PREVIOUSLY [ON...

* Digital Inputs

PreviousLy ON...

* Voltage, Current and Resistance
+ Inputs and Outputs
+ Digital Vs. Analog
* Commands
« pinMode(pin, INPUT/OUTPUT);
. digitalwrite(pin, HIGH/LOW); '“mea‘:"fu:n“LE“-
+ delay(ms); W MTROLCTEN T0 SR
« analogwWrite(pin, 0-255);
* Functions
« void setup() {}
« void loop() {}
* Comments
« // Keep things clear
* Variables
« int led = 9;
« int brightness = brightness + 1;\
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PREVIOUSLY [ON...

* Digital Inputs
* if() statements

PreviousLy ON...

* Voltage, Current and Resistance
+ Inputs and Outputs
+ Digital Vs. Analog
* Commands
« pinMode(pin, INPUT/OUTPUT);
. digitalwrite(pin, HIGH/LOW); '“mea‘:"fu:n“LE“-
+ delay(ms); W MTROLCTEN T0 SR, CORUTIG
« analogwWrite(pin, 0-255);
* Functions
« void setup() {}
« void loop() {}
* Comments
« // Keep things clear
* Variables
« int led = 9;
« int brightness = brightness + 1;\
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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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PREVIOUSLY [ON...

* Digital Inputs
* if() statements

PreviousLy ON...

* Voltage, Current and Resistance
+ Inputs and Outputs
+ Digital Vs. Analog
* Commands
« pinMode(pin, INPUT/OUTPUT);
. digitalwrite(pin, HIGH/LOW); '“mea‘:"fu:n“LE“-
+ delay(ms); W MTROLCTEN T0 SR, CORUTIG
« analogwWrite(pin, 0-255);
* Functions
« void setup() {}
« void loop() {}
* Comments
« // Keep things clear
* Variables
« int led = 9;
« int brightness = brightness + 1;\
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PREVIOUSLY [ON...

* Digital Inputs
* if() statements
* Pull-up resistors

PreviousLy ON...

* Voltage, Current and Resistance
+ Inputs and Outputs
+ Digital Vs. Analog
* Commands
« pinMode(pin, INPUT/OUTPUT);
. digitalwrite(pin, HIGH/LOW); '”’*EE‘:“”':"“LE”'
- delay(ms); v o mvsca.
« analogwWrite(pin, 0-255);
* Functions
« void setup() {}
« void loop() {}
* Comments
« // Keep things clear
* Variables
« int led = 9;
« int brightness = brightness + 1;\

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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EER'IEILIELY, THE ONE THING TO TdKE dWdY

|

YOU CAN'T MESS ANYTHING UP

BAD ENOUGH THAT WE'LL BE MAD AT YOU
OR THINKYOU'REDUMB?



http://creativecommons.org/licenses/by-sa/3.0/us/

> 4 analogRead ()

PROJECT # 5 - NIGHT LIGHT
How Dark Is Too Dark?
Psuedo-code - how should this work?

LED

turns
;uQ
ow Dark

Check

ow Dark
It Is

LED

turns
off

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 7
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PROJECT # Y - NIGHT LIGHT
INBUTS anNd OuTPuTs

rns
\3\0
™
Dark - ?:‘;gk
rns

)T f

Photoresistor LED
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THE VoLrace Oivider

Y R2
R2 Rrotal = Ry + R,

Onim
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THE VoLTtacse Oivider

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

“From each according to
their ability, to each
according to their need.”

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

How many carrots does the
fairy have left at this point?

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 12
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THE VoLTtacse Oivider

AAOW many carrots does the

fairy have left at this point?
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THE VoLTtacse Oivider

How many carrots does the
fairy have left at this point?
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THE VoLTtacse Oivider

s

How many carrots does the
fairy have left at this point?
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THE VoLTtacse Oivider

s

How many carrots does the
fairy have left at this point?
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THE SWITCH-0OVER

R2
1kQ .
§o.25 Microcontroller
o0 > =
S =
m >
— {RESET DO/RX |———
— | RESET2 D1/TX
——— 1 AREF D2
— {IOREF D3PWM|—
D4l—
A0 D5 PWM f[———
—AA1 D6 PWM [——
— Arduino D7 f—ro
—  IA3 Uno D8
~ (Rev3)
R3 A4/SDA ICSP D9 PWM f——
A5/SCL D10 PWM/SS |———
D11 PWM/MOSI f———
D12/MISO f———
D13/SCK |———
— {N/C
[a)
=z
o

fritzing
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PROJECT # 4 NBGHT LIGHT
CCHEMATIC

R2
10

0.25
LED1

Red (633nm)

SZ;«

Arduino
Uno

5;00 (Rev3)

§ 0.25 @ R3 ICSP
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PROJECT # Y - NIGHT LIGHT
WIRING [IaGRaM

~R2
1kQ
0.25
LED1 2 = z
Red (633nm) CNCIC .
e o
—— | RESET DO/RX f——— b o @ @
—{RESET2 D1/TX |—— o o P99 ¢
SZ\ — |AREF D2f— c° ... 3
\ @ o e o o L2
— | IOREF D3 PWM f——— L4 2S =T
N e o e . -
DAl—— e e o e . .
A0 D5 PWM |——— .o S5 cc
F e o o o )
— A1 D6 PWMf— S ¢ e o o e oo o
e o o e o L2
— M Arduino R .o P 2909 _—
R1 A3 Uno D8 > 3 e o o e e oo £3 &
o ~ (Rev3) e o o o o . [ 1]
322059 —g|Arson ICSP D9 PWMf—— ° 994 ¢
) A5/SCL D10 PWM/SS |——— ) (CC 999 z
9 o/ffe e s
D11 PWM/MOSI |——— e e o o of/e o o 5
_ (s}
D12/MISO |—— .o ¢ e
oo e o e e o e
D13/SCK ® @ e o o e o o
- e o o o oo o
e o o oo o
— IN/C ® @ e o o e o o
P oo o >
23 99 s o =1t H
) 5
e o e ) a
) =
e o o e o
a L
o oo . .
&

fritzing

fritzing
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PROJECT # Y - NIGHT LIGHT

int sensor_val = analogRead(pin);

pin - refers to the analog input pin (limited to pins AO, A1, A2,
A3, A4 and Ab)

Arduino uses a 10-bit analog-to-digital converter (ADC):

* This means that sensor_val is always a number
between O and 1023

e Minimum Carrots — O

e Maximum Carrots — 1023

Onim
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[JeTERMINING ANSLOG VaLues

But the top bunny is always going to get
| 2 some carrots, so we can't really get to
e T 1023

L’ And we can’t really make our bottom

bunny so small that it gets O carrots
So how do we determine the minimum and maximum
numbers for our circuit?

* Do math

Onim
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[JeTERMINING ANSLOG VaLues

But the top bunny is always going to get
& some carrots, so we can't really get to
e T 1023

L’ And we can’t really make our bottom

bunny so small that it gets O carrots
So how do we determine the minimum and maximum
numbers for our circuit?

* Dgmath

* Ask the microcontroller

Onim
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LSING SERIZL COMMLUNICaTION

Method used to transfer data between two devices.

Data passes between the computer and Arduino through the Universal
Serial Bus (USB!) cable. Data is transmitted as zeros (‘0’) and ones (‘1’)
sequentially.

10010100110 ...

Arduino dedicates Digital I/O pin # O to
receiving and Digital [/0 pin #1 to
transmit.

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 23
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File Edit Sketch Tools Help

OdispLAYING THE SERIGL MONITOR

Q e Select Board

BareMinimum.ino

hoid setup() {

—

}

}

o~ OB W

void loop() {

Ln 1, Col1

* No board selected

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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A Tour OF THE SERIAL MONITOR

Serial Monitor x  Output ¥ 0O =
Mew Line * 9600 baud -

Message from Arduino

Ln 7, Col 14 Arduino Uno on /dev/ttyUSBO0 (22 B

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 25
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A Tour OF THE SERIAL MONITOR

Serial Monitor x  Output F™ O = I

Mew Line S GLLEE Toggle Autoscroll

Message from Arduino

Ln 7, Col 14  Arduino Uno on /dev/ttyUSBO
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A Tour OF THE SERIAL MONITOR

Serial Monitor x  Output ¥ Q§ I

Mew Line * 9600 baud Toggle Timestamp

Message from Arduino

Ln 7, Col 14  Arduino Uno on /dev/ttyUSBO
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A Tour OF THE SERIAL MONITOR

Serial Monitor % Output v O & I

Mew Line * 9600 baud 8 Clear Output

Message from Arduino

Ln 7, Col 14  Arduino Uno on /dev/ttyUSBO

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 28


http://creativecommons.org/licenses/by-sa/3.0/us/

A Tour OF THE SERIAL MONITOR

Serial Monitor x  Output

¥ 0O =

MNew Line * | 9600 baud
Message from Arduino Mo Line Ending
MNew Line
Carriage Return
Both NL & CR

-

Ln 7, Col 14  Arduino Uno on /dev/ttyUSBO

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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A Tour OF THE SERIAL MONITOR

Serial Monitor x  Output ¥ 0O =
Mew Line * | 9600 baud -

Message from Arduino 750 baud
1200 baud
2400 baud
4800 baud
9600 baud
19200 baud
31250 baud
38400 baud
57600 baud
74880 baud
115200 baud
230400 baud

Ln 7, Col 14  Arduino Uno on /dev/ttyUSBO
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Haud RaTe

How do we know how many O’s and
1’s there are?

10010100110

We tell how the computer and
microcontroller how long a signal has
to be high or low to countasaloraO0

1100001100110000111100 Py settingthebaudrate

‘ For our purposes it doesn’t really

matter what the baud rate is, it’s just
important that the microcontroller
and computer agree!

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 31
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CERIAL CoMMaNnds

Serial.begin(baud_rate);
ex: Serial.begin(9600);

Serial.print(“Text”);
Serial.print(variable);

Serial.println(“Text”);
Serial.println(variable);

Onim
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Ask AROuINO - Code Review

ask_arduino.ino
1
2
3
4
5 1nt analog_pin = AO;
6
7
8 void setup() {
9
10 Serial.begin(9600);
11}
12
13
14 void loop() {
15 int sensor_value = analogRead(analog_pin);
16
17 Serial.print("sensor = ");
18 Serial.println(sensor_value);
19
20 delay(500);
21}
22

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 33
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CERIAL COMMLNICETION:
CeERIAL [EHUGGING

void loop()

{
int xvVar = 10;
Serial.print ( “Variable xVar 1s “ )
Serial.println ( xVar ) ; =

} Variable xVar
Variable xVar

Variable xVar
Variable xVar
Variable xVar
Variable xVar
Variable xVar
Variable xVar
Variable xVar
Variable xVar
Autoscroll

4

is
is
is
is
is
is
is
is
is
is

10
10
10
10
10
10
10
10
10
10

COM24

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

void loop ( )

{
Serial.print (“Digital pin 9: “);
Serial.println (digitalRead(9));

} (£ COM24

Send

Digital pin
Digital pin

Digital pin
Digital pin
Digital pin
Digital pin
Digital pin
Digital pin
Digital pin

LU BN DN DN NS N 5 N5 RS B S ]
L} - L] L] L] L] - - L] L]
T T T = Sy S S SRy =Y

Digital pin

L

[ Hitoserol sl (SN
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NIGHT LIGHT - Code Review

night_light.ino

1

2

3

4

5

6

7 int photoresistor = AO;
8 1int led = 13;

10 int threshold = 300;

13 void setup() {

15 pinMode(led, OUTPUT);
16 }

19 void loop() {
21 int light level = analogRead(photoresistor);

23 if(light_level > threshold) {
24 digitalWrite(led, HIGH);

25 }

26 else {

27 digitalWrite(led, LOW);

28 ¥

30 delay(5);

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

Examples:
Photoresistor light_level
Microphone sound_volume
Temp Sensor temp
Flex Sensor bend
Accelerometer tilt, acceleration

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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TRIMPOT (POTENTIOMETER)
VariabLe REsISTOR

[———————
|
|

fixed 1
< end |

- wiper :
|

~——_fixed I

end :
|
|

Onim
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TRIMPOT (POTENTIOMETER)
VariabLe REsISTOR

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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TRIMPOT (POTENTIOMETER)
WHaT does IT MEaNS

Since we're controlling the size of both bunnies:
* We can make either bunny so small it gets zero carrots
* We get the full range of 0-1023!
* This makes potentiometers excellent controllers for
physical computing “settings”
* Can we think of any examples?

Onim
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TRIMPOT (POTENTIOMETER)
WHaT does IT MEaNS

Since we're controlling the size of both bunnies:
* We can make either bunny so small it gets zero carrots
* We get the full range of 0-1023!
* This makes potentiometers excellent controllers for
physical computing “settings”
* Can we think of any examples?
* But what if the setting we want to control has less (or
more) than 1023 values? Or if we want it not to start at 0?

Onim
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TRIMPOT (POTENTIOMETER)
WHaT does IT MEaNS

Since we're controlling the size of both bunnies:
* We can make either bunny so small it gets zero carrots
* We get the full range of 0-1023!
* This makes potentiometers excellent controllers for
physical computing “settings”
* Can we think of any examples?
* But what if the setting we want to control has less (or
more) than 1023 values? Or if we want it not to start at 0?
* Do math

Onim
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TRIMPOT (POTENTIOMETER)
WHaT does IT MEaNS

Since we're controlling the size of both bunnies:
* We can make either bunny so small it gets zero carrots
* We get the full range of 0-1023!
* This makes potentiometers excellent controllers for
physical computing “settings”
* Can we think of any examples?
* But what if the setting we want to control has less (or
more) than 1023 values? Or if we want it not to start at 0?
* Domatihr
* Get the microcontroller to do it for us

Onim
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Mar ComMMand

int new_var = map(old_var, old_low, old_high, new_low, new_high);

offset_val = map(val, 0, 100, -50, 50);

reverse_val = map(val, 1, 100, 100, 1);

write_val = map(read_val, 0, 1023, 0, 255);

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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PROJECT # 5 - ReaL TiMe CoLOR MIXER

Tying it all together...
Psuedo-code - how should this work?

dressed?

rimpot value to
d pin of RGB LED

Write a scaled

rimpot value to

reen pin of RGB
LED

Write a scaled
rimpot value to
0lue pin of RGB

dressed?

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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PROJECT # 5§ - INBUTS anNd OuTtpuTs

a “Select” Button Red Indicator

an “Adjust” Button Green Indicator

Trimpot Blue Indicator
RGB LED

Onim
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PROJECT # 5§ - ReaL TiME CoLoR MIXER
CCHEMATIC

LED1 LED5 LED3
Red (633nm) | Green (565nm)| Yellow (585nm)

le

/x VA VAN

R1 R2 R3 RS Part1

R7
2200 2200 - 2200 “ 10kQ ~ 10kQ

§i5% § +5% § +59 § +5% +5%

S3 S4 ——{ RESET2 D1/TX f——

3v3
5v
VIN

—— | RESET DO/RX f——

—— AREF D2

\ \ gg)(k)Q —{ IOREF D3 PWM

I_A_ I_n_ ol
' % = A0 D5 PWM

— Al D6 PWM
R6 |R5 |R4 h — i 07—
2200 2200| 2200 A o8
+59% |+5%-| +5% " (Rev3)
— 1 aasspa ICSP D9 PWM
§ § § — 1 asssc D10 PWM/SS
~ 5 D11 PWM/MOSI
D12/MISO
LED4 D13/SCK
——IN/C
VARV
¥a|l WOl wH

oXore]
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PROJECT # 5§ - ReaL TiIME CoLorR MIXER
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WHErRE TO GO FROM HERE:

BareMinimum | Arduino IDE 2.2.1

Tools Help

Open Recent

Sketchbook

Examples

Close Ctri+W AnalogReadSerial
BareMinimum
Blink
DigitalReadSerial

Preferences...
Fade

Advanced 50r'S ReadAnalogVoltage

Quit

10.StarterKit_BasicKit

11.ArduinoISP

Ln1,Col1 X Noboard selected 1
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CPECIAL THaNKS:

roto
spark’?unm Sense: cs

www.sparkfun.com Umg/SMARTY
1/ PANTS
= CONSULTING

6175 Longbow Drive, Suite 200
Boulder, Colorado 80301
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