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HELLO!

| am Jesse Campbell...

You can find me at
http://www.jbcse.com




STEPS

Assemble

Program



ntroduction

What is Arduino and Arduboy? O SN
H EREEEN
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Arduino is...

Type of small, embedded computer.
Fast enough to play basic games. o



Aruboy

Arduino-based game platform
Games are written in C++

Has about 100 games

No cartridge slot

Sold commercially for ~$50
Common commaodity hardware



Tetris Microcard

Variation of Arduboy
Only plays Tetris
Closed source
Licensed by Tetris LTD
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Arduboy Compatible Clones
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Arduboy Compatible Clones
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Arduboy Compatible Clones
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PCB Design

Wiring Table

Display Pin

Data
Clk
DC
Rst
CSs
33
Vin
Gnd

Buttons - Tie one pin of each button to GND and the other pin to:

Button
A

B

up
RIGHT
LEET
DOWN

Piezo Speaker:

Pro Micro Pin
16

15

4

6

GND

(not connected)
vCC

GND

Pro Micro Pin

7
8
AD
Al
A2
A3

Speaker Wire Pro Micro Pin

1
b

RGB LED - Tie the anode to VCC. The cathode of each LED should go to an appropriate dropping resistor and

5
GND

the other side of the resistor should go to:

Resistor for Color: Pro Micro Pin
Blue 9

Red 10

Green 3 (with custom library)


https://community.arduboy.com/t/12-arduboy-compatible-system/236/81
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2.
Assembly

Assemble according to instructions




Assembly Materials

Arduino Micro clone (without reset button)

OLED display 0.96" SSD1306128x64 resolution
or Walles available

Buttons, speaker, knob, headers, reset btn, etc.

Printed Circuit Board (PCB) - Gerber files avail.

These items are available on eBay and Aliexpress.
Part cost to produce 10 is about $10/each.
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https://www.aliexpress.com/item/1PCS-New-Pro-Micro-ATmega32U4-5V-16MHz-Replace-ATmega328-Pro-Mini/32331099588.html
https://www.aliexpress.com/item/White-0-96-I2C-IIC-SPI-Serial-128X64-OLED-LCD-LED-Display-Module-for-Arduino/2030717388.html
https://www.aliexpress.com/item/20pcs-8x8x5MM-4PIN-G77-Conductive-Silicone-Soundless-Tactile-Tact-Push-Button-Micro-Switch-Self-reset-Sell/32736448713.html
https://www.aliexpress.com/item/White-0-96-I2C-IIC-SPI-Serial-128X64-OLED-LCD-LED-Display-Module-for-Arduino/2030717388.html
https://www.aliexpress.com/item/New-10PCS-A103-10K-Duplex-Gear-Potentiometer-Dial-16x2mm-for-Radio-MP3-MP4-Volume-Adjustment-Switch/32792099285.html
https://www.aliexpress.com/item/Free-Shipping-10PCS-40pin-2-54mm-pitch-single-row-11mm-row-female-connectors/1929060681.html
https://www.aliexpress.com/item/EziUsin-3-6-5-Side-Feet-2Pins-Touch-Button-Micro-Switch-ON-OFF-With-Positioning-column/32819574002.html

Assembly

1. Attach Arduino Pro Micro to back of printed
circuit board (PCB) with USB facing PRO _MICRO1
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Assembly

2. Attach plate to back using screws and lock nuts.
Make sure the screw reaches the plastic inside nut.

f
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Assembly T

3. Plug in USB cable. Close strain relief onto cable. =
Be careful with the fragile micro USB port.




Assembly

4. Plug in the screen horizontally. It can be
mounted vertically. Plugin only these two ways
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Programming
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Programming

Install Arduino Integrated Development
Environment (IDE)

Enable Verbose messages
Install Arduboy libraries, 1 and 2
Run example sketch, "Hello World”

Compile

Upload (Press Reset when you see PORTS..)
Change "Hello World" to your name then upload



https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Main/Software
https://github.com/Arduboy/Arduboy#installing-the-arduboy-library
https://github.com/MrBlinky/Arduboy/tree/master/board-support

Programming -"Hans

Install Arduino Integrated Development §
Environment (IDE)

https://www.arduino.cc/en/Main/Software
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https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Main/Software

3

Programming

Enable Verbose messages
File -> Preferences -> "Show verbose output
during: "
Check “compilation” and “upload”



Programming

Preferences

Settings | Network

Sketchbook location:

iC_:‘lﬂJsers‘l,Jesse‘l,DommentsWduino|

Editor language: §5ystem Default - l (requires restart of Arduino)
Editor font size: iz |
Interface scale: Automatic i 100 :_!% (requires restart of Arduino)

Show verbose output during: compilation upload

Compiler warnings: {_J;I;ane vj
Display line numbers
[7] Enable Code Folding
Verify code after upload
[] Use external editor
I Aggressively cache compiled core
Check for updates on startup
Update sketch files to new extension on save {.pde -= .ino)

| Save when verifying or uploading

32 | additional Boards Manager |JRLs: imubusermngﬁt.mm,.’MrB-Iihﬁ}:ﬁ.rduboﬁmaster;'board—supportfpad&age_arduboy_variants_in_dg_.i;m

P T TR ' DI TP YT A T R -




Programming _smEmm

Install Arduboy libraries, =

https://github.com/Arduboy/Arduboyitinstalling
-the-arduboy-library

https://github.com/MrBlinky/Arduboy/tree/ma
ster/board-support ®  “EEm



https://github.com/Arduboy/Arduboy#installing-the-arduboy-library
https://github.com/Arduboy/Arduboy#installing-the-arduboy-library
https://github.com/MrBlinky/Arduboy/tree/master/board-support
https://github.com/MrBlinky/Arduboy/tree/master/board-support

Try out this
example

File -> Examples ->

Arduboy?2 ->
HelloWorld

Press Reset or
34 Change COM Port

melloWorla | Arduing 1.5.2

Eile Edit Sketch Tools Help

[

oL

o

HelloWarld

4 #include "Arduboy.h"

// make an instance of arduboy used for many functions
Arduboy arduboy;

/f This function runa once in your game.
/f use it for anything that needs to be set only once in your game.
void setup() {

// initiate arduboy instance

arduboy.begin() »

// here we set the framerate to 15, we do not need to run at
// default 60 and it saves us battery life
arduboy.:ae e(15);

/ our main game loop, this runs once every cycle/frame.
/f this is where our game logic goes.
void loop() {
// pause render until it's time for the next frame
if (! ({arduboy.nex =()))
return;

o oo

// first we clear our acreen to black
arduboy.c {:

/f we set our cursor 5 pixels to the right and 10 down from the top
// (positions start at 0, 0)

arduboy.setCursor (4, 9);

// then we print to screen what is in the Quotation marks ™"
arduboy.print (F{"Hello, world!™));

arduboy.display():

// then we finaly we tell the arduboy to display what we just wrote to the display

n




Fxample Programs

Hello, world!

©Q scaled_rects (=[S

Hello, world!l




Edit this example

Change Line 47 to say
"Hello, [your name]!”

Press Reset or
36 Change COM Port

melloWorla | Arduing 1.5.2

Eile Edit Sketch Tools Help

[

oL

o

HelloWarld

4 #include "Arduboy.h"

// make an instance of arduboy used for many functions
Arduboy arduboy;

/f This function runa once in your game.
/f use it for anything that needs to be set only once in your game.
void setup() {

// initiate arduboy instance

arduboy.begin() »

// here we set the framerate to 15, we do not need to run at
// default 60 and it saves us battery life
arduboy.:ae e(15);

/ our main game loop, this runs once every cycle/frame.
/f this is where our game logic goes.
void loop() {
// pause render until it's time for the next frame
if (! ({arduboy.nex =()))
return;

o oo

// first we clear our acreen to black
arduboy.c {:

/f we set our cursor 5 pixels to the right and 10 down from the top
// (positions start at 0, 0)

arduboy.setCursor (4, 9);

// then we print to screen what is in the Quotation marks ™"
arduboy.print (F{"Hello, world!™));

arduboy.display():

// then we finaly we tell the arduboy to display what we just wrote to the display

n
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Fxample Programs

Hello, [your name]!
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Try out this
example

File -> Examples ->
Arduboy?2 ->
PlayTune

Turn up volume using
volume wheel

Press Reset or
Change COM Port

melloWorla | Arduing 1.5.2

Eile Edit Sketch Tools Help

HelloWarld
14 #include "Ardubcy.h”

16 // make an instance of arduboy used for many functions
17 |Arduboy arduboy;

/f This function runa once in your game.
1 /7 use it for anything that needs to be set only once in your game.
roid setup() {
// initiate arduboy instance
4 arduboy.begin() »

// here we set the framerate to 15, we do not need to run at
// default 60 and it saves us battery life
arduboy.zsetFrameRate (15) 7

/f our main game loop, this runs once every cycle/frame.
/ this is where our game logic goes.
roid loop() {
// pause render until it's time for the next frame
if (! ({arduboy.nextFrame(}))
return;

// first we clear our acreen to black
arduboy.clear() s

42 /f we set our cursor 5 pixels to the right and 10 down from the top
43 // (positions start at 0, 0)

44 arduboy.setCursor (4, 9);

46 // then we print to screen what is in the Quotation marks ™"

a7 arduboy.print (F ("Helle, world!™)):

50 arduboy.display():

43 // then we finaly we tell the arduboy to display what we just wrote to the display

n

Arduboy, Arduboy production on COMSS




39

Fxample Programs

Music Demo. Mute (A), Unmute (B)

© scaled_rects
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Try out this
example

File -> Examples ->
Arduboy?2 -> Buttons

Press Reset or
40 Change COM Port

melloWorla | Arduing 1.5.2

Eile Edit Sketch Tools Help

[

oL

o

HelloWarld

4 #include "Arduboy.h"

// make an instance of arduboy used for many functions
Arduboy arduboy;

/f This function runa once in your game.
/f use it for anything that needs to be set only once in your game.
void setup() {

// initiate arduboy instance

arduboy.begin() »

// here we set the framerate to 15, we do not need to run at
// default 60 and it saves us battery life
arduboy.:ae e(15);

/ our main game loop, this runs once every cycle/frame.
/f this is where our game logic goes.
void loop() {
// pause render until it's time for the next frame
if (! ({arduboy.nex =()))
return;

o oo

// first we clear our acreen to black
arduboy.c {:

/f we set our cursor 5 pixels to the right and 10 down from the top
// (positions start at 0, 0)

arduboy.setCursor (4, 9);

// then we print to screen what is in the Quotation marks ™"
arduboy.print (F{"Hello, world!™));

arduboy.display():

// then we finaly we tell the arduboy to display what we just wrote to the display

n




Fxample Programs

Press Buttons Demo

© scaled_rects
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Arduboy Manager

For PC

Load games from
library. Screen
Mirroring. Upload
.arduboy file or .hex

file.

Download

© Arduboy Manager - No Arduboy Found

Fle Repo Tool Options Help W @crait
s .
"@%%dce BurgardTime

PixelPlatforms

CastleBoy
Wy ZC++ @ZappedCow, @Increment

Sindits  Chicken Launcher
crait

Lircuit Gircyit Dude

(- Dude
E-ﬂ@ crait

M CowBro
o -4
GERD

* Crates 3D

, Brian Smith, Badja
=PV

» Arduboy Assistant 11

crait http-fiwww crait net/
Genre: Application

Arduboy Assistant allows you to view raw EEPROM data, back it up through
the Arduino IDE's serial monitor, restore EEPROM data the same way, and
even clear the entirety of the EEPROM data. Additionally, you can also test

buttons, LED's, speaker, serial port, and screen.

Controls

Up: MenuUp
Down: Menu Down
A Select

B: Back

Credits
Author: crait
Code: crait
Idea: crait

42



https://community.arduboy.com/t/arduboy-manager-2-0-released/2809
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Arduboy Mate:

Load games and
power from Android
Requires USB
On-the-Go cable
Micro
Type C
Free appin
Google Play Store

. o
Bfflco0OMO 300 © "d @ 3:32
Arduboy ManagerRepo w1

CHICKEN
LAUNCHER

(VYY) =

Chicken Launcher

b4 ®

Circuit Dude

@crait



https://www.aliexpress.com/item/Hot-Sale-Mini-USB-2-0-Micro-USB-OTG-Electronic-Charger-Converter-Adapter-Cellphone-TO-US/32798613324.html
https://www.aliexpress.com/item/Rocketek-USB-OTG-Type-C-Adapter-USB-2-0-Converter-Function-Zinc-alloy-Type-C-for/32826160686.html
https://play.google.com/store/apps/details?id=de.mockfrog.arduboymate&hl=en
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Upload HEX Files

HEX files are pre-compiled games that you can
upload without using the Arduino IDE

Requires Python 2.7 and PySerial

Drag .HEX file to upload.py
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Upload HEX Files

B

@Qv@| 1y < Local Disk (C:) » Users b Jesse » Desktop » arduboy clone » HEXUploader » > |+ | Search HEX Uploader }Jl
I E 3

File Edit View Tools Help

ol Pr-4LO0XV 2@

ca Mew Volume (H:)

s Files ()

s wd black (J:)

¥ nzbscan (W1W10.0.0.111) (N:)
¥ downloads (\110.0.0111) (U:)
58 htdacs (W10.00.111) (¥

?‘! Metwork
18 BRUCE-PC
1M JESSE-PC
M LoIs-PC
% WEBSERVER

] & items
|

m

Organize » Include in library « Share with « Mew folder B~ @
t= MName Date modified Type Size
18 Computer
o pyserial 11/13/201710:59 ... File folder
&, Local Disk (C:) : )
|| avrdude.conf 11/3/2017 6:11 PM CONF File 471 KB
a Local Disk (D:) i A
=7 avrdude.exe 11/3/2017 6:11 PM Application 513 KB
—a Mew Volume (E) 5
1% libusb0.dll 1/17/2017 6:00 AM Application extens... 67 KB
(—a Local Disk (F:) .
| readme.md 11/3/2017 6:11 PM MD File 2KB
a schoolwork (G:)
[# uploader.py 11/3/20176:11 PM  Python File 3KB
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“\HEX Uploader\uploader.py”
“\Games\tiny_asteroids\test.hex"

Upload HEX Files

> [Path to python2.7] [Path to upload.py] [path to
HEX file]

> C:\Python27\python.exe



Upload HEX Files

BN Administrator C\Windows\system32\omd exe

[11%

=

=

=
= =

=

(=] oy o
o e LR LR !

47
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Upload HEX Files

-

=N

BN Administrator C\Windows\system32\omd exe

safemode: hfuse reads as D8 -
safemode: efuse reads as CB
reading input file "C:xUserssJessexDesktoprarduboy clonesGames“tiny
asteroidsstest . hex"
avrdude .exe: writing flaszh (16254 bytes>:

Uriting | HEdHSEEHEGHEEESHHEEEHEHEEEEHH B HES R E BB HEEE | 1802 1. 66s

avrdude .exe: 16254 hytes of flash written

avrdude..exe: verifying flash memory against GC:sUserssJessesDesktopsarduboy clone
~Gamesstiny_asteroidsstest.hex:

avrdude.exe: load data flash data from input file C:xUsersiJessewDesktopharduboyfls
clone~Games>xtiny_asteroidsstest. hex:

avrdude.exe: input file C:slUserssJessesDesktoprarduboy clonexGamesstiny_asterodid
c“test_hex contains 16254 bytes

avrdude _exe: reading on—chip flash data:

Reading | BUESHEHEHEHELHEHEERHEEEHEGE B HRER ST EH R EREE | 188 B.65s

verifuving ...
16254 hytes of flash verified

safemode: hfuse reads as D8
zafemode: efuse reads as CB
zafemode: Fuszses OK (E:CB, H:DE&, L:FF>

Thank you.

G:xlzserswJessesDesktopsarduboy clone~HEX Uploader> i




Fxample Programs SH

Matrix animation with midi music o
Bouncing balls demo
Tetris clone with midi music

49
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Fxample Programs

Bouncing Balls Demo

[:%l_:il']

Ball' Count: 11CPU: 143
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Fxample Programs
Tetris

Y
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Programming game cheats

Look through program for variables related to
lives and/or health. You can increase them to
make the game difficult easier.

Show example, CastleBoy



&

Play Games
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Game Collections

Download ZIP file with games/utilities
http://www.]bcse.com/downloads/arduboy/

Other game download links:
https://community.arduboy.com/c/games
http://arduboy.ried.cl/
http://blog.livedoor.p/cobinee/search?g=ar

duboy
https://github.com/eried/ArduboyCollection



http://www.jbcse.com/downloads/arduboy/
https://community.arduboy.com/c/games
http://arduboy.ried.cl/
http://blog.livedoor.jp/cobinee/search?q=arduboy
http://blog.livedoor.jp/cobinee/search?q=arduboy
https://github.com/eried/ArduboyCollection
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Game List

Choose a game from the Games folder
Open .INO file using Arduino and upload
Press "Reset” when "PORTS ..." shows in
Arduino Console
All files must be in a folder with the same
name as the .INO file.
Ex: /jetpack/jetpack.ino



Emulator

Use arrow keys, x key,
and z key

Hover on areas with
pointer cursor to find
hidden functions




Web-based Emulator

Play games from list:
https://felipemanga.github.io/ProjectABE/

Program your own from web page:
https://felipemanga.github.io/ProjectABE/?
url=new

Upload HEX file from web:
https://felipemanga.github.io/ProjectABE/?
url=http://www.jbcse.com/downloads/tris.h

58 ex


https://felipemanga.github.io/ProjectABE/
https://felipemanga.github.io/ProjectABE/?url=new
https://felipemanga.github.io/ProjectABE/?url=new
https://felipemanga.github.io/ProjectABE/?url=http://www.jbcse.com/downloads/tris.hex
https://felipemanga.github.io/ProjectABE/?url=http://www.jbcse.com/downloads/tris.hex
https://felipemanga.github.io/ProjectABE/?url=http://www.jbcse.com/downloads/tris.hex
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Screen Mirroring

It's possible to send the
video display to a
computer over Serial (via
USB).

128x64 = 8192 bits
Each charis O to 255
1024 8-bit bytes hold
8192 bits




Screen Mirroring

Add Serial.begin(9600); to

the end of
void setup()X

érial.begin(9600);
};

Add

Serial.write(
arduboy.getBuffer(),

128*64/8
); N

before every
arduboy.display(); call




Upgrades - Screens _=mtEm
N EEER
1.3" 128x64 OLED screen (SH1106) o

1.54" 128x64 OLED screen (SSD1309)
2.4" 128x64 OLED screen (SSD1309)



https://aliexpress.com/item/1PCS-1-3-OLED-module-white-color-SPI-128X64-1-3-inch-OLED-LCD-LED-Display/32681602908.html
https://aliexpress.com/item/Hot-selling-1-54-inch-White-OLED-Display-Module-128x64-SPI-IIC-I2C-Interface-OLED-Screen/32819706381.html
https://www.ebay.com/itm/2-42-128X64-OLED-LCD-Display-12864-IIC-I2C-SPI-Serial-Module-for-Arduino-Hot-HB/222577574111

62

Upgrades - USB Power Banks

Search on eBay.com or AliExpress.com
Examples:
Single 18650
Double 18650
Universal 5V 9V 12V 6 x 18650



https://www.aliexpress.com/item/1-PC-DIY-USB-1-x-18650-Mobile-Power-Bank-Case-Charger-Pack-Box-Battery-Portable/32787872828.html
https://www.aliexpress.com/item/5V-1A-2-x-18650-Battery-Power-Bank-Case-With-LED-DIY-Box-Charger-For-Cell/32802107492.html
https://www.aliexpress.com/item/Universal-5V-9V-12V-6-x-18650-Dual-USB-Portable-External-Power-Bank-Battery-Charger-Box/32242946314.html

Modifications

Check out the Arduboy Forums



https://community.arduboy.com/

64

THANKS!

Any questions?

You can find me at:

(@ www.jbcse.com

Presentation URL: http://goo.gl/jFK3vv
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CREDITS SEesas

Special thanks to all the people who made and =
released these awesome resources for free:

Presentation template by SlidesCarnival
Photographs by Unsplash



http://www.slidescarnival.com/
http://unsplash.com/
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PRESENTATION DESIGN SEesas

This presentation uses the following typographies and colors: EEE

Titles: Dosis |
Body copy: Titillium Web

You can download the fonts on these pages:
http://www.impallari.com/dosis
http://www.campivisivi.net/titillium/

Pastel green - Green #80bfb7 - Teal #0b87a1 - Navy #01597f - Dark navy #003b55 ENEEE
| EEEN

You don't need to keep this slide in your presentation. It's only here to serve you as a design guide if you need to u EEEEE
create new slides or download the fonts to edit the presentation in PowerPoint® EEER


http://www.impallari.com/dosis
http://www.campivisivi.net/titillium/

IN TWO OR THREE COLUMNS

Yellow

Is the color of gold,
butter and ripe lemons.
In the spectrum of
visible light, yellow is
found between green

and orange.

Blue

s the colour of the
clear sky and the deep
sea. It is located
between violet and
green on the optical
spectrum.

Red

|s the color of blood,
and because of this it
has historically been
associated with
sacrifice, danger and
courage.
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USE CHARTS TO EXPLAIN YOUR IDEAS

White ( Gray ‘



69

AND TABLES TO COMPARE DATA

Yellow

10 20 7
30 15 10
Orange 5 24 16
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89,026,124 &

Whoa! That's a big number, aren't you proud?
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39,020,124

That's a lot of money

And a |lot of users

Total success!
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LET'S REVIEW SOME CONCEPTS SEesas

Yellow

Is the color of gold, butter and
ripe lemons. In the spectrum of
visible light, yellow is found
between green and orange.

Yellow

Is the color of gold, butter and
ripe lemons. In the spectrum of
visible light, yellow is found
between green and orange.

Blue

Is the colour of the clear sky
and the deep sea. It is located
between violet and green on
the optical spectrum.

Blue

Is the colour of the clear sky
and the deep sea. It is located
between violet and green on
the optical spectrum.
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Red ® mEEE

Is the color of blood, and 11

L FTEHER

because of this it has H EEE

historically been associated ] | EEEE

with sacrifice, danger and - =====

courage. SEEEE
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Red EEEE

Is the color of blood, and O .====

because of this it has EEE

historically been associated » EEEER

with sacrifice, danger and | .===II
courage.
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You can insert graphs from Google Sheets EEEE



http://www.google.com/sheets/about/

75

ANDROID
PROJECT

Show and explain your
web, app or software
projects using these
gadget templates.
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IPHONE
PROJECT

Show and explain your
web, app or software
projects using these
gadget templates.
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TABLET
PROJECT

Show and explain your
web, app or software
projects using these
gadget templates.
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DESKTOP
PROJECT

Show and explain your
web, app or software
projects using these
gadget templates.




[CSECNCNS) a
_ — o oo SlidesCarnival icons are editable
— O -I shapes.

This means that you can

N N . :
° Resize them without
EEmevexo@t
° Change fill color and

opacity.

s X al‘ ® w @ @ -.1|» g

Isn't that nice?:)

p

@DLJ|T|©©\¢'¢'¢EW & O

SETrYTE6mlrmP Y

weadlliriOoO=Xd@
W

s \ f s 9
ok B Y X B
79

A



Now you can use any emoji as an icon!
And of course it resizes without losing quality and you can change the color.

How? Follow Google instructions
https://twitter.com/googledocs/status/730087240156643328

NAVE Y R-N-RA LR R o 4
YN N~ Rl L= ARCHCE JE RN N
€y @ l‘.ﬁ mﬁand many more... :EEE


https://twitter.com/googledocs/status/730087240156643328
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Click on the button under the presentation Click on the button under the presentation NAEEn
preview that says "Use as Google Slides preview that says "Download as PowerPoint e 11
Theme". template”. You will get a .pptx file that you can =T ..===
You will get a copy of this document on your editin PowerPoint. fAEEEE
Google Drive and will be able to edit, add or Remember to download and install the fonts o =====
delete slides. used in this presentation (you'll find the links to ® FEEE
You have to be signed in to your Google t?s f;)nt files needed in the Presentation design ll====
account. 2ldE ErEEE
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More info on how to use this template at www.slidescarnival.com/help-use-presentation-template
P N EEEEE
This template is free to use under Creative Commons Attribution license. You can keep the Credits slide EEEEm
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or mention SlidesCarnival and other resources used in a slide footer. ¥ EEE
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http://www.slidescarnival.com/help-use-presentation-template
http://creativecommons.org/licenses/by/4.0/

Quotations are commonly " EmzEmazEEs
printed as a means of ", I3 SECRECC o
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Options

White OLED Screen

Is the color of milk and fresh
snow, the color produced by the
combination of all the colors of
the visible spectrum.

Blue OLED Screen

s the color of coal, ebony, and
of outer space. It is the darkest
color, the result of the absence
of or complete absorption of
light.



