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& MIT Licence
Copyright ©2026 Warren George

Permission is hereby granted, free of charge, to any person obtaining a copy of this
software and associated documentation files (the “"Software”), to deal in the Software
without restriction, including without limitation the rights to use, copy, modify, merge,
publish, distribute, sublicense, and/or sell copies of the Software, and to permit persons
to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or
substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS
OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NON-INFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

Brief summary:

Permissions (what you can do)
Commercial use
Modification
Distribution

Private use

Limitations (what is not covered)

Liability
Warranty
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@ Workbook #13 Quick Content Summary

This is where you can have some fun with a range of applications. The first unit is
making 3D more 3D, and by that I mean with 3D glasses. You will need some for that
unit; they are very inexpensive. You can get cardboard or plastic frame ones, but what
you do need are the type that have red and blue lenses.

The second unit is about using a new feature available in version 2.x in p5.js, where
you can do some interesting stuff with text, both 2D and 3D. For that, you will need to
download a font that can be used in this fashion.

The final units are where you play with AL Not generative AI such as with Large
Language Models or Diffusion models, but with pretrained models that you can use in
your browser, which pick up features of your hand or face. Most of the pre-trained
will be explored in workbook #14, but in this workbook there is an introduction to
building your own model.

If you are really interested in this wonderful topic, then I have a series available (on
my website) for you.
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#& Module G Unit #1 3D glasses

o

For this unif, we will need a pair of 3D glasses. They are very cheap to buy online and
usually come in packs of ten (if you need that many). They have a red lens (LEFT) and
a blue lens (RIGHT); that is the sort you will need for this unit. The frames can be
made of card, but I recommend getting the plastic frames as they are more robust and
work well.
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#& Sketch G1.1 index.html file

You may well have gone to see films like Avatar in 3D, where the images leapt out at
you. We can do the same with p5.js and 3D shapes. You are not going to create an
Avatar-quality scene, but you can at least have fun seeing the 3D shapes come to life.
To create a 3D image in the sense of it jumping out of the screen, we can tfake a little
shortcut by using a library that someone has very kindly created to do all the donkey
work.

We will need to use a library for this unit called p5.anaglyph, and it needs to go in the
index.html file. The script is as follows:

<script src="https://cdn.jsdelivr.net/gh/jdeboi/p5.anaglyph@main/
dist/p5.anaglyph.min.js"></script>

You add it the usual way through the index.html file.

<IDOCTYPE html>
<html lang="en"><head>
<script src="https://cdn.jsdelivr.net/npm/p5@2.3.2/1ib/p5.js"></script>

<script src="https://cdn.jsdelivr.net/gh/jdeboi/p5.anaglyph@main/dist/
p5.anaglyph.min.js"></script>

<link rel="stylesheet" type="text/css" href="style.css">
<meta charset="utf-8">

</head>

<body>
<main>
</main>
<script src="sketch.js"></script>

</body></html>

Notes
Just add it in the usual way.
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& Sketch G1.2 a box
Starting sketch, to get things rolling, we create a simple, rotating, 3D box.

let angle = 0

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()

{
background(51)
stroke('yellow')
noFill()
strokeWeight(2)
rotateX(angle)
rotateY(angle)
rotateZ(angle)
box(200)

angle += 0.01

Notes
We have a lovely rotating box. Not properly 3D enough yeft.
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Figure Gl1.2
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Console

ilew Editwv Sketchw Helpwv Englishw

. Auto-refresh Algorithmic Art /'

sketch.js Saved: 35 seconds ago

let angle = @

function setup()
{

createCanvas(400, 400, WEBGL)
3

function draw()

{
background(51)
stroke('yellow')
noFill()
strokeWeight(2)
rotateX(angle)
rotateY(angle)
rotatez(angle/2)
box(200)
angle += 0.01

hY

Clear Vv

Preview

AA workbook 13

10 of 122

www.elegantAlorg


http://www.elegantAI.org

i

# Sketch G1.3 the anaglyph

Adding the Anaglyph library fo the sketch.

let angle = 0
let anaglyph

function setup()

{

createCanvas (400, 400, WEBGL)
anaglyph = createAnaglyph(this)

function draw()

{
background(51)
stroke('yellow')
noFill()
strokeWeight(2)
rotateX(angle)
rotateY(angle)
rotatez(angle)
box (200)

angle += 0.01

Notes
Nothing changes yet.

Code Explanation

anaglyph = createAnaglyph(this)

AA workbook 13
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;'é} Sketch G1.4 the scene

We need to create a separate function that will take in all the values we have
currently. This will be what we call our scene. The scene will hold the 3D effect for

when we use the 3D glasses.

We need to create another function to handle the new scene, which will inherit all the
features of the anaglyph library. We cannot do this in draw alone. Here we need to
identify the new scene as we draw the cube in its new guise. We can use any name

(within reason), but I plumbed for graphic.

I Notice we have transferred nearly all the code from draw() into this new function.

Now it is time fo put on your 3D glasses.

let angle = 0
let anaglyph

function setup()

{
createCanvas (400, 400, WEBGL)
anaglyph = createAnaglyph(this)

function draw()
{
anaglyph.draw(scene)

angle += 0.01

function scene(graphic)

{
graphic.background(51)
graphic.stroke('yellow')
graphic.noFill()
graphic.strokeWeight(2)
graphic.rotateX(angle)
graphic.rotateY(angle)
graphic.rotateZ(angle)
graphic.box(200)
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Notes

As you don your glasses, you will see the cube spring into life. You could include the
angle being incremented in the scene() function, but it seems to spin twice as fast, so

I have left it in the draw() function.

Challenges

1. Try other shapes.

2. How would you have more than one box?

Figure Gl.4

m File v Edit v Sketch v Helpv English v
° . Auto-refresh Algorithmic Art /
>

sketch,js® Saved: 2 days ago

let angle = 0
let anaglyph

function setup()
{
createCanvas(400, 400, WEBGL)
anaglyph = createAnaglyph(this)
}

0 N U A WN =

w

10 function draw()

1v{

12 anaglyph.draw(scene)

13 angle += 0.01

14 %}

15

16 function scene(graphic)
17

18 graphic.background(51)
19 graphic.stroke('yellow')
20 graphic.noFill()

21 graphic.strokeWeight(2)

Console

Clear VvV

Preview
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# Sketch G1.5 a tunnel
! This is our starting sketch.

We are going to create a tunnel using the anaglyph effect. This will use 2D shapes to
create a 3D effect, but all will be revealed. We want a square with the dimension as a
variable, boxWidth. This allows us to play with different values, but this is key anyway
as we will be moving forwards over time.

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()

{
const boxWidth = 200
background(51)
rectMode (CENTER)
noFill()
strokeWeight(3)
stroke(255)
rect(@, @0, boxwWidth)

Notes

Using white for the lines just has a better effect later on. The datatype const means
it cannot be changed, it is fixed, a sort of non-variable variable.
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Figure G1.5

E File v Editv Sketch v Helpwv Englishwv
° . Auto-refresh Algorithmic Art /
>

sketch.js Saved: just now

1 function setup()

2v|{

3 createCanvas(400, 400, WEBGL)
4 '}

5

6 function draw()

7v/{

8 const boxWidth = 200

9 background(51)

10 rectMode (CENTER)
11 noFill()

12 strokeWeight(3)
13 stroke(255)

14 rect(@, 0, boxWidth)
15 |}

16

17

18

19

20

21

Console

Clear VvV

Preview
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# Sketch G1.6 pushing it back

We want to push the square further back. We translate the square using all three
elements: the X, y, and z components. This makes the square seem smaller.

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()

{
const boxWidth = 200
background(51)
rectMode (CENTER)
noFill()
strokeWeight(3)
stroke(255)
let depthz = -800
translate(0, 0, depthz)
rect(o, @, boxwidth)

Notes

The same-size square just further away in the z direction, hence the variable depthz.
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Figure Gl.6

m File v Edit v Sketch v Helpwv Englishw
° . Auto-refresh Algorithmic Art /
> sketch.js Saved: just now Preview
1 function setup()
2v/{
3 createCanvas(400, 400, WEBGL)
4 3
5
6 function draw()
7v/{
8 const boxWidth = 200
9 background(51)
10 rectMode (CENTER)
1 noFill()
12 strokeWeight(3)
13 stroke(255)
14 let depthz = -800
15 translate(@, @, depthz)
16 rect(@, @, boxWidth)
17 %
18
19
20
21
Console Clear WV
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# Sketch G1.7 parallel lines

We will be moving the square forwards shortly, but for the moment, we want to create
the effect of a cube. So, we want the parallel lines that the square will follow. These
are two squares. Think of them as where the walls meet the ceiling.

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()

{
const boxWidth = 200
background(51)
rectMode (CENTER)
noFill()
strokeWeight(3)
stroke(255)
let depthz = -800
translate(@, 0, depthz)
rect(@, @0, boxwWidth)
rect(0, 0, boxwidth, 1600)
rect(@, @0, boxWidth, 1600)

Notes
This looks very uninspiring. All will become clear, honestly.
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Figure G1.7

m File v Edit v Sketch v Helpwv Englishw

° . Auto-refresh Algorithmic Art /2
> sketch.js Saved: 15 seconds ago Preview
1 function setup()
2v|/{
3 createCanvas(400, 400, WEBGL)
4 '}
5
6 function draw()
7v/{
8 const boxWidth = 200
9 background(51)
10 rectMode (CENTER)
11 noFill()
12 strokeWeight(3)
13 stroke(255)
14 let depthz = -800
15 translate(@, @, depthz)
16 rect(@, 0, boxWidth)
17 rect(0, 0, boxWidth, 1600)
18 rect(@, @, boxWidth, 1600)
19 |2}
20
21
Console Clear WV
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#& Sketch G1.8 translation

i

We will translate these last two rectangles. We will also add in some push() and
pop() otherwise all the translations will be compounded. We want to keep them
separate for when we move the square.

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()

{
const boxWidth = 200
background(51)
rectMode (CENTER)
noFill()
strokeWeight(3)
stroke(255)
push()
let depthz = -800
translate(@, 0, depthz)
rect(@, @0, boxwWidth)
pop()
translate(0, 0, —-boxWidth/2)
rect(@, @0, boxWidth, 1600)
translate(@, @, boxWidth)
rect(0, 0, boxwidth, 1600)

Notes

Still looks unpromising!
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Figure G1.8

E File v Edit v Sketch v Helpwv English v

° . Auto-refresh Algorithmic Art /2
> sketch.js Saved: 25 seconds ago Preview
1 function setup()
2v/{
3 createCanvas(400, 400, WEBGL)
4 3
5
6 function draw()
7v{
8 const boxWidth = 200
9 background(51)
10 rectMode (CENTER)
11 noFill()
12 strokeWeight(3)
13 stroke(255)
14 push()
18 let depthz = -800
16 translate(@, @, depthz)
17 rect(@, 0, boxWidth)
18 pop()
19 translate(@, @, -boxWidth/2)
20 rect(@, 0, boxWidth, 1600)
21 translate(@, @, boxWidth)
Console Clear VvV
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#& Sketch G1.9 rotate

i

Now see what happens when we rotate the two rectangles.

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()

{
const boxWidth = 200
background(51)
rectMode (CENTER)
noFill()
strokeWeight(3)
stroke(255)
push()
let depthz = -800
translate(@, 0, depthz)
rect(@, @0, boxwWidth)
pop()
rotateX(PI / 2)
translate(@, 0, —-boxWidth/2)
rect(@, @0, boxWidth, 1600)
translate(@, 0, boxWidth)
rect(0, 0, boxwidth, 1600)

Notes

It now looks like the square has edges radiating out from it towards you. PI is the
value of 180° in degrees. It starts to make sense (at least to me it does).
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Figure G1.9

m File v Edit v Sketch v Helpwv Englishw

° . Auto-refresh Algorithmic Art /'
> sketch.js Saved: just now Preview
1 function setup()
2v|{
3 createCanvas(400, 400, WEBGL)
4 }
5
6 function draw()
7v/{
8 const boxWidth = 200
9 background(51)
10 rectMode (CENTER)
11 nofFill()
12 strokeWeight(3)
13 stroke(255)
14 push()
15 let depthz = -800
16 translate(@, @, depthz)
17 rect(@, @, boxWidth)
18 pop()
19 rotateX(PI / 2)
20 translate(@, @, -boxWidth/2)
21 rect(@, @, boxWidth, 1600)
Console Clear WV
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# Sketch G1.10 moving depth

This bit can get a little complicated. We want to move the square forwards. We have a
count to help advance the square incrementally.

let count = 0

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()

{
const boxWidth = 200
background(51)
rectMode (CENTER)
noFill()
strokeWeight(3)
stroke(255)
push()
let depthz = count - 800
translate(@, 0, depthz)
rect(@, 0, boxwWidth)
count += 2
pop()
rotateX(PI / 2)
translate(@, 0, —-boxWidth/2)
rect(@, @0, boxWidth, 1600)
translate(@, 0, boxWidth)
rect(0, 0, boxwidth, 1600)

Notes

You should see the square slowly moving towards you. We start with the count on zero
and the depth at —800, and the count increasing so that the depth eventually becomes
zero.

Challenge

Try some other values (other than 800) to see what is going on.
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Figure G1.10

m File v Edit v Sketch v Helpwv Englishw

° . Auto-refresh Algorithmic Art /
> sketch.js Saved: 25 seconds ago Preview
1 let count = @
2
3 function setup()
4v/{
5 createCanvas(400, 400, WEBGL)
6 2
7
8 function draw()
9v|{
10 const boxWidth = 200
1 background(51)
12 rectMode (CENTER)
13 noFill()
14 strokeWeight(3)
15 stroke(255)
16 push()
17 let depthz = count - 800
18 translate(@, 0, depthz)
19 rect(@, 0, boxWidth)
20 count += 2
21 pop()
Console Clear VvV
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# Sketch G1.11 lots of them

i

We want lots of squares all moving fogether, spaced out in intervals. We will create 30
squares. We will slow them down a little bit by changing the count. The distance
between the squares is 100, so each square is drawn 100 from the next one and then
moves them forward at a slow speed to 0.05.

let count = 0

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()
{
const boxWidth = 200
background(51)
rectMode (CENTER)
noFill()
strokeWeight(3)
stroke(255)
for (let z = 0; z < 30; z++)
{
push()
let depthz = z x 100 + count - 800
translate(0, 0, depthz)
rect(@, @, boxWidth)
count += 0.05
pop()
¥
rotateX(PI / 2)
translate(@, 0, —-boxWidth/2)
rect(@, @, boxWidth, 1600)
translate(@, 0, boxWidth)
rect(@, @0, boxWidth, 1600)
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Notes

This is great except for one tiny detail: we eventually run out of squares. We need to
find a way to keep drawing them continuously.

Figure Gl.11

ile v Editwv Sketchwv Helpwv Englishwv

° . Auto-refresh Algorithmic Art /
sketch.js Saved: 25 seconds ago Preview

1 let count =0

2

3 function setup()

4v/{

5 createCanvas(400, 400, WEBGL)

6 1}

7

8 function draw()

9v|{

10 const boxWidth = 200

11 background(51)

12 rectMode (CENTER)

13 noFill()

14 strokeWeight(3)

15 stroke(255)

16 for (let z = 0; z < 30; z++)

17 {

18 push()

19 let depthz = z * 100 + count - 800

20 translate(@, @, depthz)

21 rect(@, @, boxWidth)
Console Clear VvV
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#& Sketch G1.12 a continuation

i

The next step is to redraw them. To do that, we need to reset the count back to zero
once a certain number is reached. In this case, we will pick a number such as 2000
(because I know it works). Then subtract 800 to push it back to the right place.

let count = 0

function setup()

{
createCanvas (400, 400, WEBGL)

function draw()
{
const boxWidth = 200
background(51)
rectMode (CENTER)
noFill()
strokeWeight(3)
stroke(255)
for (let z = 0; z < 30; z++)
{
push()
let depthz = ((z * 100 + count) % 2000) — 800
translate(0, 0, depthz)
rect(0, 0, boxWidth)
count += 0.05
pop ()
b
rotateX(PI / 2)
translate(@, 0, —-boxWidth/2)
rect(@, @0, boxWidth, 1600)
translate(0, 0, boxWidth)
rect(0, 0, boxwidth, 1600)

Notes

You now have a continuous tunnel. But it is not 3D yet.
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Figure Gl.12

m File v Edit v Sketch v Helpwv Englishwv
° . Auto-refresh Algorithmic Art #

sketch.js Saved: 15 seconds ago Preview

let count = @

function setup()

{
createCanvas(400, 400, WEBGL)

}

unction draw()

{

10 const boxWidth = 200

1 background(51)

12 rectMode (CENTER)

13 nofFill()

14 strokeWeight(3)

15 stroke(255)

16 for (let z = @; z < 30; z++)

W o NOUTDA WN =

17 {
18 push()
19 let depthz = ((z * 100 + count) % 2000) - 800
20 translate(@, @, depthz)
21 rect(@, 0, boxWidth)
Console Clear VvV

AA workbook 13 29 of 122 www.elegantAl.org


http://www.elegantAI.org

#& Sketch G1.13 adding 3D

i

We introduce the anaglyph bits and pieces.

! What I suggest is copying the entire draw() function, create the scene() function
and pasting it all into the scene() function. Then you can start to add in the
graphics prefix where necessary.

let count = 0

let anaglyph

function setup()

{
createCanvas (400, 400, WEBGL)
anaglyph = createAnaglyph(this)

function draw()

{

anaglyph.draw(scene)

function scene(graphics)
{
const boxWidth = 200
graphics.background(51)
graphics.rectMode(CENTER)
graphics.noFill()
graphics.strokewWeight(3)
graphics.stroke(255)
for (let z = 0; z < 30; z++)
{
graphics.push()
let depthz = ((z x 100 + count) % 2000) - 800
graphics.translate(@, @, depthz)
graphics.rect(@, @, boxWidth)
count += 0.05
graphics.pop()
¥
graphics.rotateX(PI / 2)
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graphics.translate(@, @, —boxWidth/2)
graphics.rect(@, @0, boxWidth, 1600)
graphics.translate(@, @, boxWidth)
graphics.rect(@, 0, boxwidth, 1600)

Notes

This is just an example to play with. There are lots of elements to this which you could
transfer onto some other project. Using white lines, stroke(255) for better effect.

Challenge

Could you do the same thing with a triangle?

Figure G1.13

m File v Edit v Sketch v Helpv English v
° . Auto-refresh Algorithmic Art /'
>

sketch.js Saved: 1 minute ago Preview

let count = @
let anaglyph

function setup()
{
createCanvas(400, 400, WEBGL)
anaglyph = createAnaglyph(this)
}

00 ~NOU A WN =

w

10 function draw()

11V {

12 anaglyph.draw(scene)

13 %}

14

15 function scene(graphics)
16

17 const boxWidth = 200

18 graphics.background(51)
19 graphics. rectMode(CENTER)
20 graphics.noFill()

21 graphics.strokeWeight(3)

Console Clear Vv
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#& Using 3D text

We need to use a special kind of text file. We cant use just ordinary text with WEBGL.

Go to the link below (I should have the link available on the website page). Download it
and check where it is downloaded to:

https://github.com/jdeboi/p5.anaglyph/blob/main/examples/
instance_mode/assets/AdobeClean-Light.otf

Download the file by clicking on the download button on the far right-hand side.

Figure 2: font download on GitHub

p5.anaglyph /| examples | instance_mode |/ assets /| AdobeClean-Light.otf

. jdeboi instance mode working? 6f46e63 - 3 years ago Y History

Code Blame 241 KB Raw O & 2 ~

View raw

Upload the text file and add it to the list of files in the usual way. You can change the
name if you wish but keep the .otf suffix.

Figure 3: uploaded fo the sketch

m File v Edit v Sketch v Helpwv Englishw
° . Auto-refresh Algorithmic Art /

Sketch Files AL £ sketch.js Saved: 15 seconds ago Pre

@ AdobeClean-Light.otf
B index.html
JS sketch. js v

B style.css
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https://github.com/jdeboi/p5.anaglyph/blob/main/examples/instance_mode/assets/AdobeClean-Light.otf
https://github.com/jdeboi/p5.anaglyph/blob/main/examples/instance_mode/assets/AdobeClean-Light.otf

# Sketch G1.14 starting text

! This is our starting sketch.

function setup()

{
createCanvas (400, 400)

function draw()
{
background(51)
fill(255)
textSize(50)
text('ElegantAI', width/4, height/2)

Notes

This gives us a bog-standard text on canvas.

Figure Gl.14

m File v Edit v Sketch v Helpwv English v
° - Auto-refresh Algorithmic Art / (%)
>

sketchjs® Saved: 4 minutes ago Preview

function setup()
{

createCanvas(400, 400)
3

function draw()

{

background(51)

)| S ElegantAl
10 textSize(50)

1 text('ElegantAI', width/4, height/2)
12 '}

13

14

15

16

17

18

19

20

21

Console Clear VvV

1
2
3]
4
5|
6
7
8
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&& Sketch G1.15 the font

We can change the font. To upload it before we start using if, we need to use
asynchronous and await. Make sure the name in the loadFont() function matches the
exact name of the font file.

let font

async function setup()
{
createCanvas (400, 400)
font = await loadFont('AdobeClean-Light.otf')

function draw()
{
background(51)
fill(255)
textSize(50)
textFont(font)
text('ElegantAI', width/4, height/2)

Notes

The font looks very similar. We need this extension to be able to use WEBGL and
therefore anaglyph.

Challenge
You could try downloading a more interesting font off the internef, but they must
be .otf or .ttf format.
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Figure Gl.15

E File v Edit v Sketch v Helpw English v
° . Auto-refresh Algorithmic Art #*
>

sketch.js® Saved: 10 minutes ago

1 let font

2

3 async function setup()

4v{

5 createCanvas(400, 400)

6 font = await loadFont('AdobeClean-Light.otf')
703

8

9 function draw()

107 {

1 background(51)
12 fi11(255)

13 textSize(50)
14 textFont(font)
15 text('ElegantAl', width/4, height/2)
16 1}

17

18

19

20

21

Console

Clear Vv

Preview

ElegantAl
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# Sketch G1.16 WEBGL

Add the WEBGL and we can now make it rotate about an axis.

let font
let angle = 0

async function setup()
{
createCanvas (400, 400, WEBGL)
font = await loadFont('AdobeClean-Light.otf"')

function draw()

{
background(51)
fill(255)
textSize(50)
textFont(font)
rotateY(angle)
text('ElegantAIl', 0, 0)
angle += 0.01

Notes

The text should be rotating slowly. Remember that we set the co-ordinates to 0, 0.

Challenge

Can you rotate it about the centre of the text?
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Figure Gl.16

E File v Editv Sketch v Helpv Englishwv
° . Auto-refresh Algorithmic Art /
>

sketch.js® Saved: 16 minutes ago

1 let font

2 let angle = 0@

3

4 async function setup()

5v/{

6 createCanvas(400, 400, WEBGL)
7 font = await loadFont('AdobeClean-Light.otf"')
8 }

9

10 function draw()

11V {

12 background(51)

13 £111(255)

14 textSize(50)

15 textFont(font)

16 rotateY(angle)

17 text('ElegantAI', @, 0)
18 angle += 0.01

Preview

19 3
20
21
Console Clear Vv
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#& Sketch G1.17 the anaglyph

i

Quite a bit of refactoring, as you might imagine, and then put on your 3D glasses. We
are also going to rotate it around the centre of the text.

let font
let angle = 0@
let ananglyph

async function setup()

{
createCanvas (400, 400, WEBGL)
font = await loadFont('AdobeClean-Light.otf"')
anaglyph = createAnaglyph(this)

function draw()
{
angle += 0.01

anaglyph.draw(scene)

function scene(graphics)

{
graphics.background(51)
graphics.fill(255)
graphics.textSize(50)
graphics.textFont(font)
graphics.rotateY(angle)
graphics.text('ElegantAI', -100, 0)

Notes

We rotate it around somewhere in the middle of the text. Also, now it is in 3D.

Challenge

Could you move the text backwards and forward?
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Figure G1.17

m File v Edit v Sketch v Helpv Englishwv
° [ | Auto-refresh Algorithmic Art #
>

sketch js Saved: just now

1 let font

2 let angle = @

3 let ananglyph

4

5 async function setup()

6V {

7 createCanvas(400, 400, WEBGL)

8 font = await loadFont('AdobeClean-Light.otf")
9 anaglyph = createAnaglyph(this)
10 3}

11

12 function draw()

13V {

14 angle += 0.01
15 anaglyph.draw(scene)

16 3}

17

18 function scene(graphics)
197 {

20 graphics.background(51)
21 graphics.fill(255)

Console

Clear VvV

Preview

tnegeld
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#& Sketch G1.18 Dodecahedron

i

We can also create an irregular (although this is actually regular) shape using the
vertex() function. In this case, we are going to create a dodecahedron, which
means that there is going to be a whole lot of copying and pasting.

A dodecahedron has 12 faces, where each face is a pentagon. The pentagon has 5
edges and 5 vertices. This means that the dodecahedron has a total of 20 vertices.

This is a 3D object. We need the vectors of each vertex, which contain three elements
(X, Y, Z). We need an array to hold all these vertices. We will call it vert[]. We also
use some maths to calculate the other vertices. We use the golden ratio; we used
something like this in the phyllotaxis example.

let vert = []

function setup()
{
createCanvas (400, 400, WEBGL)
const A = (1 + sqrt(5)) / 2
const B=1/ A
vert.push(createVector(1, 1, 1)
vert.push(createVector 1, -1
1

vert.push(createVector

1,
1! ’
vert.push(createVector(1l

’

-1

’ 11_
vert.push(createVector 1
1

vert.push(createVector

’

1

1
vert.push(createVector(-1, -1,
vert.push(createvector(-1, -1, -1))
, A))
, B, -A))

vert.push(createVector(0
0
0, -B, A))
0
B
B

’

vert.push(createVector

, -B, -A))
, A, 0)
, A, 0

A, 0

vert.push(createVector
vert.push(createVector )
vert.push(createVector )
vert.push(createVector(-B, )
vert.push(createVector(-B, -A, 0))
vert.push(createVector(A, )
vert.push(createVector(A, -B)
, 0, B))

-A
Al ’ _B))

( (
( (
( (
( (
( (-
( (-
( (-
( (=
( (
( (
vert.push(createVector(
( (
( (
( (
( (-B
( (-B
( (
( (
vert.push(createVector(-

( (

vert.push(createVector
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Notes

These are just the vertices. Believe it or not, we need to take these vertices in a very
specific order and arrange them around each pentagon face. Admittedly, other shapes
might have been easier.

Code Explanation
(1 + sqrt(5)) / 2 The golden ratio approximately: 1.618033988749895

const A

const B=1/ A The inverse of the golden ratio is: 0.6180339887498948
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#& Sketch G1.19 face the pentagon

i

We need to combine the vertices to each face. We have 12 faces, each with 5 vertices.
Some of these vertices are shared by 3 faces. The great thing is that someone has
done the hard work for us (not me), and we can identify each vertex with an individual

index, which will have three elements. We will use this information later.

We need an array to hold these faces, and we will call the array faces|].

let vert = []

let faces = []

function setup()

{

createCanvas (400, 400, WEBGL)
const A = (1 + sqrt(5)) / 2
const B=1/ A

vert.
vert.

vert.

vert

vert.
vert.
vert.
vert.
vert.
vert.

vert.

vert

vert.
vert.
vert.

vert.

vert

vert

vert.

vert

.push(createVector

.push(createVector

push(createVector(1, 1, 1)
push(createVector(1l, 1,
push(createVector(1,
1

’

=

)

-1))

-1, 1))
-1, -1))
push(createVector(-1, 1, 1))
push(createVector(-1, 1, -1)
push(createVector(-1, -1, 1)
push(createVector(-1, -1, -1))
push(createVector(0,

B
’ B; _A))

0
push(createVector(0
0, -B, A))
0
B
B

push(createVector
, =B, —A))
push(createVector(B, A, 0))
push(createVector(B, , 0)
push(createVector(-B, A, 0)
-B, -A, 0))

)

)

)

push(createVector

.push(createVector(A, 0, B)

( (
( (
( (
( (
( (-
( (-
( (-
( (-
( (
( (
( (
( (
( (
( (
( (-
( (-
( (
( (
( (-
( (

.push(createVector(A, 0, -B))
push(createVector(-A, 0, B))
.push(createVector(-A, 0, -B))

faces.push([0, 16, 2, 10, 8])
faces.push([0, 8, 4, 14, 12])
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faces.
faces.

faces.

faces

faces

faces.
faces.

faces.

faces

faces.

Notes

push([16, 17, 1, 12, @])
push([1, 9, 11, 3, 17])
push([1, 12, 14, 5, 9])

.push([2, 13, 15, 6, 10])
.push([13, 3, 17, 16, 2])

push([4, 8, 10, 6, 181)
push([14, 5, 19, 18, 41)

.push([5, 19, 7, 11, 9])

(
(
(
(
(
push([3, 11, 7, 15, 13])
(
(
(
(

push([15, 7, 19, 18, 6])

To speed up the pasting and copying, I created a line with xs rather than numbers and
copied and pasted 12 times. Then I went back through them very carefully, changing

the x to the relevant number. A bit ftedious but necessary.

Challenge

I am sure you can find a quicker way to do this.
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#& Sketch G1.20 resizing

i

You may be wondering what this is going fo look like as the numbers we have put in
seem to be mainly 15 and 0's or thereabouts. We need to increase each vector by 50 so

that it is something we will actually be able to see.

let vert = []
let faces = []
let r = 50

function setup()

{
createCanvas (400, 400, WEBGL)
const A = (1 + sqrt(5)) / 2
const B=1/A
vert.push(createVector(1, 1, 1))

vert.push(createVector(1, 1, -1)

vert.push(createVector
vert.push(createVector(A, 0, B)

0, -B))
-A, 0, B))

vert.push(createVector(-A, @, -B))

)
0)
0)

, -A, 0))
)
vert.push(createVector(A, )
)

vert.push(createVector

( (

( ( )
vert.push(createVector(1, -1, 1))
vert.push(createVector(1, - —1))
vert.push(createVector(-1, 1, 1))
vert.push(createvVector(-1, 1, -1))
vert.push(createvVector(-1, -1, 1))
vert.push(createVector(-1, -1, -1))
vert.push(createVector(0, B, A))
vert.push(createvVector(@, B, —A))
vert.push(createVector(@, -B, A))
vert.push(createVector(@, -B, -A))
vert.push(createVector(B, A, 0)
vert.push(createVector(B, -A, 0))
vert.push(createVector(-B, A, 0))

( (-B

( (

( (

( (

( (

for (let i = 0; i < vert.length; i++)

{
vert[i]l.mult(r)
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faces.
faces.

faces.

faces

faces.
faces.
faces.

faces.

faces

faces.
faces.

faces.

Notes

push([o, 16, 2, 10, 8])
push([@, 8, 4, 14, 121)
push([16, 17, 1, 12, 0])

.push([1, 9, 11, 3, 17])

(

(

(

(

push([1, 12, 14, 5, 9])

push([2, 13, 15, 6, 10])

push([13, 3, 17, 16, 21)

push([3, 11, 7, 15, 13])
(
(
(
(

.push([4, 8, 10, 6, 18])

push([14, 5, 19, 18, 4])
push([5, 19, 7, 11, 9])
push([15, 7, 19, 18, 6])

Nothing to see. You can use console. log(vert[2]) to see how that works.

Challenge

You can multiply by a different number if you want.
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# Sketch G1.21 draw the dodecahedron

i

We have an array of faces. In each face, we have an array which are the indices for
the vertices. Basically, we systematically work through each face and draw out each

vertex. Each vertex is a point, and we can join these vertices together.

let vert = []
let faces = []
let r = 50

function setup()

{
createCanvas (400, 400, WEBGL)
const A = (1 + sqrt(5)) / 2
const B=1/A
vert.push(createVector(1, 1, 1))

vert.push(createVector(1, 1, -1)

vert.push(createVector
vert.push(createVector(A, 0, B)

0, -B))
-A, 0, B))

vert.push(createVector(-A, @, -B))

)
0)
0)

, -A, 0))
)
vert.push(createVector(A, )
)

vert.push(createVector

( (

( ( )
vert.push(createVector(1, -1, 1))
vert.push(createVector(1, - —1))
vert.push(createVector(-1, 1, 1))
vert.push(createvVector(-1, 1, -1))
vert.push(createvVector(-1, -1, 1))
vert.push(createVector(-1, -1, -1))
vert.push(createVector(0, B, A))
vert.push(createvVector(@, B, —A))
vert.push(createVector(@, -B, A))
vert.push(createVector(@, -B, -A))
vert.push(createVector(B, A, 0)
vert.push(createVector(B, -A, 0))
vert.push(createVector(-B, A, 0))

( (-B

( (

( (

( (

( (

for (let i = 0; i < vert.length; i++)

{
vert[i].mult(r)
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faces.push([0, 16, 2, 10, 8])
faces.push([0, 8, 4, 14, 12])
faces.push([16, 17, 1, 12, 0])
faces.push([1, 9, 11, 3, 171)
faces.push([1, 12, 14, 5, 9])
faces.push([2, 13, 15, 6, 10])
faces.push([13, 3, 17, 16, 2])
faces.push([3, 11, 7, 15, 131)
faces.push([4, 8, 10, 6, 18])
faces.push([14, 5, 19, 18, 4])
faces.push([5, 19, 7, 11, 9])
faces.push([15, 7, 19, 18, 61)

function draw()
{
background(51)
stroke(255)
strokeWeight(2)
noFill()
for (let i = 0; i < faces.length; i++)
{
beginShape()
for (let j = 0; j < faces[il.length; j++)
{
let v = vert[faces[i] [j]]
vertex(v.x, v.y, Vv.z)
b
endShape (CLOSE)

Notes

We now have something to look at, a static dodecahedron. All that hard work has paid
off.
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Figure Gl.21

m File v Edit v Sketch v Help v Englishwv

>

0 N O WN =

el

10
11
12
13
14
15
16
17

190

Console

sketch.js

Auto-refresh Algorithmic Art #

Saved: 15 seconds ago

let vert = []
let faces = []
let r = 50

function setup()

{

createCanvas(400, 400, WEBGL)
const A = (1 + sqrt(5)) / 2
const B=1/A

vert.
vert.
vert.
vert.

vert

vert.
vert.
vert.

vt

push(createVector(1, 1, 1))
push(createVector(1, 1, -1))

push(createVector(1, -1, 1))
push(createVector(1, -1, -1))
.push(createVector(-1, 1, 1))
push(createVector(-1, 1, -1))

push(createVector(-1, -1, 1))
push(createVector(-1, -1, -1))

nitchl arantallantarnin D AN

Clear VvV

Preview

@ Public
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# Sketch G1.22 rotate

i

We can now rotate the dodecahedron.

let vert = []
let faces = []
let r = 50

let angle = @

function setup()

{
createCanvas (400, 400, WEBGL)
const A = (1 + sqrt(5)) / 2

const B=1/ A
vert.push(createvVector(1, 1, 1))
vert.push(createvVector(1, 1, -1))
vert.push(createVector(1, -1, 1))
vert.push(createVector(1, -1, -1))
vert.push(createVector(-1, 1, 1))
vert.push(createVector(-1, 1, -1))
vert.push(createVector(-1, -1, 1))
vert.push(createVector(-1, -1, -1))

vert.push(createVector

’

’

0

0
vert.push(createVector(@, -B, A))
0
B
B

vert.push(createVector(0, -B, -A))

’ l )

( (
( (
( (
( (
( (=
( (-
( (-
( (-
( (
vert.push(createVector(
( (
( (
vert.push(createVector(
( (
( (-B
( (-B
( (
( (
( (-
( (

)
vert.push(createVector(B, -A, 0))
vert.push(createVector(-B, A, 0))
vert.push(createVector(-B, -A, 0))
vert.push(createVector(A, 0, B))
vert.push(createVector(A, 0, -B))
vert.push(createVector(-A, 0, B))
vert.push(createVector(-A, @, -B))

for (let i = 0; i < vert.length; i++)
{
vert[i]l.mult(r)
b
faces.push([0, 16, 2, 10, 8])

AA workbook 13 49 of 122

www.elegantAl.org


http://www.elegantAI.org

faces.
faces.

faces.

faces

faces.
faces.
faces.

faces.

faces

faces.

faces.

push([0, 8, 4, 14, 12])
push([16, 17, 1, 12, 01)
push([1, 9, 11, 3, 17])

.push([1, 12, 14, 5, 9])

(

(

(

(

push([2, 13, 15, 6, 10])

push([13, 3, 17, 16, 21)

push([3, 11, 7, 15, 13])

push([4, 8, 10, 6, 181)
(
(
(

.push([14, 5, 19, 18, 4])

push([5, 19, 7, 11, 9])
push([15, 7, 19, 18, 6])

function draw()

{

background(51)

rotateX(angle)

rotateY(angle)
stroke(255)
strokeWeight(2)
noFill()

for (let i = 0; i < faces.length; i++)

{

beginShape()

for (let j = @0; j < faces[il.length; j++)

{

let v = vert[faces[i]l[j]1]

vertex(v.x, v.y, v.z)

¥

endShape (CLOSE)

}

angle += 0.01

Notes

A lovely rotating dodecahedron.
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Figure G1.22

EF

ilew Editwv Sketchwv Helpwv Englishw

° - Auto-refresh Algorithmic Art / @ Public
> sketch.js Saved: 15 seconds ago Preview
1 let vert =[]
2 let faces = []
3 let r =50
4 let angle = 0@
5)
6 function setup()
7v/{
8 createCanvas(400, 400, WEBGL)
9 const A = (1 + sqrt(5)) / 2
10 const B=1/A
1 vert.push(createVector(1, 1, 1))
12 vert.push(createvVector(1, 1, -1))
13 vert.push(createvVector(1, -1, 1))
14 vert.push(createVector(1, -1, -1))
15 vert.push(createVector(-1, 1, 1))
16 vert.push(createVector(-1, 1, -1))
17 vert.push(createVector(-1, -1, 1))
10 viart nuchlarvantallantanl -1 51 ~STSYSY

Console Clear Vv
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#& Sketch G1.23 the anaglyph

i

Here we bring in the usual changes. One way is to copy most of the draw() function
and paste it intfo the new scene() function. Then we add the graphic. prefix. Time

to put your glasses on. I think you will agree it looks great.

let vert = []
let faces = []
let r = 50

let angle = 0@
let anaglyph

function setup()
{
createCanvas (400, 400, WEBGL)
anaglyph = createAnaglyph(this)
(1 + sqrt(5)) / 2
const B=1/ A

const A

vert.push(createVector(1, 1, 1)
vert.push(createVector 1, -1
1

vert.push(createVector

1,
1' ’
vert.push(createVector(1

vert.push(createVector

-1

y —1,

, 1

vert.push(createVector 1

vert.push(createVector , —1,

, -1, -1))
, A))
, B, -A))

0
0
0, -B, A))
0
B
B

1

-1,

1
vert.push(createVector(-1

vert.push(createVector

, B
vert.push(createVector B
vert.push(createVector
, -B, -A))

’ l )

vert.push(createVector
vert.push(createVector

)

)
vert.push(createVector(B, -A, 0)
vert.push(createVector , A, 0))
vert.push(createVector(-B, -A, 0))
vert.push(createVector(A, @, B))
))
))

vert.push(createVector(-A, 0, -B))

vert.push(createVector(A, 0, -B

vert.push(createVector

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
( -A, 0, B
(

(
(
(
(
(-
(-
(-
(-
(
(
(
(
(
(
(-B
(-B
(
(
(-
(

for (let i = 0; i < vert.length; i++)
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vert[i]l.mult(r)

b

faces.push([0, 16, 2, 10, 8])
faces.push([0, 8, 4, 14, 12])
faces.push([16, 17, 1, 12, 0])
faces.push([1, 9, 11, 3, 17])
faces.push([1, 12, 14, 5, 9])

faces.push

[2, 13, 15, 6, 10])

faces.push([13, 3, 17, 16, 21)
faces.push([3, 11, 7, 15, 13])
faces.push([4, 8, 10, 6, 18])
faces.push([14, 5, 19, 18, 4])
faces.push([5, 19, 7, 11, 9])
faces.push([15, 7, 19, 18, 6])

(
(
(
(
(
(
(
(
(
(
(
(

function draw()

{

anaglyph.draw(scene)

angle += 0.01

function scene(graphic)

{

graphic.
graphic.
graphic.
graphic.
graphic.
graphic.

background(51)
rotateX(angle)
rotateY(angle)
stroke(255)
strokeWeight(2)
noFill()

for (let i = 0; i < faces.length; i++)

{

graphic.beginShape()

for (let j = 0; j < faces[il.length; j++)

{
let v = vert([faces[i] [j]1]
graphic.vertex(v.x, v.y, v.z)
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}
graphic.endShape(CLOSE)

Notes

This shows that you do need to have a good understanding of geometry. I have shown

you this fo whet your appetite.

Challenge

Try your own designs; maybe start with something simpler to start with.

Figure G1.23
m File v Edit v Sketch v Help v Englishw
° . Auto-refresh Algorithmic Art / @ Public
> sketch.js Saved: 1 minute ago Preview
1 let vert = []
2 let faces = [1]
3 let r =50
4 let angle = 0
5 let anaglyph
6
7 function setup()
8V {
9 createCanvas(400, 400, WEBGL)
10 anaglyph = createAnaglyph(this)
11 const A = (1 + sqrt(5)) / 2
12 const B=1/A
13 vert.push(createVector(1, 1, 1))
14 vert.push(createVector(1, 1, -1))
15 vert.push(createVector(1, -1, 1))
16 vert.push(createVector(1, -1, -1))
17 vert.push(createVector(-1, 1, 1))
19 vart nichlarvantaVlantar( -1 1 1))
Console Clear WV
AA workbook 13 54 of 122 www.elegantAl.org


http://www.elegantAI.org

Algorithmic
Art
Module G
Unit #2

typography

wwwwwwwwwwwwwww


http://www.elegantAI.org

#& Module G Unit #2 typography

We want to download a font for this unit. The one we want has variable weights. The
one I suggest is called Roboto-VariableFont_wdth,wght.ttf which is a bit of a
mouthful. To download a .ttf font, first go to https://fonts.google.com/. There
are some much more interesting fonts which I would encourage you fo explore, but
finding a variable weights one is harder than you might think.
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#& Download and Upload font

First of all we need fo download the font we need from Google Fonts at:

https://fonts.google.com/

Figure 1: Google fonts

Sort by (5]
(A X b G°°g|e Fonts Q_ Search fonts T )
Fonts Preview
@ @ Grid (&) Ssample
ROt Type something
8
Readability Material design Optimize font
cons How type influences .i— guidelines @ loading >
‘g’l Radebliy Styling text Achieve faster page lo.
times
Knowledge
® wopx v @ 1946 of 1946 families About these results ()
FAQ
Filter Roboto Variable (3axes) | Christian Robertson, ParaType, Font Bureau
Language A i
® Lonau Everyone has the right to freedom of
Writing system ~
Idiglat 3styles | SILInternational
Language v
L u u - u
od 43390 250 odAD Ixads Ao

& @ Feeling ~

Alternatively you can get a link to this page on my website.
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Next, select the family for Roboto and click on the Get font button (top right).

Figure 2: Roboto family of fonts

B Google Fonts ~ Q_ search fonts

t,e

3 Specimen @ About [ License 4% Glyphs & languages Get font

Designed by Christian Robertson, ParaType, Font Bureau

Learn more about variable fonts O

Sans Serif — Neo Grotesque Technology — Variable Feeling — Competent Feeling — Rugged Feeling — Sincere Feeling — Vint

We get a few fonts from this family (nine altogether). Click on the download button.

Figure 3: download button

o Share i Removeall

Roboto Variable () @ 2

Everyone has the right to freedor

This will still give you numerous fonts. The one you want to find is the Roboto-
VariableFont_wdth,wght.ttf. Depending on your computer (and operating system),
it will be in a place where downloads are saved. You dont need to do anything with it
except find where it is in a folder labelled Roboto.

Figure 4: downloaded font somewhere

XX ) < Roboto g = 0 KR &= h O Q
@ Recents Name ~ | Date Modified Size Kind
E? Shared OFL.txt Today at 09:19 4 KB Plain Text
README.txt Today at 09:19 4 KB Plain Text
Favourites ¢ Roboto-ltalic-VariableFont_wdth wght.ttf 19 Feb 2026 at 22:19 530 KB TrueType® font
A Applications B Roboto-VariableFont_wdth,wght.ttf 19 Feb 2026 at 22:19 TrueType® font
’ > [ static Today at 09:19 -~ Folder
@© Downloads
——1
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#& Uploaded font

This is something you should be familiar with. Go to the list of files for your sketch and
click on the upload file tab. Click Browse and find the font file and upload it.

Figure 5: uploaded font

Sketch Files + < sketch.js Saved: 25 seconds ago Pr
& Roboto-VariableFont_wdth,wght.ttf function setup()

B index.html {

JS sketch. js v )

B style.css
function draw()

{

W o ~NO UL WN =

3
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# Sketch G2.1 display text

i

! This is our starting sketch.

It will print the text to the canvas. We use async and await to make sure we have
uploaded the font before we use it.

let font

async function setup()

{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)

function draw()

{
background('darkred')
textSize(64)
fill('yellow')
textAlign(CENTER, CENTER)
text('Algorithm', 300, 200)

Notes

This will also serve fo check that the font is working.
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Figure G2.1

E File v Editv Sketchv Helpv Englishv Hello, Eleg
° [ | Auto-refresh  Algorithmic Art 4 @ Public p5.js23.3
> sketch.js Saved: 25 seconds ago Preview
1 let font
2
3 async function setup()
av{
5 createCanvas(600, 400)
6 font = await loadFont('Roboto-VariableFont_wdth,wght.ttf"')
7 textFont(font)
) -
10 function draw() O rI I I I
1V {
12 background('darkred')
13 textSize(64)
14 fill('yellow')
15 | textAlign(CENTER, CENTER)
16 text('Algorithm', 300, 200)
17 %
18
19
20
21
Console Clear Vv
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@ Sketch G2.2 breath of life

Now we can breathe some life into the text. We will get it fo expand and contract as a
sine wave. The sine wave runs between —1 and +1; we will map this to the weights
(thickness of the font).

let font
let wt
let angle = 0

async function setup()

{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf"')
textFont(font)

function draw()
{
background('darkred')
wt = map(sin(angle), -1, 1, 100, 900)
textWeight (wt)
textSize(64)
fill('yellow")
textAlign (CENTER, CENTER)
text('Algorithm', 300, 200)
angle += 0.05

Notes
We increment the angle by 0.05. This oscillates the weight from 100 to 900, back to
100, and so on.
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Figure G2.2

=]
>

© N U A WN =

©

Console

ile v Edit v  Sketch w Help v English v

[ ] Auto-refresh  Algorithmic Art
sketch.js Saved: 15 seconds ago

let font
let wt
let angle = @

async function setup()

{
createCanvas(600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf"')
textFont(font)

}

function draw()

background('darkred')

wt = map(sin(angle), -1, 1, 100, 900)
textWeight(wt)

textSize(64)

fill('yellow')

textAlign(CENTER, CENTER)
text('Algorithm', 300, 200)

angle += 0.05

Clear WV

Preview

Hello, Elegal

@ Public p5js233

AA workbook 13

63 of 122

www.elegantAlorg


http://www.elegantAI.org

aﬁa Sketch G2.3 dashed outline

We will create some dashed lines around the outline of the text. We will do this by
getting the points that track the outline (not all of them, just spaced out) and then

drawing a small rectangle in their place. We will also need to rotate these rectangles as
they go round the corners of the letter shapes.

! This is our starting sketch

let font

async function setup()
{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign(CENTER, CENTER)
textSize(200)

function draw()

{
background('darkred"')
fill('yellow")
text('Art', 300, 200)

Notes

We will remove: text('Art', 300, 200) shortly. Notice also that it is much shorter
text and larger for a good reason.
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Figure G2.3

m File v Editwv Sketchwv Helpwv Englishv

>

0N UAWN =

©

Console

[ ] Auto-refresh  Algorithmic Art
sketch.js Saved: 1 minute ago

let font

async function setup()
{
createCanvas(600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign(CENTER, CENTER)
textSize(200)
}

function draw()

{
background('darkred')
fill('yellow')
text('Art', 300, 200)

}

Clear Vv

Preview

Hello, Eleg:

@ Public p5.js 233
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# Sketch G2.4 what’s the point

We can use some clever functions in p5.js version 2.x. We want to get the points in
the text. We want to hold all the points in a variable called allPoints. We dont want
all the points but just a sample of them; for that, we have the option sampleFactor,
which we will set to 0.1.

! Note that we have deleted the text line of code in the draw() function.

let font
let allPoints

async function setup()
{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf"')
textFont(font)
textAlign(CENTER, CENTER)
textSize(200)
let options = { sampleFactor: 0.1 }
allPoints = font.textToContours('Art', 300, 200, options)

function draw()

{
background('darkred')
fill('yellow')
// text('Art', 300, 200)
¥
Notes

We now have all (some) of the points. Each point is an array of four elements: X, v,
angle, and alpha. We next need to get those data points and draw them.

Challenge

Change the sampleFactor (later on) to see the difference it makes.
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Figure G2.4

m File v Editw Sketchv Helpv English v
° . Auto-refresh Algorithmic Art &
>

sketch.js Saved: 15 seconds ago Preview

let font
let allpoints

async function setup()

{
createCanvas(600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf"')
textFont(font)

9 textAlign(CENTER, CENTER)

10 textSize(200)

1 let options = { sampleFactor: 0.1 }

12 allpoints = font.textToContours('Art', 300, 200, options)

N U WN =

13 [}

14

15 function draw()
167 {

17 background('darkred"')
18 fill('yellow')

Hello, Elegq

@ Public p5js 233

19 |}
20
21
Console Clear Vv
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# Sketch G2.5 lines, letters and arrays

The length of the allPoints array is 7. This is because the letters are made up of
segments. For instance, if you had the letter O, it would count for two arrays, the inner
and outer circle. The A has three, the r has two, and the t has two. This is just the
way the font structures the letters.

We take each segment and pull out the points in that array and create another array
called letterPoints. This will have a much larger number of elements. We can then
use that data to draw the points of each letter, creating a dashed line effect. There
are other effects you could create.

let font
let allPoints
let letterPoints

async function setup()
{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf"')
textFont(font)
textAlign (CENTER, CENTER)
textSize(200)
let options = { sampleFactor: 0.1 }
allPoints = font.textToContours('Art', 300, 200, options)

function draw()
{
background('darkred')
for (let i = @; i < allPoints.length; i++)
{
letterPoints = allPoints[il
for (let j = @0; j < letterPoints.length; j++)
{
fill('yellow"')
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Notes

Just taking it one step at a time. Nothing fo see yet except a sea of dark red.
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#& Sketch G2.6 getting the point

i

We use another variable that can pull out and reference individual elements for each
point, such as the X, y, and angle components, which we will need to draw the dashed
line. This means it will follow the curve of the letter (if there is one). We call this
variable pt (point for short).

let font

let allPoints
let letterPoints
let pt

async function setup()
{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign(CENTER, CENTER)
textSize(200)
let options = { sampleFactor: 0.1 }
allPoints = font.textToContours('Art', 300, 200, options)

function draw()
{
background('darkred"')
for (let i = 0; i < allPoints.length; i++)
{
letterPoints = allPoints[i]
for (let j = 0; j < letterPoints.length; j++)
{
pt = letterPoints[j]
noStroke()
fill('yellow"')
rectMode (CENTER)
push()
translate(pt.x, pt.y)
rotate(pt.angle)
rect(e, @, 5, 2.5)
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pop()

Notes

We have our points as dashes.

Challenge

1. Try other shapes
2. Could you use them to make it 3D (glasses)?

Figure G2.6

m File v Editv Sketchv Helpv English v
° [ | Auto-refresh Algorithmic Art 2
>

sketch.js Saved: 15 seconds ago Preview

let font

let allPoints
let letterPoints
let pt

async function setup()
{
createCanvas(600, 400)
9 font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
10 textFont(font)
11 textAlign(CENTER, CENTER)
12 textSize(200)
13 let options = { sampleFactor: 0.1 }
14 allPoints = font.textToContours('Art', 300, 200, options)
15 |}

® N U A WN =

17 function draw()

187([(]

19 background('darkred')

20 for (let i = @; i < allPoints.length; i++)

Hello, Elega

@ Public p5js 233

21 {
Console Clear Vv
AA workbook 13 71 of 122 www.elegantAl.org


http://www.elegantAI.org

@ Sketch G2.8 3D extruded text

! Our starting sketch, delete what isnt needed and change the highlighted lines of
code.

Using the same font, we can extrude the text and make it 3D. I would recommend
using version 2.0.5 for this example and for the next one. In the images, I have used
the latest version, which does still work but there is a conflict or bug (at present).

let font

async function setup()
{
createCanvas (600, 400, WEBGL)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign(CENTER, CENTER)
textSize(200)
let options = { extrude: 50, sampleFactor: 0.1 }

function draw()

{
background('darkred')

Notes

Just a red canvas.

AA workbook 13 72 of 122 www.elegantAlorg


http://www.elegantAI.org

# Sketch G2.9 geometry

i

Instead of getting the contours of the text, now we get the geometry using the
textToModel() function.

! You will get an error message (ignore it). If it bothers you, use a previous version of
p5.js (still version 2.x), such as 2.0.5 (my recommendation).

let font

let textGeom

async function setup()
{
createCanvas(600, 400, WEBGL)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign (CENTER, CENTER)
textSize(200)
let options = { extrude: 50, sampleFactor: 0.1 }
textGeom = font.textToModel('Art', @, 0, 600, options)

function draw()

{
background('darkred"')

orbitControl()

model(textGeom)

Notes

We also add the orbital control function so we can rotate it with the mouse.
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Figure G2.9

m File v Edit v Sketch v Helpv English v
° . Auto-refresh Algorithmic Art
>

sketch.js Saved: just now Preview

1 let font

2 let textGeom

3]

4 async function setup()

5V {

6 createCanvas(600, 400, WEBGL)

7 font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
8 textFont(font)

9 textAlign(CENTER, CENTER)

10 textSize(200)
11 let options = { extrude: 50, sampleFactor: 0.1 }
12 textGeom = font.textToModel('Art', @, @, 600, options)

13 )

14

15 function draw()
167 {

17 background('darkred')
18 orbitControl()

19 model(textGeom)

20 '}

Console Clear Vv

p5.Geometry.prototype._getFaceNormal:
face has colinear sides or a repeated vertex

Hello, Elega

@ Public p5js 233
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# Sketch G2.10 let there be lights

Remove the lines and add some light.

let font

let textGeom

async function setup()
{
createCanvas(600, 400, WEBGL)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign (CENTER, CENTER)
textSize(200)
noStroke()
let options = { extrude: 50, sampleFactor: 0.1 }
textGeom = font.textToModel('Art', 0, @0, 600, options)

function draw()

{
background('darkred')
orbitControl()
lights()

model(textGeom)

Notes

You will still get the error message, more of a warning than a problem.
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Figure G2.10

m File v Editwv Sketch v Helpwv English v Hello, Elegq

° . Auto-refresh Algorithmic Art & @ Public p5js2.3.3
>

sketch.js Saved: 15 seconds ago Preview

let font
let textGeom

async function setup()
{
createCanvas(600, 400, WEBGL)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
9 textAlign(CENTER, CENTER)
10 textSize(200)
1 noStroke()
12 let options = { extrude: 50, sampleFactor: 0.1 }
13 textGeom = font.textToModel('Art', @, @, 600, options)
14 '}

0N UAWN =

16 function draw()

17

18 background('darkred"')
19 orbitControl()

20 lights()

21 model (textGeom)

Console Clear Vv

p5.Geometry.prototype._getFaceNormal:
face has colinear sides or a repeated vertex
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# Sketch G2.11 steering behaviour

We can use the points on the contours of the text to move them from some random
position back to where they belong. The effect is for the text to materialise as the
points swarm in. You get the picture, I hope.

I Very important. Please change the latest version to 2.2.3 for this next example. You
will get lots of horrible warning messages, which will be some bug in the current (my
latest) version. It may well be sorted by the time you are coding this.

! This is our starting sketch using the same font.

let font
let points

async function setup()
{
createCanvas (600, 400)

font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)

textAlign(CENTER, CENTER)

textSize(200)

let options = { sampleFactor: 0.1 }

points = font.textToContours('Happy', 300, 200, options)

function draw()
{
background('darkred')

Notes
Nothing to see yet
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# Sketch G2.12 pt points

Getting all the points (well, most of them). Just to make sure everything is working OK.
Comment out the background in draw() and lets draw the points in setup for now. We
will be changing how we draw them later.

let font
let points
let pt

async function setup()
{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf"')
textFont(font)
textAlign (CENTER, CENTER)
textSize(200)
let options = { sampleFactor: 0.1 }
points = font.textToContours('Happy', 300, 200, options)
for (let i = 0; i < points.length; i++)
{
pt = points[i]
for (let j = 0; j < pt.length; j++)
{
stroke(0)
strokeWeight(5)
point(pt[jl.x, ptljl.y)

function draw()

{
// background('darkred")

Notes

We can see the points for the word Happy. You will get a incomplete Happy if using
the latest version, just change the version 'till you get the full word (I found 2.2.3
worked OK).
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Figure G2.12

m File v Edit v Sketch v Helpwv English v Hello, Eled

° . Auto-refresh Algorithmic Art # @ Public p5.js 2.0.5
>

sketch.,js Saved: 2 minutes ago

let font
let points
let pt

async function setup()
{
createCanvas(600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
10 textAlign(CENTER, CENTER)
1 textSize(200)
12 let options = { sampleFactor: 0.1 }
13 points = font.textToContours('Happy', 300, 200, options)
14 for (let i = @; i < points.length; i++)

0N U A WN =

©

00000 a0

15 {
16 pt = points[i]
17 for (let j = @; j < pt.length; j++)
18 {
19 stroke(0)
20 strokeWeight(5)
21 point(pt[jl.x, pt[jl.y)
Console Clear Vv
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# Sketch G2.13 vehicles

i

We want these points to move, and so we will designate them as vehicles. For that, we
need a vehicle class. This is the basics of vectors: movement of particles. There
isnt room in this unit to cover each in detail. The maxspeed and maxforce variables
are there tfo stop the particles going berserk.

Just in case you are unfamiliar, pos is position, vel is velocity, acc is acceleration. We
have set the starting position randomly along the left-hand edge. Remove the
commented-out lines of code. We will need to apply a force to the vehicles and
eventually steer them to their allotted places.

let font
let points
let pt

async function setup()
{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf"')
textFont(font)
textAlign (CENTER, CENTER)
textSize(200)
let options = { sampleFactor: 0.1 }
points = font.textToContours('Happy', 300, 200, options)
for (let i = 0; i < points.length; i++)
{
pt = points[i]
for (let j = 0; j < pt.length; j++)
{
// stroke(Q)
// strokeWeight(5)
// point(ptl[jl.x, ptljl.y)

function draw()
{
background('darkred"')
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class Vehicle

{

constructor(x, vy)

{

this.pos

this.vel

this.acc

this.maxspeed

this.maxforce

show()

{

stroke('yellow')

strokeWeight(5)

point(this.pos.x, this.pos.y)

move ()

{

this.pos.add(this.vel)

this.vel.add(this.acc)

createVector (0, 0)

10
1

this.acc.set(0, @)

applyForce(f)
{

this.acc.add(f)

Notes

createVector(@, random(height))

createVector(random(1), random(1))

Remember to change the version fo 2.2.3 (others do work as well). There is nothing

fo see yet.
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#& Sketch G2.14 steer

i

We want to steer the vehicle towards the target, which is the final position. We want
it to arrive at the target once it has been steered. We have also added these vehicles
to an array of vehicles that we want fo steer and move to their desired target spot.

let font
let points
let pt

let vehicle

let vehicles = []

async function setup()
{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign(CENTER, CENTER)
textSize(200)
let options = { sampleFactor: 0.1 }
points = font.textToContours('Happy', 300, 200, options)

for (let i = 0; i < points.length; i++)

{
pt = points[il
for (let j = @0; j < pt.length; j++)
{
vehicle = new Vehicle(pt[jl.x, ptl[jl.y)
vehicles.push(vehicle)
b
b

function draw()

{
background('darkred"')

class Vehicle

{
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constructor(x, y)

{
this.pos = createVector(@, random(height))
this.vel = createVector(random(1), random(1))
this.acc = createVector(0, 0)

this.maxspeed = 10

this.maxforce = 1

show()

{
stroke('yellow')
strokeWeight(5)
point(this.pos.x, this.pos.y)

move ()

{
this.pos.add(this.vel)
this.vel.add(this.acc)

this.acc.set(0, 0)

b
applyForce(f)
{
this.acc.add(f)
b
arrive(target)
{
let desired = p5.Vector.sub(target, this.pos)
let d = desired.mag()
if (d < 100)
{
let mg = map(d, @, 100, 0, this.maxspeed)
desired.setMag(mg)
b
else
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desired.setMag(this.maxspeed)
b
let steer = p5.Vector.sub(desired, this.vel)
steer.limit(this.maxforce)

this.applyForce(steer)

Notes

Getting our ducks in a row. I will be exploring vectors and forces in more detail in a
forthcoming tutorial series or workbooks about physics simulation. Nothing fo see yet.
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# Sketch G2.15 good behaviour

i

We need to bring all this together and get the vehicles moving by calling them in the
draw() function. The behaviours() function moves each vehicle to its allotted
target position from its random starting point.

let font
let points
let pt

let vehicle

let vehicles = []

async function setup()
{
createCanvas (600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign(CENTER, CENTER)
textSize(200)
let options = { sampleFactor: 0.1 }
points = font.textToContours('Happy', 300, 200, options)

for (let i = 0; i < points.length; i++)

{
pt = points[il
for (let j = @0; j < pt.length; j++)
{
vehicle = new Vehicle(pt[jl.x, ptljl.y)
vehicles.push(vehicle)
b
b

function draw()
{
background('darkred"')
for (let i = @; i < vehicles.length; i++)
{
let v = vehicles[il

v.behaviours()
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v.move()

v.show()

class Vehicle

{

constructor(x, y)

{

this.pos = createVector(@, random(height))

this.vel = createVector(random(1), random(1))

this.acc = createVector(o, 0)
this.target = createVector(x, y)
this.maxspeed = 10

this.maxforce = 1

show()
{
stroke('yellow")

strokeWeight(5)
point(this.pos.x, this.pos.y)

move()
{
this.pos.add(this.vel)

this.vel.add(this.acc)

this.acc.set(0, 0)

applyForce(f)
{
this.acc.add(f)

arrive(target)

{

AA workbook 13 86 of 122 www.elegantAlorg


http://www.elegantAI.org

let desired = p5.Vector.sub(target, this.pos)
let d = desired.mag()
if (d < 100)
{
let mg = map(d, @, 100, 0, this.maxspeed)
desired.setMag(mg)
b
else
{
desired.setMag(this.maxspeed)
b
let steer = p5.Vector.sub(desired, this.vel)
steer.limit(this.maxforce)

this.applyForce(steer)

behaviours()
{
let arrive = this.arrive(this.target)

this.applyForce(arrive)

Notes

The vehicles (points) should start on the left-hand side edge and rush across the
canvas to find their target spot.

Challenges

1. Try other random starting points for effect.
2. Try different max speeds and max force.
3. Add colours.

4. 3D glasses?
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Figure G2.15

o> B
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Console

ile w Edit v Sketch v Helpw English v

. Auto-refresh Algorithmic Art

sketch.js Saved: 35 seconds ago

let font

let points

let pt

let vehicle

let vehicles = []

async function setup()
{
createCanvas(600, 400)
font = await loadFont('Roboto-VariableFont_wdth,wght.ttf')
textFont(font)
textAlign(CENTER, CENTER)
textSize(200)
let options = { sampleFactor: 0.1 }
points = font.textToContours('Happy', 300, 200, options)
for (let i = @; i < points.length; i++)
{
pt = points[i]
for (let j = 0; j < pt.length; j++)

vehicle = new Vehicle(pt[j].x, pt[jl.y)

Clear Vv

Preview

Hello, Eleg

@ Public p5.js 2.0.5
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#& Module H Unit #1 introduction to AI

Before we jump infto using Al fo create art, it is worth spending a little bit of time
understanding what we are using and where it came from. I have a whole series of
workbooks on Al if you are interested after exploring these units.

If you think AI and arts, you may be thinking of Generative AI which uses images it
has scraped off the internet fo help you create an image from a prompt. That is
certainly one use of Ai but that is not what we are going to be doing in the next
module.

The other workbooks I mentioned take you step by step through the process of
building an AI model (virtually from scratch), adding your own data, and training it.
There you will get a deeper understanding of how AI works and what tools you have to
use and apply it.

This module is all about using pretrained models which have a specific application. They
have already been trained on data. They are not LLMs (such as ChatGPT), there are no
prompts. You will be coding it using p5.js through a library called ml5.js. Where the ML
is short for Machine Learning and the 5 is a reference to p5.js.

Our Al is going to work through p5.js and will work in the browser. Nothing to
download and certainly nothing to pay for (although you can donate). It is a simple line
of code in the index.html file as you did with anaglyph.js. So it couldnt be easier in
that respect. You don't have to understand the inner workings of AI to use this, but
you do need to be able fo code, and that is why we are doing if, one small step at a
time.

This will open up many possibilities of an interactive approach to Algorithmic Art. Where

you go with this is up fo you. In the next few pages, I will offer a brief outline of
what to expect.
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#& What is m15.js?

The ml5.js is a library that makes using Machine Learning (AI) accessible to mere
mortals like you and me. It is built on TensorFlow.js, which in turn is built on
TensorFlow, which is used in Machine Learning with the coding language of Python.

The Processing Foundation has a website where you can look at ml5.js in more defail.
The ml5.js library has recently gone through a revision, and so there are, in effect, two

websites. I will link you to the new one, which is pretty obvious.

The website is www.ml5js.org.
The home page looks like this (see Fig.1):

Figure 1: home page

mlS]S Getting Started ~ Reference  Learn = Community  About

Welcome to our new website! We've launched a new version of ml5,js with
breaking changes. If you encounter errors such as '.. is not a function'or need

h ¢

features that are no longer available, please refer to our FAQ for how to access the
previous version and documentation.

Friendly Machine Learning for the Web

A neighborly approach to creating and exploring artificial intelligence in the browser.

But before you click on the Get Started button, just scroll down a bit and see what is
there. Notice it gives a reference to the old version of ml5.js. It is only important if
you find some old code that is based on that version, but we wont be at this stage.
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#& Key elements of ml5.js

As you scroll down, you can see the next window with some graphics (see Fig.2). Here
are some examples of the pretrained models I mentioned:

BodyPose
HandPose
FaceMesh
ImageClassifier
SoundClassifier

There is a sixth one called ml5 NeuralNetwork, which is where you can build your own

model, train it, save it, and use it. If you are interested, then head over to my AI
workbooks. I will briefly go through each of these next.

Figure 2: models

m15]s Getting Started ~ Reference  Learn ~ Community ~ About
What we can do with ml5.js?
A L J
BodyPose HandPose FaceMesh
Full-body pose estimation Hand-skeleton finger tracking Facial landmark detection
My 9
2
ImageClassifier SoundClassifier ml5 NeuralNetwork
Image content recognition Audio detection and classification Train your own neural networks
Learn More
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#& BodyPose

This requires a webcam of some sort pointed at you. When you run this pretrained
model, it picks up the key body parts as points, for instance, shoulder, elbow, knee,

ankle, and so on. This works in real time, and as you move around, it follows your
movement.

Figure 3: BodyPose
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& HandPose

e

Here we have a HandPose pretrained model that maps out the major points on one or
both hands. We use this model in our next unit as it is easiest to use sat down in front

of your webcam.

Figure 4: HandPose
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& FaceMesh

This model maps lots of points on your face around the eyes, the nose, and mouth. You
can use that to add on to your face a mask of your choosing.

Figure 5: FaceMesh
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& ImageClassifier

This can take an image or a video and classify what it can see. It gives you the
confidence score for its prediction. It can only use data it has trained on, so you might
find it provides some funny predictions. Here is the example on the website.

Figure 6: imageClassifier

“tﬁ““ﬂp' 2 S

T #)

LabelfrekinFAmenican robimalirdus migratorius
Confidences0:90
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#& SoundClassifier

-k

This model is trained on recognising spoken words. There are 18 words, and they are as
follows:

Zero, One, Two, Three, Four, Five, Six, Seven, Eight, Nine, Up, Down, Left,
Right, Go, Stop, Yes, and No,

You can control or affect some sketch you have written as you speak into the
microphone. It only knows those 18 words, but its something to play around with. In
Fig.7 I move a circle around the canvas with my voice, with mixed results.

Figure 7: soundClassifier
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ﬁn ml5 NeuralNetwork

This can be anything you have enough data for. In the AI workbooks, there are plenty
of examples fo work through to give you a feeling for how it works. They are simple
examples that dont need a neural network but demonstrate how they work and how
you can build one.

You wont be building one in these series of workbooks, but you may come across an
idea fo use one creatively, so I would recommend working through the Al workbooks as
it may give you some ideas.

A neural network is nothing magical; it is simply an algorithm based on some relatively
simple maths, much of which is to do with calculus and matrix multiplication. So if you
did that at school, you are most of the way there and not far from being able fo build
your own from scratch.

A quick explanation is that you have inputs; it could be just some data, it could be an
image of a dog or a cat The data passes through the neural network, which has a
series of weights (these are random) and then through a series of nodes which collect
the data multiplied by the weights, to the output which has the correct result.

Because the neural network has effectively guessed what the correct result is, there
will be an error. This error is passed back through the neural network, and those
weights are tweaked slightly, and it has another go at guessing the correct result. It
repeats this until there is no or very little error. This is how a model is trained.

Fig.8 shows a simple diagram of what is going on inside a simple neural network. There
are lots of layers and nodes (or neurons), and all it is doing is lots and lots of simple
calculations. When you use the Large Language Models such as ChatGPT, they have
billions of these nodes (neurons), hence why they are housed in data centres.

We use much smaller ones that we can run in our browser. The simplest is called a
perceptron, which is effectively one node (neuron) with, say, two inputs and one output.
This is such a vast topic, and for the most part, you do not need to know how it works
in the same way you do not need to know how the internal workings of the engine
work in your car, but you do need to know when and where fo put water, fuel,
electricity, or air info the car to keep it moving.

For now, you can just use it. That is complex enough. Enjoy and have a go at seeing
what you can create.
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Figure 8: diagram of a simple neural network

Input Hidden Output
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#& Module H Unit #2: colour predictor

We are going to use ml5.js default architecture to train it on a bunch of colours and
get it to predict the colour based on the data given it. We will create this data to train
on, and then test the final product which will predict the colour.

The model will try to predict reddish, greenish, and blueish colours. For this, we
will provide a small synthetic dataset in the form of a JSON-style file. We will train
the neural network on that data and see if it can learn these three
classifications for a variety of combinations of the RGB values.

This is, therefore, a classification task as we want it to select, through the built-
in softmax function, the most likely colour group. We will use three sliders to change

the amount of red, green, and blue.

Softmax just uses some very simple maths to decide which colour is the most likely
based on the predictions for all three colours.
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aﬁﬁ The index.html

A reminder to add the m1l5. js line of code if you havent already.

<!DOCTYPE html>
<html lang="en"><head>
<script src="https://cdn.jsdelivr.net/npm/p5@2.2.3/1lib/p5.js"></script>
<script src="https://unpkg.com/ml5@1/dist/ml5.min.js"></script>
<link rel="stylesheet" type="text/css" href="style.css'">
<meta charset="utf-8">
</head>
<body>
<main>
</main>
<script src="sketch.js"></script>
</body></html>
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# Sketch H2.1 creating the data

We are going to create three labels: red-ish, green-ish, and blue-ish. For each
of these three labels, we are going to give them the RGB numbers that are pretty
close. For example, red-ish is (255, @, @), (254, 0, @), and (253, @, 0), and
do the same for the green—ish and blue—ish. This is a json type set of data. For AI
to work on this data it needs to be a particular format.

let data = [
{ r: 255, g: @, b: 0, colour: "red-ish" },
{ r: 254, g: 0, b: 0, colour: "red-ish" },
{ r: 253, g: 0, b: 0, colour: "red-ish" },
{r: 0, g: 255, b: 0, colour: "green-ish" },
{r: 0, g: 254, b: 0, colour: "green-ish" },
{ r: 0, g: 253, b: 0, colour: "green-ish" },
{r:0, g: 0, b: 255, colour: "blue-ish" },
{ r: 0, g: 0, b: 254, colour: "blue-ish" },
{r: 0, g: 0, b: 253, colour: "blue-ish" },

function setup()

{
createCanvas (400, 400)

function draw()

{
background(220)

Notes
This is another small dataset; in reality, you would have a much larger dataset based on
peoples options (labels), but this is simple enough to be useful.

Challenge

You could add more data.

Code Explanation

Creating a series of objects in an array called data.

let data = [{r:, g:, b:, colour:),] These will be the input data
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.

o

Sketch H2.2 Sliders

We are going to create three sliders to control the colour of the background. We will
give it an initial colour of red.

let data =
{ r: 255,
{ r: 254,
{ r: 253,
{r:o0,
{r: o0,
{r: o0,
{r:o0,
{r:o0,
{r:o0,

]

let r

let g

let b

let rSlider

let gSlider

let bSlider

: 255,

Q O o «u «u «u

[

g: 0,
g: 0,
g: 0,

254,
253,
0, b: 255,
0, b: 254,
0, b: 253,

O T T T T ©T

function setup()

{

createCanvas (400, 400)

rSlider =

gSlider =
bSlider =

colour:
colour:
colour:
colour:
colour:
colour:
colour:
colour:

colour:

"red-ish" },
"red-ish" },
"red-ish" },

"green-ish" },
"green-ish" },

"green-ish" },

"blue-ish" },
"blue-ish" },
"blue-ish" },

createSlider (@, 255, 255).position(10, 20)
createSlider(@, 255, 0).position(10, 40)
createSlider(@, 255, 0).position(10, 60)

function draw()

{

rSlider.value()

gSlider.value()
bSlider.value()

background(r, g, b)
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Notes

The

slider has three arguments:

A) the first is the minimum value,

B) the second is the maximum value, and

C) the third is the starting value.

We give the red slider rSlider a starting value of 255, which is the maximum.

Challenge

Have one of the others start at a different value.

Code Explanation
createSlider(@, 255, 255) The third argument is the value of the slider

createSlider(...).position(10, 20)

The position is the x (10 pixels) and y (20
pixels) co-ordinates of the slider

Figure H2.2

E File w Editwv Sketchwv Help v English v Hello, TheHappyCoder! v
° . Auto-refresh mi5js # by TheHappyCoder *
> sketch.js Saved: just now Preview
13 letr
14 let g
15 let b
16 let rSlider
17 let gSlider
18 let bSlider
19
20 function setup()
21V {
G createCanvas (400, 400)
23 rSlider = createSlider(0, 255, 255).position(10, 20)
24 gSlider = createSlider(@, 255, 0).position(10, 40)
25 bSlider = createSlider(@, 255, 0).position(10, 60)
26 1}
27
28 function draw()
29V {
30 r = rSlider.value()
31 g = gSlider.value()
32 b = bSlider.value()
33 background(r, g, b)
34 3}
Console Clear WV
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# Sketch H2.3 adding the neural network

o

Let’s introduce our neural network, we call it nn for short.

let data = [
r: 255, g
r: 254, g:
r: 253, g

, colour:
, colour:
, colour:

’

, colour:

0

0

0

0, colour:
) 0
0, colour:
@, b: 255, colour:
@, b: 254, colour:

@, b: 253, colour:

~

P P P U g U Wy
S

S & & o o o

Q @ ua a «a «a

let r
let ¢
let b
let rSlider
let gSlider
let bSlider

let nn

function setup()

{
createCanvas (400, 400)

rSlider = createSlider(@, 255, 255).position(10, 20)
createSlider(@, 255, 0).position(10, 40)
bSlider = createSlider(@, 255, 0).position(10, 60)

gSlider

let options = {
task: 'classification',
debug: true

}

ml5.setBackend("webgl")

"red-ish" },
"red-ish" },
"red-ish" },

"green-ish" },
"green-ish" },

"green-ish" },

"blue-ish" },
"blue-ish" },
"blue-ish" },

nn = ml5.neuralNetwork(options)

function draw()
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r = rSlider.value()
gSlider.value()
bSlider.value()

T «
1 1l

background(r, g, b)

Notes

As you can see, we have a classification task and set the debug to true. We
need specify what type of task the model is going fo train, it is either a
Classification task or a Regression task. This is explained in far more detail in
the series of workbooks on AL The debug shows a loss chart as the model is trained.
If you do not want to see the loss chart then set the debug to false.

Setting the backend means we can specify what hardware is going to run the model.
Remember that this is going to do a lot of compute. Well, in our example it isnt

because it is a very simple example.

The model we will be using is just the default one, you can specify how many layers,
nodes and much more, see the workbooks for more information and explanation.
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# Sketch H2.4 adding the data

o

Now, to add the data to the neural network. We cycle through the data array, giving
the set of inputs and the colour label to a variable called item. This holds the value of
the red, green, and blue as well as the colour label. However, we only pull out the
r, 9, and b values. The colour values are the outputs for each set of corresponding r,
g, b values.

let data = [
{ r: 255, g: @, b: 0, colour: "red-ish" },
{ r: 254, g: 0, b: 0, colour: "red-ish" },
{ r: 253, g: 0, b: 0, colour: "red-ish" },
{r: 0, g: 255, b: 0, colour: "green-ish" },
{r: 0, g: 254, b: 0, colour: "green-ish" },
{ r: 0, g: 253, b: 0, colour: "green-ish" },
{r:0, g: 0, b: 255, colour: "blue-ish" },
{ r: 0, g: 0, b: 254, colour: "blue-ish" },
{r: 0, g: 0, b: 253, colour: "blue-ish" },

let r
let ¢
let b
let rSlider
let gSlider
let bSlider

let nn

function setup()
{

createCanvas (400, 400)

rSlider = createSlider(@, 255, 255).position(10, 20)
createSlider(@, 255, 0).position(10, 40)
bSlider = createSlider(@, 255, 0).position(10, 60)

gSlider

let options = {
task: 'classification',
debug: true

b

ml5.setBackend("webgl")

nn = ml5.neuralNetwork(options)
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for (let i = 0; i < data.length; i++)

{
let item = datalil
let inputs = [item.r, item.g, item.b]
let outputs = [item.colour]

nn.addData(inputs, outputs)

function draw()

{

rSlider.value()

'1
]

gSlider.value()
bSlider.value()

o «Q
1l 1

background(r, g, b)

Notes

Using the item variable seems a bit redundant, but you are taking them from the
complete array. It means you dont accidentally change any values in the dataset. This
repeats for the length of the dataset.

Challenge

You could replace item with data[i] and remove all references to the item variable.

Code Explanation

et v = dere A For gach mdgx if the dataset array push it into
the item variable

let inputs = [item.r, item.g, item.b] Each set of inputs are added

let outputs = [item.colour] The corresponding output is added

Both the inputs and outputs are added fo the

nn.addData(inputs, outputs) neural network
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# Sketch H2.5 normalising the data

o

Next, we will normalise the data because we dont want very large and very small
numbers in the neural network calculations.

let data = [
{ r: 255, g: @, b: 0, colour: "red-ish" 1},
{ r: 254, g: @, b: 0, colour: "red-ish" },
{ r: 253, g: @, b: 0, colour: "red-ish" },
{ r: 0, g: 255, b: 0, colour: "green-ish" },
{ r: 0, g: 254, b: 0, colour: "green-ish" },
{ r: 0, g: 253, b: 0, colour: "green-ish" },
{r:0, g: 0, b: 255, colour: "blue-ish" },
{r:0, g: 0, b: 254, colour: "blue-ish" },
{r:0, g: 0, b: 253, colour: "blue-ish" },

let r
let g
let b
let rSlider
let gSlider
let bSlider

let nn

function setup()

{
createCanvas (400, 400)
rSlider = createSlider(@, 255, 255).position(10, 20)
gSlider = createSlider(@, 255, 0).position(10, 40)
bSlider = createSlider(@, 255, 0).position(10, 60)

let options = {
task: 'classification',
debug: true
b
ml5.setBackend("webgl")
nn = ml5.neuralNetwork(options)
for (let i = 0; i < data.length; i++)
{
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let item = datalil
let inputs = [item.r, item.g, item.b]
let outputs = [item.colour]
nn.addData(inputs, outputs)

}

nn.normalizeData()

function draw()
{

r = rSlider.value()
gSlider.value()
bSlider.value()

o «Q
1 ]

background(r, g, b)
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aﬁa Sketch H2.6 training the neural network

We will now train our neural network, setting the batch size to 16 and the epochs to
128.

let data = [
{ r: 255, g: @, b: 0, colour: "red-ish" 1},
{ r: 254, g: @, b: 0, colour: "red-ish" },
{ r: 253, g: @, b: 0, colour: "red-ish" },
{ r: 0, g: 255, b: 0, colour: "green-ish" },
{ r: 0, g: 254, b: 0, colour: "green-ish" },
{ r: 0, g: 253, b: 0, colour: "green-ish" },
{r:0, g: 0, b: 255, colour: "blue-ish" },
{r:0, g: 0, b: 254, colour: "blue-ish" },
{r:0, g: 0, b: 253, colour: "blue-ish" },

let r
let g
let b
let rSlider
let gSlider
let bSlider

let nn

function setup()

{
createCanvas (400, 400)
rSlider = createSlider(@, 255, 255).position(10, 20)
gSlider = createSlider(@, 255, 0).position(10, 40)
bSlider = createSlider(@, 255, 0).position(10, 60)

let options = {
task: 'classification',
debug: true
¥
ml5.setBackend("webgl")
nn = ml5.neuralNetwork(options)
for (let i = 0; i < data.length; i++)
{
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let item = datalil
let inputs = [item.r, item.g, item.b]
let outputs = [item.colour]
nn.addData(inputs, outputs)

b

nn.normalizeData()

const trainingOptions = {
batchSize: 16,
epochs: 128

}

nn.train(trainingOptions, finishedTraining)

function finishedTraining()

{

console. log("finished training")

function draw()
{

r = rSlider.value()
gSlider.value()
bSlider.value()

o «Q
1l 1

background(r, g, b)

Notes
We do get a very nice curved loss function. You can hide the loss curve by clicking on
the Hide button. Aldo you can hide it permanently by setting debug to false.
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Figure H2.6

m File w Editwv Sketchwv Help v English v Hello, TheHappyCoder! v
° . Auto—refresh mli5js # by TheHappyCoder ﬁ
o > sketch.js Saved: 1 minute ago Preview
17 let data = [ P Hid
2 { r: 255, g: @, b: 0, colour: "red-ish" 3}, — aximize 1ae
3 { r: 254, g: 0, b: 0, colour: "red-ish" },
4 { r: 253, g: 0, b: 0, colour: "red-ish" }, Vi
5 { r: 0, g: 255, b: @, colour: "green-ish" }, o
6 {r: 0, g: 254, b: 0, colour: "green-ish" },
7 { r: 0, g: 253, b: 0, colour: "green-ish" },
8 {r:0, g:0, b: 255, colour: "blue-ish" }, Training Performance
9 {r:0, g: 0, b: 254, colour: "blue-ish" },
:? . {r:0, g0, b: 253, colour: "blue-ish" }, onEpochEnd
12
13 let r — loss
14 let g 12
15 let b
16 let rSlider 109
17 let gSlider
18 let bSlider 081
19 let nn El
20 So6-
21 function setup()
22V/{ 0.4
Console Clear Vv
02
finished training
0.0 T T T T T T T T T T T T d
0 10 20 30 40 50 60 70 8 90 100 110 120 130
Epoch
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# Sketch H2.7 classifying the colour

We can now classify the colour as red-ish, green-ish, or blue—ish. We create a
classify() function where we input the new slider values and classify the output,
which is then sent to another function called gotResults(). There we can have a
look at the results to understand what data we want. To look inside the data, we
console. Log the results.

let data = [
{ r: 255, g: @, b: 0, colour: "red-ish" },
{ r: 254, g: 0, b: 0, colour: "red-ish" },
{ r: 253, g: 0, b: 0, colour: "red-ish" },
{r: 0, g: 255, b: 0, colour: "green-ish" },
{r: 0, g: 254, b: 0, colour: "green-ish" },
{ r: 0, g: 253, b: 0, colour: "green-ish" },
{r:0, g: 0, b: 255, colour: "blue-ish" },
{ r: 0, g: 0, b: 254, colour: "blue-ish" },
{r: 0, g: 0, b: 253, colour: "blue-ish" },

let r
let ¢
let b
let rSlider
let gSlider
let bSlider

let nn

function setup()
{

createCanvas (400, 400)

rSlider = createSlider(@, 255, 255).position(10, 20)
createSlider(@, 255, 0).position(10, 40)
bSlider = createSlider(@, 255, 0).position(10, 60)
let options = {

gSlider

task: 'classification',
debug: true

}
ml5.setBackend("webgl")

nn = ml5.neuralNetwork(options)
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for (let i = 0; i < data.length; i++)
{
let item = datalil
let inputs = [item.r, item.g, item.b]
let outputs = [item.colour]
nn.addData(inputs, outputs)
b
nn.normalizeDatal()
const trainingOptions = {
batchSize: 16,
epochs: 128
b

nn.train(trainingOptions, finishedTraining)

function finishedTraining()

{
console. log("finished training")

classify()

function classify()

{
const input = [r, g, bl

nn.classify(input, gotResults)

function gotResults(results)

{

console. log(results)

function draw()

{
r = rSlider.value()
g = gSlider.value()
b = bSlider.value()

background(r, g, b)
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Notes
In the console, you get the following (see image below):

A) An array with three objects

B) Each object has a label and confidence score

C) The highest confidence score is the top one result[0]
D) The next highest is result[1]

E) The third is result[2]
F) We want the top one at index [0]

This means we only get the default RGB values; next, we need to get the new values
when we move the sliders

Code Explanation

const input = [r, g, bl We use the default settings for the initial slider which is red

Figure H2.7

m File v Editwv Sketchwv Help v English v Hello, TheHappyCoder! v

> sketch.js Saved: just now Preview
50 console.log("finished training")
51 classify()

52 |}

54 function classify()

55V({

56 const input = [r, g, b]

57 nn.classify(input, gotResults)
58 }

60 function gotResults(results)
Console Clear Vv

finished training
¥ (3) [Object, Object, Object]
V0: Object
red-ish: 0.9893314838409424
label: "red-ish"
confidence: 0.9893314838409424
V1: Object
blue-ish: 0.005957999732345343
label: "blue-ish"
confidence: 0.005957999732345343
V2: Object
green-ish: 0.004710541572421789
label: "green-ish"
confidence: 0.004710541572421789

AA workbook 13 117 of 122 www.elegantAlorg


http://www.elegantAI.org

# Sketch H2.8 the best prediction

I Remove the console.log() in the gotResults() function as we dont need that
information now.

Here we will be extracting the top result (index[0@]) with the highest confidence
score and then printing the result as text on the canvas. We initialise the label as a
string (let label = " "). We add the classify() function in the gotResults()
function to check for updates fo the slider, so that every time you move the sliders
you get an instant update. We only train it once but classify repeatedly. If that is
unclear, work through the logic!

! We set the debug to false so we dont see the loss curve.

let data = [
{ r: 255, g: @, b: 0, colour: "red-ish" },
{ r: 254, g: 0, b: 0, colour: "red-ish" },
{ r: 253, g: 0, b: 0, colour: "red-ish" },
{r: 0, g: 255, b: 0, colour: "green-ish" },
{r: 0, g: 254, b: 0, colour: "green-ish" },
{ r: 0, g: 253, b: 0, colour: "green-ish" },
{r:0, g: 0, b: 255, colour: "blue-ish" },
{r: 0, g: 0, b: 254, colour: "blue-ish" },
{r: 0, g: 0, b: 253, colour: "blue-ish" },

let r

let ¢

let b

let rSlider

let gSlider

let bSlider

let nn

let label = " "

function setup()

{
createCanvas (400, 400)
rSlider = createSlider(@, 255, 255).position(10, 20)
gSlider = createSlider(@, 255, 0).position(10, 40)
bSlider = createSlider(@, 255, 0).position(10, 60)
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let options = {
task: 'classification',
debug: false
I
ml5.setBackend("webgl")
nn = ml5.neuralNetwork(options)
for (let i = 0; i < data.length; i++)
{

let item = datalil

let inputs = [item.r, item.g, item.b]
let outputs = [item.colour]
nn.addData(inputs, outputs)

b

nn.normalizeDatal()

const trainingOptions = {
batchSize: 16,
epochs: 128

b

nn.train(trainingOptions, finishedTraining)

function finishedTraining()

{
console. log("finished training")

classify()

function classify()

{
const input = [r, g, bl

nn.classify(input, gotResults)

function gotResults(results)

{

// console.log(results)
label = results[0].label
classify()
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function draw()

{

r = rSlider.value()
g = gSlider.value()
b = bSlider.value()
background(r, g, b)
textSize(64)

text(label, width/4, height/2)

Notes

You will perhaps notice that the results arent perfect despite the loss function looking
pretty good. We have only provided a small amount of data, but also we haven't offered
any change to most of the other hyperparameters, which is something we could do.

Challenges

1. Change the number of hidden layers and nodes,
2. Change the batch size,

3. Change the learning rate

4. Create a JSON. File for all the named colours

Code Explanation

let label = " " Define the label as a string

label = results[@].label Pulling the label from the classified results
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Figure H2.8a

m File v Editwv Sketchwv Help v Englishwv Hello, TheHappyCoder! v

° . Auto-refresh mi5js # by TheHappyCoder Q

> sketch. js
1V let data = [
2 { r: 255, g: 0, b: 0,
3 { r: 254, g: 0, b: 0,
4 {r: 253, g: 0, b: 0,
5 {r:0, g: 255, b: 0,
6 {r:0, g: 254, b: 0,
7 {r:0, g: 253, b: 0,
8 {r:0, g: 0, b: 255,
9 {r:0,g: 0, b: 254,
10 {r:0,g: 0, b: 253,
1 1]
12
13 let r
14 let g
15 let b
16 let rSlider
17 let gSlider
18 let bSlider
19 let nn
20 let label = " "
21

Console

finished training

colour:
colour:
colour:
colour:
colour:
colour:
colour:
colour:
colour:

Saved: 35 seconds ago Preview

—_—{y
"red-ish" 3, o
"red-ish" }Y _
"red-ish" },

"green-ish" 3},
"green-ish" },
"green-ish" 3},
"blue-ish" },
"blue-ish" },
"blue-ish" },

Clear WV

ﬂ File w Editwv Sketchwv Helpwv English v Hello, TheHappyCoder! v

> sketch.js

17 let data = [

2 { r: 255, g: 0, b: 0,
3 { r: 254, g: 0, b: 0,
4 { r: 253, g: 0, b: 0,
5 {r:0, g: 255, b: 0,
6 {r:0, g: 254, b: 0,
7 {r:0, g: 253, b: 0,
8 {r:0,g: 0, b: 255,
9 {r:0, g 0,b: 254
10 {r:0,g: 0, b: 253,
11 1]

12

13 let r

14 let g

15 let b

16 let rSlider
17 let gSlider
18 let bSlider

19 let nn
20 let label = " "
21

Console

finished training

colour:
colour:
colour:
colour:
colour:
colour:
colour:
colour:
colour:

Saved: 2 minutes ago Preview

"red-ish" },
"red-ish" },
"red-ish" },
"green-ish" },
"green-ish" 3},
"green-ish" 3}, "
=h reen-ish
"blue-ish" },

"blue-ish" },

Clear WV

AA workbook 13

121 of 122 www.elegantAlorg


http://www.elegantAI.org

Figure H2.8¢

>

1V let data = [
2 {r:255,¢g
3 {r:254, g
4 {r:253, g
3 {r:0,g:
6 {r:o0,g:
7 {r:0,g:
8 {r:0,g:
9 {r:0,g:
10 {r:0,g:
1 ]

12

13 let r

14 let g

15 |let b

16 let rSlider
17 let gSlider
18 let bSlider

: 0, b: 0,
: 0, b: 0,
0, b: o,
255, b: 0,
254, b: 0,
253, b: 0,
0, b: 255,
0, b: 254,
0, b: 253,

colour:
colour:
colour:
colour:
colour:
colour:
colour:
colour:
colour:

mlSjs & by TheHappyCoder

Saved: 1 minute ago Preview

"red-ish" },
"red-ish" },
"red-ish" },

"green-ish" },
"green-ish" },
"green-ish" },

"blue-ish" },
"blue-ish" },
"blue-ish" 1},

— ]
C P—
—_—)

Hello, TheHappyCoder! v

19 let nn
20 let label = " "
=
Console Clear VvV
finished training
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