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Inputs and Outputs

Digital Vs. Analog

Commands

« pinMode(pin, INPUT/OUTPUT);
- digitalWrite(pin, HIGH/LOW); UL SIS s i

AN INTROOUCTION TO PHYSICAL COMPUTING
« delay(ms);

« analogWrite(pin, 0-255);
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* Commands
« pinMode(pin, INPUT/OUTPUT);
- digitalWrite(pin, HIGH/LOW); L o i e
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« analogWrite(pin, 0-255);
Functions

« void setup() {}
« void loop() {}
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« pinMode(pin, INPUT/OUTPUT);
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« analogwWrite(pin, 0-255);
* Functions
« void setup() {}
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PREVIOUSLY [ON...

* Voltage, Current and Resistance

* Inputs and Outputs

* Digital Vs. Analog

* Commands
« pinMode(pin, INPUT/OUTPUT);
- digitalWrite(pin, HIGH/LOW); UL SIS s i

o d e -Lay ( ms ) , AN INTROOUCTION TO PHYSICAL COMPLUTING
« analogWrite(pin, 0-255);
* Functions

« void setup() {}
« void loop() {}

* Comments
« // Keep things clear

* Variables
e int led = 9;
e int brightness = brightness + 1;
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INPUTS!

Input is any signal entering an electrical system

Both digital and analog sensors are forms of input

Input can also take many other forms: a keyboard, a mouse,
infrared sensors, biometric sensors, touch sensors, cameras
or just plain voltage from a circuit

This is how you can make a computer react to the world
around it

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 13
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OiGITaL INPUT

Like digital output, can only sense if a signal is high or low

* For Arduino
— High is voltage above 3V

— Low is voltage below 1.5V

* General category is “switches”

* Includes push buttons (momentary switches), toggle
switches, knife switches (maintained switches),
capacitive/touch switches, and many other sensors

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 14
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COMPONENT SPOTLIGHT: THE PUsH BUTTON /
MOMENTERY SWITCH

Onim
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PusH HutToON and BReadboard CONNBLCTIONS

il

Our buttons have to bridge
the gap on our breadboards

The top pins are connected to
each other and so are the
bottom ones

Onim
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LUsING THE HReadboard To HBuiLt a SIMBLE INPUT
CIRCLUIT

LED1
Red (633nm)

Remember our original

SZ;« . .
| circuit?

Arduino

R1
220Q

§ 0.25

o
(Rev3)
ICSP

oXore]
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il CIRCLIT

LED1
Red (633nm)

Remember our original

VAN . .
“ circuit?

Arduino
Uno
(Rev3)
ICSP

R1
220Q

§ 0.25

We're going to wire that
up again, but this time
with a switch

oXore]
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AddiNG CONTROL

Any circuit that has
meaningful input has
some degree of
control
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AddiNG CONTROL

Any circuit that has
meaningful input has
some degree of
control

Microcontrollers allow
us to assign different
relationships between
iInputs and outputs
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1f() statements /

Boolean logic

PROJECT # 4 - Lie OBTECTOR

Just give me 3 clock cycles with the perp...

Psuedo-code - how should this work?

Green LED
@ turns on
Statement
true? %

Red LED
turns on
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PROJECT # 3 - Lie OBTECTOR
INBUTS anNd OuTPuTS

n LED
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You can leave the
button on the
breadboard- we’ll
be using it again
soon
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PROJECT # 4 - Lie DBTECTOR
CONOITIONSL STATEMENTS

the 1f() statement

1T (varA > varB) {
analogWrite(led, varA);
}
else {
analogWrite(led, varB);

}

Onim
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CONDITIONSL STATEMENTS

if (varA > varB) { <

analogWrite(led, varA);
}

else {
analogWrite(led, varB);

}

Onim
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PROJECT # 4 - Lie DBTECTOR
CONDITIONSL STATEMENTS

: this
1T (varA > varB) {

analogWrite(led, varA), ¢
}

else {
analogwWrite(led, varB);

}

Onim
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PROJECT # 34 - LiIe DETECTOR
CONDITIONSL STATEMENTS

: this
1T (varA > varB) {

analogWrite(led, varA);

}
else { S i se

analogwWrite(led, varB);
}

Onim
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PROJECT # 3 - Lie OBTECTOR
CONDITIONSL STATEMENTS

. f this
if (varA > varB) { s true

analogwWrite(led, varA);
}

analogWrite(led, varB), <
}

Onim
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HooLeaN OPERATORS

(a) a is true, HIGH or does not equal zero
('a) a is false, LOW or equals zero

(a) == (b) aisequaltob

(a) '= (b) aisnotequaltob

(a) > (b) a is greater than b

(a) >= (b) a is greater than or equal to b

(a) < (b) aislessthanb

(a) <= (b) aisless than orequaltob

(a) && (b) both a is true AND b is true

(a) || (b) either a is true OR b is true

Onim
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1= ERYT

fade.ino

o~ O U B WM =

MR RN R RN R M BN e e e e et o el el o
00~ O B WN =0 WO~ uWU AWM= 0w

* Gradually fade an LED on and off

-+ /

// assign pin based off circuit
int led = 9;

int brightness = 0; // holds the value for how bright the led is
int fade_amount = 5; // how much the brightness changes each loop

// the setup function runs once when you press reset or power the board
void setup() {

// initialize digital pin 9 as an output.

pinMode(led, OUTPUT);
b

// the loop function runs over and over again forever
void loop() {

analogWrite(led, brightness); // set the brightness of pin 9
brightness = brightness + fade_amount; // update the brightness for the next loop

if (brightness <= 0 || brightness >= 255) { §}// if the LED is all the way off or on

. U vis ot - // change the direction of the fade

delay(30); // pause to see the dimming effect

}
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PROJECT # 3 - Lie OBTECTOR

if_tester.ino
1
2
3
4
5
6 int red_led = 13;
7 int green_led = 12;
8
9
10 int a = true;
11 int b = false;
12
13
14 void setup() {
15 pinMode(red_led, OUTPUT);
16 pinMode(green_led, OUTPUT);
17
18
19 if (a) {
20 digitalWrite(red_led, LOW);
21 digitalWrite(green_led, HIGH);
22 }
23 else {
24 digitalWrite(green_led, LOW);
25 digitalWrite(red_led, HIGH);
26 }
27 }
28
29
30 |void loop() A
31
32 }
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if_tester.ino
1
2
3
4
5
6 int red_led = 13;
7 int green_led = 12;
8
9
10 int a = true;
11 int b = false;
12
13
14 void setup() {
15 pinMode(red_led, OUTPUT);
16 pinMode(green_led, OUTPUT);
17
18
19 {
20 grgttalWrite(red_led, LOW);
21 digitalWrite(green_led, HIGH);
22 }
23 else {
24 digitalWrite(green_led, LOW);
25 digitalWrite(red_led, HIGH);
26 }
27 }
28
29
30 |void loop() A
31
32 }
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if_tester.ino
1
2
3
4
5
6 int red_led = 13;
7 int green_led = 12;
8
9
10 int a = true;
11 int b = false;
12
13
14 void setup() {
15 pinMode(red_led, OUTPUT);
16 pinMode(green_led, OUTPUT);
17
18
19 {
20 grgttalWrite(red_led, LOW);
21 digitalWrite(green_led, HIGH);
22 }
23 else {
24 digitalWrite(green_led, LOW);
25 digitalWrite(red_led, HIGH);
26 }
27 }
28
29
30 |void loop() A
31
32 }
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PROJECT # 3 - Lie OBTECTOR

if_tester.ino
1
2
3
4
5
6 int red_led = 13;
7 int green_led = 12;
8
9
10 int a = true;
11 int b = false;
12
13
14 void setup() {
15 pinMode(red_led, OUTPUT);
16 pinMode(green_led, OUTPUT);
17
18
19 {
20 grgttalWrite(red_led, LOW);
21 digitalWrite(green_led, HIGH);
22 }
23 else {
24 digitalWrite(green_led, LOW);
25 digitalWrite(red_led, HIGH);
26 }
27 }
28
29
30 |void loop() A
31
32 }
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PROJECT # 3 - Lie OBTECTOR

if_tester.ino

OO0 NouphWwWN =

int red_led =
int green_led

13;
= 12;

14 void setup() {

15
16
17
18
19
20
21
22
23
24
25
26
27 ¥
28
29

pinMode(red_led, OUTPUT);
pinMode(green_led, OUTPUT);

if (a > bl
Orgltatnrite(red_led, LOW);
digitalWrite(green_led, HIGH);

}

else {
digitalWrite(green_led, LOW);
digitalWrite(red_led, HIGH);

+

30 |void loop() A

31
32}
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PROJECT # 3 - Lie OBTECTOR

if_tester.ino
1
2
3
4
5
6 int red_led = 13;
7 int green_led = 12;
8
9
10 int a = 9;
11 'int b = 5;
12
13
14 void setup() {
15 pinMode(red_led, OUTPUT);
16 pinMode(green_led, OUTPUT);
17
18
19 {
20 Orgltatnrite(red_led, LOW);
21 digitalWrite(green_led, HIGH);
22 }
23 else {
24 digitalWrite(green_led, LOW);
25 digitalWrite(red_led, HIGH);
26 }
27 }
28
29
30 |void loop() A
31
32 }
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PROJECT # 3 - Lie OBTECTOR

if_tester.ino

int red_led =
int green_led

§ e
11 5 .

12

13

14 void setup() {

15 pinMode(red_led, OUTPUT);

16 pinMode(green_led, OUTPUT);

17

18

19 Wif 0 >5 (| a)l

20 Ulg aLlW S ed_led, LOW) ;
21 digitalWrite(green_led, HIGH);
22 }

23 else {

24 digitalWrite(green_led, LOW);
25 digitalWrite(red_led, HIGH);
26 }

27 '}

28

29

30 |void loop() A

31

32}

13;
= 12;

o Noouph,h WN -
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PROJECT # 3 - Lie OBTECTOR

if_tester.ino
1
2
3
4
5
6 int red_led = 13;
7 int green_led = 12;
8
9
10 int a = true;
11 'int b = 5;
12
13
14 void setup() {
15 pinMode(red_led, OUTPUT);
16 pinMode(green_led, OUTPUT);
17
18
19 Wif (b > 5 8& a)l
20 Ulg aLlW S ed_led, LOW) ;
21 digitalWrite(green_led, HIGH);
22 }
23 else {
24 digitalWrite(green_led, LOW);
25 digitalWrite(red_led, HIGH);
26 }
27 }
28
29
30 |void loop() A
31
32 }
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PROJECT # 3 - Lie OBTECTOR

if_tester.ino
1
2
3
4
5
6 int red_led = 13;
7 int green_led = 12;
8
9
10 int a = true;
11 'int b = 5;
12
13
14 void setup() {
15 pinMode(red_led, OUTPUT);
16 pinMode(green_led, OUTPUT);
17
18
19
20 OIPr oI cLred _led, LOW);
21 digitalWrite(green_led, HIGH);
22 }
23 else {
24 digitalWrite(green_led, LOW);
25 digitalWrite(red_led, HIGH);
26 }
27 }
28
29
30 |void loop() A
31
32 }
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HooLeaN OPERATORS

(a) a is true, HIGH or does not equal zero
('a) a is false, LOW or equals zero

(a) == (b) aisequaltob

(a) '= (b) aisnotequaltob

(a) > (b) a is greater than b

(a) >= (b) a is greater than or equal to b

(a) < (b) aislessthanb

(a) <= (b) aisless than orequaltob

(a) && (b) both a is true AND b is true

(a) || (b) either a is true OR b is true

Onim
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igitalRead()

PROJECT # Y - BurTON/MaiNTaINBd SWITCH SWITCH

Who you callin’ momentary?
Psuedo-code - how should this work?

Button LED ‘
%!!!Inﬁg} !!!!I‘Q%‘\
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digitalRead ()

PROJECT # Y - HutToON/MaiNTaINED SWITCH SWITCH

Who you callin’ momentary?
Psuedo-code - how should this work?

Button ressed LED ‘
l!%llnﬁg} !HI!INE»'tﬂUB?‘ﬁ%E‘
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PROJECT # Y - ButToON/MaiNTaiNEd SWITCH SWITCH
INBUTS anNd OuTPuTS

Push Button LED

Onim
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TRENSITIONING TO MICRO-CONTROL
OutpuTt & INPUT
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PROJECT # Y - HutToON/MaiNTaINBED SWITCH SWITCH
OurR FIRST INBUT CoMMmands!

pinMode(pin, INPUT/OUTPUT);
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OurR FIRST INBUT CoMMmands!

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(2, INPUT);
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OurR FIRST INBUT CoMMmands!

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(2, INPUT);

digitalRead(pin);
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pinMode(pin, INPUT/OUTPUT);
ex: pinMode(2, INPUT);

digitalRead(pin);
ex: digitalRead(2);
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PROJECT # Y - HutToON/MaiNTaINBED SWITCH SWITCH
OurR FIRST INBUT CoMMmands!

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(2, INPUT);

digitalRead(pin);
ex: digitalRead(2),
ex: int button_state = digitalRead(2),
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PROJECT # Y - HutToON/MaiNTaINBED SWITCH SWITCH
OurR FIRST INBUT CoMMmands!

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(2, INPUT);

digitalRead(pin);
ex: digitalRead(2),
ex: int button_state = digitalRead(2),

button_state will eitherbe HIGH or LOW
HIGH if switch is off, LOW if switch is on
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PROJECT # Y - HutToON/MaiNTaINBED SWITCH SWITCH
Code Review

button_switch.ino

int button = 2;
int led = 13;

9 int button_val = HIGH;
10 int last_button_val = HIGH;
11 1int pressed = false;

12 int led_val LOW;
13

14

15 void setup() {

16

17 pinMode(button, INPUT);
18 pinMode(led, OUTPUT);
19 1}
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button_switch.ino

21

22 void loop() {

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
4
45
46
47
48 }

Code Review CoONTINUE

button_val = digitalRead(button);

if(button_val == LOW && last _button_wval == HIGH) {
pressed = true;

¥

else {
pressed = false;

}

if(pressed) {
if(led val == LOW) {
led val = HIGH;
}
else {
led val = LOW;
}
}

digitalWrite(led, led_val);

if(button_val != last _button_val) {
delay(50);
}

last button val = button val;
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Code Review CoONTINUE

button_switch.ino

o~ o kWM =

— o o s s s s
oo B WM = 0O W

17
18
19
20

I."'l -+

* make a push button beha
// assign pins based off c
int button = 2;
int led = 13;

int button val = HIGH;
int last button_val = HIGH

int pressed = false;
int led val = LOW;
// the setup function runs

void setup() {
Ff initialize pin 2 as a
pinMode(button, INPUT);
pinMode(led, OUTPUT);

b

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.

button_switch.ino

21
22
23
24
5
26
27
28
29
30
31
32
323
34
35
36
37
38
39
40
41
42
43
oot
45
46
47
48

// the loop function runs over and over again forever

void loop() {

button_val = digitalRead(button);
if(button_val == LOW && last button_val == HIGH) {
pressed = true;
}
else {
pressed = false;
}
if(pressed) {
if(led val == LOW) {
led val = HIGH;
¥
else {
led val = LOW;
¥
}

digitalWrite(led, led_val);

if(button_val
delay(50);
}

I= last_button_val) {

last _button val = button_val;
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PROaJECT # Y - HButToON/MaiNTaiINEd SWITCH SWITCH
PuzzLES

Challenge 4a - Wire another LED. Make the button turn
one off and the other on

Challenge 4b - Make an LED blink when you press the
button (hint: look at File>Examples>Digital>Blink
Without Delay)

Challenge 4c - Make an LED alternate between off, on
and blink by pressing the button
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