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OvERVIEW OF [L3ss

Getting Started:
* Context
* Components
* Software Installation Electrical:
* Ohm's Law

* (Circuits

* Multimeters
* Inputs and Outputs Microcontrollers:
* Analog vs Digital * Digital Outputs
Analog Outputs
Digital Inputs

Analog Inputs

Serial Communication
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WRING LIDRSRY PROCESSING
(and AROuUIND)

Open Source Hardware /Software ﬁ

AIMEL Processor open source

Coding is accessible & transferrable

(C++, Processing, java)

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

Arduino - can refer to the Amtel ATMEGA328p # R ol

i =

microcontroller, the development board or th_ "=l .
programming environment Es G

b N

microcontroller — shitty computer, but generally one with
GPIO and analog input pins

GPIO pins - general purpose input/output pins, send and
receive signals from outside the chip

physical computing - using a computer to interact with
the real world

development board — microcontroller with connectors to
easily access the GPIO, analog input and power

Onim
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USB
PWR IN (to Computer)

RESET

(12C Bus)

T3] IS H - scuispa

:
B I
POWER | &l
5V /3.3V/GND S Sl
o sase GPIO Pins
— D) 8 PWM(3, 5, 6, 9, 10, 11)
Analog 1k
INPUTS 7] ol |!

{
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ArduiNng & ArRduINOg ComeaTibLe Hoards
ARDUINO

B¢

sparkfun.

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 6
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INCLUOEd COMPONENTS

Name Image Type
Push Button @ Digital Input
Trim - ‘ Analog Input
potentiometer
Resistor —WMle~ Passive
- Component
Photoresistor & Analog Input
LED Digital &
Analog Output
RGB LED Digital &
Analog Output
Jumper Wires g Interconnect
Breadboard = SHEEE Interconnect

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

Function

Switch - Closes or
opens circuit

Variable resistor

Drops Voltage

Light Dependent
Resistor (LDR)

Emits a single
wavelength light

16,777,216
different colors

Connects other
components

Where the
connections
happen

Notes

Also called a
Trimpot.

Color-Coded for
Different Values

Resistance varies
with light.

Ooh... So pretty.

Your extroverted
friend

The neighborhood
pub



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

GETTING STarTEd

https://microcontrollers.smartypantsconsulting.ltd

* Sample Code
* Schematic/Wiring Diagrams
* Web Resources

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



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

GETTING STarTEd

|

YOU CAN'T MESS ANYTHING UP

BAD ENOUGH THAT WE'LL BE MAD AT YOU
OR THINKYOU'REDUMB?
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ELECTRICITY / ELECTRONICS Hasic CONCERTS

Voltage
Current
Resistance
Ohm’s Law

Using a Multimeter

v-E:

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

istance
| R
* The amount of * Related to * How difficult
potential number of it is for
energy in a electrons that electrons to
circuit (how flow through a flow through
“hard” it can circuit every a circuit
push electrons) second
* Units: Volts (V) * Units: Amperes (A) * Units: Ohms (Q)

Onim
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OHM's Law

N V=1IxR
AI_V .
ﬂm A R=ve

This work is licensed under a Creative Commo A b n-ShareAlike 3.0 United States License. 12
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CURRENT FLOW ANBLOGY

High Current Low Current

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

13


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

<
|
=

VoLTace ANSLOGY

Water
Tower

by

b,
!
More Energy == Higher Voltage

VI

Water
Tower

®®
o

Less Energy == Lower Voltage

@90 LSl
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V=IR

ReSISTANCE ANSLOGY

Water
Tower

b

\ 4 o
@A%%

Big Pipe == Lower Resistance

V-I-

e’e

Water
Tower

s
b

\ 4

Small Pipe == Higher Resistance

s V'R
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CONTINUITY - IS 1T 8 CIRCUITA

The word “circuit” is derived from the |r ______ 1|
circle. An Electrical Circuit must have : _I"_
a continuous LOOP from Power (V) —— |
to Ground (GND). : ‘!:
I 30
| =
| 9

Continuity- it is important to make sure L e e . |
all the portions of circuits are
connected. Continuity is the simplest
and possibly the most important N
setting on your multimeter. setting
Sometimes we call this “ringing out”
a circuit.

Onim
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MESSURING ELECTRICITY — VOLTAGEE I

>
B o0
-

<

Voltage is a measure of potential electrical energy.
A voltage is also called a potential difference - it
is measured between two points in a circuit -
across a device.

e 20MQ OFF  200mv

/ 200k, 75 N,
20k ./ :
r— - 1 r

-
‘
-

J‘A!:h -

Onim
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MESSURING ELECTRICITY -—- LLURRENT .

Current is the measure of the rate of charge flow. For
Electrical Engineers — we consider this to be the
movement of electrons.

In order to measure this — you must break the circuit or
insert the meter in-line (series).

F 200
200kQ -~ N

20k ./~

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

Resistance is the measure of how much opposition to
current flow is in a circuit.

Components should be removed entirely from the circuit
to measure resistance. Note the settings on the
multimeter. Make sure that you are set for the
appropriate range.

Resistance
settings

_ 20M0 OFF  200mV
200k0) =

')

\_/

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 19
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PROTOTYRING CIRCUITS
CoLderLess HReadboard

One of the most useful tools in
an engineer or Maker’s toolKkit.
Good things to remember:

* A breadboard is easier than soldering

* A breadboard isn’t the same as
soldering
* Sometimes breadboards break -~ G /
* Sometimes breadboards don’t st NS
make good connections /
* They're not good for high-speed
applications

* Know what dots are connected to each
other ©

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 20
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WHY 8 BReadbnard-

Atwater Kent Radios (ca 1923)

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License
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WHaT's 8 BReadboard?

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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COMPONENT SPOTLIGHT: THE RESISTOR

~\\ / E

\\\\;{_ " /,,/
N rm,‘ » P /

~_ gy ( ) h m ! !
S giiEy S
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JecodiNG RESISTOR VaLUBES

4-Band-Code

2%, 5%, 10% 560K (2 £+ 5%
L N [ ’Ml. 1 [ |

COLOR 15T BAND | 2"" BAND | 3** BAND| MULTIPLIER | TOLERANCE

L 1 [ '_I. 1 [ |
0.1%, 0.25%, 0.5%, 1% 2370 £ 1%

5-Band-Code

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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COMPONENT SPOTLIGHT: THE LED

Diod
iode -

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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COMPONENT SPOTLIGHT: THE LED

Light Emitting Diode A

v

Onim

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

27


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

anode (+)

COMPONENT SPOTLIGHT: THE LED

A2

e

cathode (-)

—

Onim

=T F'
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LEOD MNEMONIC

flat side

cathode (-)

short lead

anode (+)

Cathode, like Kathy, is short and
negative

Onim

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

29


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

LUsING THE BReadhoard ToO OUILT 3 SIMPLE
CIRCLIT

11

s USE the breadboard to wire up

LED1

Red (633nm) ®* Single LED
* 2220 Q Resistor

(Red-Red-Black-Black-
Gold)

or
o (Red-Red-Brown-Gold)

R1
220Q
0.25

Onim

=T F'
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CIRCUIT
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Lo aHead anNd pLUG YOUR board IN

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 32
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AddiNG CONTROL

ho)
=4 b
2
=
>
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=}
e
-
Z
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CoNncepTs: INPUT vs. OUTPUT

Referenced from the perspective of the microcontroller

Inputis a signal / information Output is any signal exiting the
going into the board. board.

Almost all systems that use physical computing will have an output

What are some examples of inputs and outputs?

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 34
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CoNncepTs: INPUT vs. OUTPUT

Referenced from the perspective of the microcontroller

Inputis asignal / information =~ Qutput is any signal exiting the

going into the board. board.
Examples: Buttons, Switches, Examples: LEDs, RGB LEDs,
Microphones, Light Sensors, Touch | monitors, relays, DC motors, servo
Sensors, Flex Sensors, Humidity motors, buzzers, speakers
Sensors, Temperature Sensors...

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 35
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CONCERTS: ANSLOG vs. DIGITaL

Microcontrollers are digital devices — ON or OFF.
Also called discrete.

Analog signals are anything that can be a full range
of values. What are some examples?

M HEEN

Digital Signal Analog Signal

Onim
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digitalWrite()

‘I analogWrite()

1f () statements /
Boolean logic

=3  digitalRead()
> 4 analogRead ()

B3
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digitalWrite()

“Hello World” of Physical Computing

PROJECT # 1 - HLINK

Psuedo-code - how should this work?

ON . Turn LED . Rinse &

OFF Repeat

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 38
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digitalWrite()

“Hello World” of Physical Computing

PROJECT # 1 - HLINK

Psuedo-code - how should this work?

. .

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 39
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PROJECT # 1 - HLINK
INBUTS anNd OuTPuTs

None LED /resistor

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 40
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PROJECT # 1 - HLINK
CCHEMATIC

Microcontroller

red(63z0m) | s
1 — L Move the blue wire
] — from the power
. Ardino bus to pin 12 (or
= e i = any other Digital
- I/0 pin) on the
o microcontroller

o board.

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 41



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

fritzing

WIRING [IaGRaM

PROJECT # 1 - HLINK

L] ® © & 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
© 00000 00 0000000000000 00 0000000
o e 0000000000000 0000000
© 0 0000000000000 000 000000
© 0000000000000 0000000000000 000
© 0000000000000 000000000 0000000
© 0000000000000 0000000000000000e
© 0000000000000 000000000000 0000
® O © 0 0 0 0 0 0 0 0 0 0 O O 0 0 O O O O O O O O O O 0 0 0
© 00 0000000000000 000000000 00000
e e 0 00 e e 0 00 oo 0 00 e o 0 00 oo 0 00
o O o o o o o o o o o o o o o o o o o o o o o o o
. 01
s N
E
= X X o S ¥ S S N ® S v 5 o0 X
c (%)
5| fEfEiisREEigag oy
M R o n 0 9W/UB or—
= o o o o a =2 Y o
g o g o L O
s 5 ¢ Y
a
— |NIA
e ~
S oma
UHWS anos
AS Eox=
<
ENE
e < g
v v R QL Q @)
EERO Q = o M < >
 x < 2 T < < < < < z
—
£
=
m
m
£
-
[ae QS
w9 - QN
a
\\\ xoNo
B} W
L~ ¢ C

42

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



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

OreN ur ARduiNg IOE

v BareMinimun | Arduino 1.8.16 . IDE - Integrated Development Environment

Eile £dit Sketch Tools Help Lets you write, compile (and upload) code all in
+
00 B 28 the same place
=

BareMinimum

void setup() {

/7 put your setup code here, to run once: Versions 1 and 2 are aesthetically different, functionally
} the same (for our purposes)
j’,fl‘ |1L|‘c|\|:)u‘rE main code here, to run repeatedly: o sketch_sep2a|] Arduine IDE 2.2.1 _ 3

File Edit Sketch Tools Help

B '

sketch_sep2a.ino

=

void setup() {

I

void loop() {

[=JT- - R BT I S FURY N ]

=

|
(gl

b
_ -

1 Arduing Une on fdevittyAd

Ln1,Col1 X Noboardselected 0 B

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 43
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ExpLORING THE HROUIND IOE

v sketch_sep2a | Arduino IDE 2.2.1 - o

File Edit Sketch Tools Help Port/ Board SeleCtlon
)

sketch_sepZ2a.ino
p—

1 void setup() { I
2 out vour set ~ode here  +r ~
3
4}
5
& void loop() {
7 put your mal e here, t epeate
8
o }
. CODING WINDOW
Serial Monitor X Output ¥ O IS

Mew Line * 9600 baud

SERIAL / OUTPUT WINDOW

Ln1,Col5 Arduino Uno on /dev/ttyACMO L)

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 44
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CodiNG

This is like trying to learn ‘sports’ in a few hours, or
‘cooking’ or anything else that is a field of study unto itself

We're going to go over some very broad concepts, in the
form of commands and function, giving you just enough to
be dangerous

You can copy/paste the examples, or type them in yourself,

then we’ll review what each is doing line by line| ¢ vou o ornes
1936 PAPER ON COMPUTING

AND A PAGE OF JAVASCRIPT
EXAMPLE CODE AND GUESSED
AT EVERYTHING IN BETWEEN.

\

5

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 47
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CoMMaNnds

Commands are what you want the microcontroller to do.
They're a code to translate between English and
computer-speak

Only one command can go on a line

Because it’s a code, the syntax or how you type the
commands, is very important

If you don’t get it just right, the output at the bottom of the
IDE will try to tell you what’s wrong

1.pl90/Blink/Blink.ino: In function 'void setup()':
/tmp/.arduinoIDE-unsa ? 190/Blink/Blink.ino:29:1: error: expected ';' before '

exit status 1

Compilation error: expected ';' before '}'

Onim
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PROJECT # 1 - HLINK
THREE CoOMManNd 1O S5TarT

pinMode(pin, INPUT/OUTPUT);

// NOTE: -> commands are CASE-sensitive

Onim

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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PROJECT # 1 - HLINK
THREE CoOMManNd 1O S5TarT

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(12, OUTPUT);

// NOTE: -> commands are CASE-sensitive

Onim

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 50
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PROJECT # 1 - HLINK
THREE CoOMManNd 1O S5TarT

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(12, OUTPUT);

digitalWrite(pin, HIGH/LOW);

// NOTE: -> commands are CASE-sensitive

Onim
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PROJECT # 1 - HLINK
THREE CoOMManNd 1O S5TarT

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(12, OUTPUT);

digitalWrite(pin, HIGH/LOW),
ex: digitalWrite(12, HIGH);

// NOTE: -> commands are CASE-sensitive

Onim
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PROJECT # 1 - HLINK
THREE CoOMManNd 1O S5TarT

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(12, OUTPUT);

digitalWrite(pin, HIGH/LOW),
ex: digitalWrite(12, HIGH);

delay(time_ms);

// NOTE: -> commands are CASE-sensitive

Onim

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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PROJECT # 1 - HLINK
THREE CoOMManNd 1O S5TarT

pinMode(pin, INPUT/OUTPUT);
ex: pinMode(12, OUTPUT);

digitalWrite(pin, HIGH/LOW),
ex: digitalWrite(12, HIGH);

delay(time_ms);
ex: delay(2500);

// NOTE: -> commands are CASE-sensitive

Onim
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FLINCTIONS

Functions are groups of commands
* They need a unique name

* They can take numbers as inputs (arguments) and spit
out a number as an output (return) but don’t have to

* They begin and end with curly brackets — { }

* We wont be dealing with them in too much more detail,
save every Arduino program requires two functions,
the setup( ) function and the Loop( ) function

Onim
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File Edit Sketch Tools Help

0 e 4 Arduino Uno

BareMinimum.ino

void setup() {

void loop() {

O~ Ov N b WM —

Ln 8, Col 1 Arduino Uno on /dev/ttyUSBO [not connected] L1

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 56
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CoMMeENTS COMMENTS COMMENTS

Comments are ignored by the microcontroller. They're just
for you - the programmer and your friends...or anyone
else human that might read your code.

// this 1is for single line comments

/* this 1s for multi-1line comments
Like this..
And this....

*/

Onim
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BareMinimum | Arduino 1.0.5
File Edit Sketch Tools Help

Bareminimum &

// Name of sketch < ”
// Brief Description <+ comments

/S Date: <

;

vold setup()

{

// put your setup code here, to run once:

vold loop ()
{

// put your main code here, to run repeatedly:

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License.
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PROJECT # 1 - HLINK
Code Review

blink.ino

1

2

3

4

5

6

7 void setup() {
8

9 pinMode(12, OUTPUT);
10 1}
11
12

13 wvoid loop() {

14 digitalWrite(12, HIGH);
15 delay(1000);

16 digitalWrite(12, LOW);
17 delay(1000);

18 }

19
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PROJBCT # 1 - HLINK
PuzzLBES

Challenge 1a - blink with a 200 ms second interval.

Challenge 1b - find the fastest blink that the human eye
can still detect...

1 ms delay? 2 ms delay? 3 ms delay???

Challenge 1c - blink to mimic a heartbeat

Challenge 1d - change the output pin

Onim
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@ analogwrite()

PROJECT # 2 - Fade
Not so fast, Jack

Psuedo-code - how should this work?

Achieves

Maximum
Brightness
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PROJECT # £ - Fade
INBUTS anNd OuTPuTs

None LED /resistor
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PROJECT # d - Fade
CCHEMATIC

Microcontroller

LED1
Red (633nm)

¥ Move the blue wire

to pin 9 (or 3, 5, 6,
10 or 11) on the

Arduino
R1 Uno
e e microcontroller

MWV

board.
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PROJECT # £ - Fade
WIRING [IaGRaM

Microcontroller
Q) > z
LED1 P o g
Red (633nm) e o 0 o o ° °
—— RESET DO/RX f——— 99 Y @ @
D)
—— RESET2 D1/TX f———— d @ e e o o o ° o o
§ — | AREF 02— .o OGO . <
e o o 0 o ° °
D)
—— IOREF D3 PWM f—— F YC 3¢ 3¢ 0C ° °
D4 9 @ e o o 0 o e o .
0 - 9 ¢ e o o 0 o ° o °
@ @ e & o o o e o L)
— A1 D6 PWM |b—— ® @ e o 0 o o ° o °
e o e 0 o ° o °
—A2 Arduino D7 | —- 99
e e o o o e o L]
R1 —M3 Uno D8 f—— e o 0 0 0 o o °
2200 (Rev3) L) ° o
—— A4/SDA ICSP D9 PWM ) LGOS G 99 ¢ .o o g
0.25 D 9 e o 0 0 o e o ) d @ RBA =
— A pssscL D10 PWM/SS ——— o c e ccc 9 9 @ .. Bl H
D11 PWM/MOSI fb—— ® @ e e 0o o o ° o ° ® @
D12/MISO |——— 99999 29 'N? =
9 ¢ e e 0 0 0 e e o 0o =
D13/5CK —— ® ¢ e o 0 o o e o 0 o o 5
@ @ e & o o o e e o o o ©
9 @ e o 0 0 o e e o 0 o 2
e 9 ¢ e o e 0 o e o e 0 o
e & o o o e e o o o
9 @ e o 0 0 o e e o 0 o
9 ¢ e o o 0 o e o o 0 o
% @ @ e & o o o e e o o o )Z>
o 9 @ e o 0 0 o e o 0 0 o )6>
9 e o 0 o o e o 0 0 o ;
e & o o o e e o o o

fﬁtzjng fritzing
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FadiNG IN and FadiNne OuT
(ANaLOE OR OiETaLA)

A few pins on the Arduino allow for us to
modify the output to “mimic” an analog
signal.

This is done by a technique called:
Pulse Width Modulation (PWM)

Onim

=T F'
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CONCERTS: ANSLOG vs. DIGITaL

To create an analog signal, the microcontroller uses a

technique called PWM. By varying the duty cycle, we can fool
the eye into seeing an average brightness.

Pulse Width Modulation (PWM)

50% duty cycle

off

75% duty cycle

off

25% duty cycle

off

Onim
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PROGRaEMMING CONCERTS: VariahLE

char wvarA:
int varB = 5;
long varC = varB;

varA = 2 * 7:
varB = varB + 1:
varC = varA - varb;

-~ O L W KN =

Onim

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 67



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

PROGRaEMMING CONCERTS: VariabhLE Types

Variable Types:

byte/char int/ unsigned int long/unsigned long

28 =256 values 2! =65536 values 232 =4294967,296
(0-255) (-32728 - 32727) (-2147483648 -
(0 - 65535) 2147483647)
(0-4294967295)

Onim
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How HiG Is 23

The function millis()
returns the number of
milliseconds since the
program started

The type of data millis()
returns is an unsigned
long int

4.294,967,296
milliseconds is 49.71
days ©
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VariabLes: WHICH Cup SHouLd You CHoosed

Variable Types:

byte/char int/ unsigned int long/unsigned long

28 =256 values 2! =65536 values 232 =4294967,296
(0-255) (-32728 - 32727) (-2147483648 -
(0 - 65535) 2147483647)
(0-4294967295)

Onim
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VariabLes: WHICH Cup SHouLd You CHoosed

Variable Types:

byte/char int/ unsigned int long/unsigned long

28 =256 values |2!®=65,536 values 232 =4294967,296
(0-255) (-32728 - 32727) (-2147483648 -

(0 - 65535) 2147483647)

(0-4294967295)

Onim
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PROJECT # 2 - Fade
New ComMmand!

analogWrite(pin, val);

pin - refers to the OUTPUT pin
(limited to pins 3, 5, 6,9, 10, 11.) -
denoted by a ~ symbol

val - byte/char value (0 - 255).
0=>0V | 255=>5V

Onim
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Pulse Width Modul
0% Duty Cycle - analo

ation

gWrite(0)

1

25% Duty Cycle - analo

gWrite(64)

-

11

_I

50% Duty Cycle - analogWrite(127)

B

75% Duty Cycle - analo

U UL

100% Duty Cycle - analo

=

gWrite(255)

gWrite(191)
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Fade - Code Review

fade.ino

ign pin based off ¢

int led”= 9;

O~ O bW N =

int brightness = 0; // hold
int fade_amount = 5; // how much

;i
- O W

up Tunctlon runs once wnen you press reset or power the board

=
=]

void setup(j {

5
o Wlpld 1

w

pinMode(led, OUTPUT):
¥

T .
o2 I, I =

the 100

void loop() {
analogwWrite(led, brightness); // set the brightness of pin 9

d
-

INCT1on runs over and over agaln Torevel

NN = =
= O WO

brightness = brightness + fade_amount; // update the brightness for the next

NN
w N

if (brightness <= 0 || brightness >= 255) { // if
fade_amount = fade_amount * -1; // ct

NN
[0, B Y

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

NN
00~ O
Nt
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PROJECT # 2 - Fade
PuzzLes

Challenge 2a - Change the rate of the fading in and out.
There are at least two different ways to do this — can
you figure them out?

Challenge 2b - Use 2 (or more) LEDs - so that one fades
in as the other one fades out.

Onim

This work is licensed under a Creative Commons Attribution-ShareAlike 3.0 United States License. 75



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

—|d4——-o O

PrRoOgeECT # 2.1- COLOR MIXING ':’«'
RGB LED

B
_l..‘_..w

Common Cathode LED I

This means the negative side of 03 g
the LED is all tied to Ground. mifiiN |
RED __ff‘“"# —~—BLUE .
b creEN

1234

Onim
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PROJECT # 2.1 - COLOR MIXINE
SCHEMATIC e

iy vl

=

255

L
1~ +a
o
o

A

L

2200 Microcontroller RED — ——BLUE .

0.25 .
1 ———GREEN

— 1234

R2
220Q
0.25

Note: The longest
— leg of the RGB
LED is the
Common
Cathode. This
goes to GND.

MW

R1
220Q

0.25 Arduino

Uno
(Rev3)
ICSP

WW

Ld3al

Use pins 5, 6, &9
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in

CoLOR MIXING

1 -

PROJBCT # 2

1]
0 DD

WIRING [IaGRaM

_—
-
TN
TT2 x _\
§ ]
S92\
== H
LA
=
[
o

1234

rRx B Arduino

ANALOG IN -

oo 0 00 o0 0 00 o0 0 ¢ e o0 00 o0 0 00
oo 0 00 o0 0 00 o-.oTL e o 0 00 oo 0 00
—
@
z
+~ —_
€[ zre8z2:zzBR8EZ838%
S e = o a o PMMW6
M e e ™ n w0 o =2 S 5 2
b o o o o a =2 % o
= e z e
M D“H
o
—|NIA
0)
S oo
Umws aNS
—1xs ToxX
<
— Y3
- 5 g
b - 2 2 v
w oW x o QO - N M < un <
x x < 2 < < < < < < z
c Il
0&Y X
Enie AW B
[=] z 1o
g N
NN
x N o
MW~ %
S N
[aV]
=N
xoNo

1a31

fritzing

fritzing
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PROJECT # 2.1 - COLOR MIXING
Code Review

rgb_led.ino

1

2

3

4

5

6 1int redPin = 3;

7 1int greenPin = 5;

8 1int bluePin = 6;

9

10 int red_val = 209;

11 int green_val = 5;

12 int blue_val = 249;

13

14

15 void setup() {

16

1 [, pinMode(redPin, OUTPUT);
18 pinMode(greenPin, OUTPUT);
19 pinMode(bluePin, OUTPUT);
20
21
22 analogWrite(redPin, red_val);
23 analogWrite(greenPin, green_val);
24 analogWrite(bluePin, blue_val);
25 i}

26

27

28 void loop() {

29

30 }
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HOW MaNy LINIDUE COLORS CaN vYOu CREATEA

# of unique colors = 256 - 256 - 256
= 16,777,216 colors!

COLOR PICKER ONLINE | HTML | HEX | RGB | HSL | COLOR CODES Click the “Color Picker” link at
microcontrollers.smartypantsconsulting.lt
EEEN L] ]
EEEEEEEEEN RB rgoi20s,5,249) d
EEEEN = L) .
T Pick out a few colors that you want to try
N re-creating for a lamp or lighting
- display...
E— - Play around with this and the
- 1 analogWrite() command.
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PROJECT # 2.1 - COLOR MIXING
Code Review

rgb_led.ino

1

2

3

4

5

6 1int redPin = 3;

7 1int greenPin = 5;

8 1int bluePin = 6;

9

10 int red_val = 209;

11 int green_val = 5;

12 int blue_val = 249;

13

14

15 void setup() {

16

1 [, pinMode(redPin, OUTPUT);
18 pinMode(greenPin, OUTPUT);
19 pinMode(bluePin, OUTPUT);
20
21
22 analogWrite(redPin, red_val);
23 analogWrite(greenPin, green_val);
24 analogWrite(bluePin, blue_val);
25 i}

26

27

28 void loop() {

29

30 }
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PrROJECT: Mood LaMp / LIGHT SCULPTURE

B0
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The Sror:y CONTINUES

oN O15c Two...
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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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