit, for serial data
¥

STring.

100=100chacacte A

n't vork




I Wednesday Week 3: Digital Input and Output

In Class Exercise

1. LED Blink
2. LED Fade
3. Circuit with 3 LEDs
4. RGB LED Fade

5. Serial RGB LED
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Homework (due next Tuesday, Feb 8)

Part I: Design a good diffuser for your RGB LEDs
e.g., ping pong ball, styrofoam, mylar, cottons, icecream cone?

Part Il: Modify the Serial RGB code for new keyboard input:

e Basic: Control the RGB values with multiple key presses (e.g., instead of
typing “r127” to set the Red LED to 50% brightness, count how many times
the characters “r’ “g” “b” were pressed. E.g., press “r’ 5 times to get it to
50%, 8 times for 80%, 10 times for 100%, 11 times to go back to 0%, etc.)

* Advanced: Find new ways of controlling the colors of LEDs using the
keyboard

Post both parts on the course website (photo, descriptions, code)
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Supplement Readings

More on PWM and LED fading: Chapter 6 (p. 112-114) of O’Sullivan and
lgoe

More on microcontroller in general: Chapter 4 (p.49-63)

41
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Next Wednesday: Analog Input

Two states (binary signal) vs. multiple states (continuous signal)

Digital Input and Output

GNDlal
un\ﬁ

FEEEEEEEE

#
\ 23

W arduing.te et -
&= 6F

Analog Input (next week!)
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