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... SO what /s sound?



Let's talk about waves.
(but not that kind)
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Sample rate: the number of these slices per second )
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Sample rate: the number of these slices per second )

1, 0.97, 0.76, 0.5, 0.2, -0.3, -0.7, -0.85, -1, -0.99, ...

L Bit depth: the potential range (resolution) of these numbers
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Audacity

or

Rogue Amoeba's
Fission




Audacity

-42  Click to Start Monitoring

42  -36  -30

1 (Mono) Recordin... 1!) MacBook Pro Speakers
0.0040 0.0050 0.0060 0.0070 0.0080 i ( 0.0120 0.0130

Audlo Track w| 1.0

Mono, 44100Hz
32-bit float

Project Rate (Hz) Snap-To Audio Position Length and End of Selection
44100 n Off 000,000,000 samples* 000,000,441 samples~ 000,000,441 samples~

Stopped.
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384kHzStereo
|

X ' ! e
I —:"" / -48 -42  Click to Start Monitoring

@\ - X 48 42 36 30

¥ 1 (Mono) Recordin... E‘D QC35-I

X | 384kHzStereow
Mute Solo

- o +*
o

Stereo, 384000Hz
32-bit float

I R

' Project Rate (Hz) Snap-To Audio Position Start and Length of Selection B
';?;, 384000 n Off 4 000,000,000 samples* 000,000,000 samples* 000,000,000 samples~

ot Stopped. Zoom Tool (F4)
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384kHzStereo
I -E" /' \!/ -54 42 Cm':mo smr't Monnm;ng - - N @\ @\ .Q\ ,Q\ Q
Q&K O 34 d2 de do  da .8 . ) - :

Core Audio MacBook Pro Microphone .J 1 (Mono) Recordin... “49 MacBook Pro Speakers

4:11.360 4:11.365 4:11.370 4:11.375 4:11.380 4:11.385 4:11.390 4:11.395 4:11.400
1 1 | ! 1 | 1 1 | 1 1 | 1 1 | 1 | 1 1 | 1 1 | 1

x | 384kHzStereow| 0.50
Mute Solo 0.45-

- +

0.40-
0.35-

Stereo, 384000Hz 0.30-
32-bit float
0.25-

0.20-
0.15-
0.10-
0.05- M
At it MUMA | it ) A S i Ao IS i AR

0.00 et - e
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-0.20-
-0.25 1
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Project Rate (Hz) Snap-To Audio Position Start and Length of Selection [T
384000 By Off B2 095,159,334 samples¥ 095,159,334 samplesv 000,004,077 samples~

Stopped Click and drag to move right selection boundary.
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Many small attempts!
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000 example.rb — voyager_images

example.rb ® Guardfile o - TERMINAL  :--  1: bash v 4+ B m < X

bin>  example.rb $ bundle exec guard[]
1 # Set up Bundler, letting us use our gems.

2 require 'bundler/setup’

3

4 # A library I added to my Gemfile

5 require 'unicode_plot’

6

/ def some_numbers

8 1, 2, 3, 2, -2, 4, 5]

9 end

10

11 puts "Hello! I made you a picture."
12

13 plot = UnicodePlot.lineplot(

14 some_numbers,

15| color: :green,

16 | labels: false

17 )

18 plot.render # Print a graph.| I




000 example.rb — voyager_images

example.rb ® Guardfile o - TERMINAL  :--  1: bash v 4+ B m < X

bin>  example.rb $ bundle exec guard[]
1 # Set up Bundler, letting us use our gems.

2 require 'bundler/setup’

3

4 # A library I added to my Gemfile

5 require 'unicode_plot’

6

/ def some_numbers

8 1, 2, 3, 2, -2, 4, 5]

9 end

10

11 puts "Hello! I made you a picture."
12

13 plot = UnicodePlot.lineplot(

14 some_numbers,

15| color: :green,

16 | labels: false

17 )

18 plot.render # Print a graph.| I
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o= Copy+paste!
oz One big file!
o= No tests!
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Jg Copyt+paste!
o= One big file!

o= No tests!
Jg- puts everywhere!
byebug if it helps!
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O show_some_numbers.rb — voyager_images

show_some_numbers.rb X ool oo

bin >

show_some_numbers.rb

1 require 'bundler/setup'’

2 require 'wavefile' # Read WAV files 1

3 require 'unicode_plot' # Print line graphs

4

5 wav_path = './384kHzStereo.wav' # Voyager Audio
6

/ WaveFile: :Reader.new(wav_path) do |reader|

8| # Jump ahead a fair bit, to the middle

9| # of the audio file somewhere.

10 reader.read(6 315 943)

11
12 samples = reader

13 .read(6_000)

14 . samp les

15 .map { |channels| channels.first } # Left
16

17 UnicodePlot

18 .lineplot(samples, color: :green, labels: false)

-

TERMINAL 300 1: ruby

[1] guard(main)> []

+ B m

<



O show_some_numbers.rb — voyager_images

show_some_numbers.rb X ool oo

bin >

show_some_numbers.rb

1 require 'bundler/setup'’

2 require 'wavefile' # Read WAV files 1

3 require 'unicode_plot' # Print line graphs

4

5 wav_path = './384kHzStereo.wav' # Voyager Audio
6

/ WaveFile: :Reader.new(wav_path) do |reader|

8| # Jump ahead a fair bit, to the middle

9| # of the audio file somewhere.

10 reader.read(6 315 943)

11
12 samples = reader

13 .read(6_000)

14 . samp les

15 .map { |channels| channels.first } # Left
16

17 UnicodePlot

18 .lineplot(samples, color: :green, labels: false)

-

TERMINAL 300 1: ruby

[1] guard(main)> []

+ B m

<



okay, great, we have some numbers.

now what?
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5x5 grid
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5x5 grid
X pixel value

. and save as 'g.pgm’
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P3

3 2 # 3x2 grid

255 # Max pixel value for
# each colour

# Draw the picture:

255 © O red
© 255 0 green
0 O 255 blue
255 255 0, vellow
0 0 0 black
255 255 255 white
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‘Blank' line
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Read chunk of WAV as numbers

Assume that most of the chunk is fine.

v

Look for the lowest number in the rest:
that's our ‘boundary'.

Keep everything left over for next frame.
Chop the garbage off.

v

Re-scale WAV numbers (-1to 1)
to image numbers (0 to 255)

v
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So what s next?
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https://boingboing.net/2017/09/05/how-to-decode-the-images-on-th.html



Fix the Weird Gradient
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Fix the Weird Gradient

X ~[code/self/voyager_images-ruby (entr) =

bash returned exit code @

X ~[code/selffvoyager_images-ruby (vim)

]

curve = BezierCurve.new(*points).points(count: points.last[0])

lines = samples.each_with_index.map do |s,x|
eq_point = [ rescale(eq.(x), range, [@, 254]), RED ]
bezier_point = [ rescale(curve[x]&.last, range, [@, 254]), BLUE ]
sample_point = [ rescale(s, range, [@, 255]), BLACK ]
points_on_line([eq_point, bezier_point, sample_point], 255, WHITE)

end

image_from_lines(rotate_array(lines), “./#{fn}.bmp")

embiggen_and_imgcat!(fn)

end
end

def ex8

WaveFile: :Reader.new(
File.expand_path('../FirstChunk.wav', File.dirname(__FILE__))

~

do |reader|

reader.read(42085)

samples

= reader.read(500).samples.to_a

fn = 'FirstChunk’

range = [-0.3, 0.3]

points
o,
[,
[@.1
[z,
[293
]

curve =

=[

-9.131],

0.015],

0.015], # <-- pull curve to the left
0.015], # <-- ditto

0.015],

BezierCurve.new(*points).points(count: points.last[0])

lines = samples.each_with_index.map do |s,x|
sample_point = [ rescale(s, range, [@, 255]), BLACK ]

bezier = curve[x]&.last
bezier_point = [ rescale(bezier, range, [@, 254]), BLUE ]

new_floor = points.max_by(&:last).last
corrected = (new_floor + (s - bezier)).clamp(new_floor, Float::INFINITY) Mnless bezier.nil?
corrected_point = [ rescale(corrected, range, [@, 254]), RED ]

points_on_line([bezier_point, sample_point, corrected_point], 255, WHITE)

end

image_from_lines(rotate_array(lines), “./#{fn}.bmp")

embiggen_and_imgcat!(fn)

end
end

#exl; puts

#ex2; puts "
#ex3; puts "
#ex4; puts "
#ex5; puts "

ex6; puts
ex7; puts
ex8; puts

\n"
bin/samples_learning
“bin/samples_learning" 273L, 7679C written

255,80
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Fix the weird gradient

[ JPIV\2OWb 62 T6aLUINA, SA3M’ \eNAC MLIFFGU
PUM LELMLUGY 6XIf COUE § pru\zauwbye2 eaLurud 522°80 BOF}
exg® bngz /N,

ex\? bngz
exe? bngz
wexp! bngz |
wexg¢: bngz
wex3: bngz |
wexs: bngz |,
wexy: bngz

/N

6uq
6l
cuwpsddeu~augrwdcas j (L)

Twode™ LLowT T rN62(LOFOEE aLLOACT TNE2)” | “\%{iN} "pub,)
&g
BOrlEaToUT e ([pesreL—borug® 2awbre~hosrug® couuecreqborug]® s22° MHILE)

coLLecgeq borug = [ Le2care(conneceeq’ Lawde® [0° s2¢])* KED ]
COLLECEEq = (NEM™LIOOL + (2 - PESI6L)) " Crowb(WeM LIOOL® E[OUE: I TUEIUILA) ﬁu;ezz PESIGL WIS
UGM™LTOOL = borufz woax pACE: [02£)  [U2f

pesseLTborug = [ weacore(pessen’ Lowde’ [9° s2¢1)’ BrNE ]
PESI6L = CnLAG[X]g" razg

2aubreThosuf = [ Le2care(2’ wawds’ [0° s22])° Brvek J
JIue2 = 20wbre2 6UCu™MIFNTINgEX Wwab qo |2'x|

CNLAG = BESI6LCMLAG WeM(4horugz) “boruga(conus: borugz- raze[o])
]

[sa3’ 612"

[\’ 0°612]° % <-- qIffO

[0°T* °60T2]° % <-- BNy CNLAG £O £N6 [6LFf

[e* eo-612]°
e -o°1310°
borugz = [

Lowde = [-9°3" 0°3]

V= ETL2FCPNUK,

20ubf62 = LEUGEL " LEG(200) 20ubre2° f0~a

LeageL " Leaq(¢5082)

Qo |LEUg6EL |

L1176 6xbougbapp(, * “\EJL2FCUMUK MOA, * |16 qILIOWE(EITE™))
MOAGLI[6: 1 K6aq6L " WeM(

qeL 6xg

]

6uq
6lq
cupsddeu~augrwdcag j (41

TWod6™ LLoW [ TN62(LOFOFE™aLLOACTINER) |, “\% {4} pub,)

6lg
BOTUFETOUTTINE([cdborugs’® pessen—bosug’ 2awbre™boruge]® S22° WMHILE)
2aubreThosuf = [ Le2care(2’ wawds’ [0° s22])° Brvek J
pesseLThorug = [ weacare(cnuae[x]g roef’ wawde’ [9° s2¢1)° BrNE ]
ed~hosus = [ wezcare(ed () Lowde® [0" s2¢])* KED ]

JIue2 = 2auwbre2-eacy™MIENTINgeX wab qo |2°x|

CNLAG = BESIGLCMLAG WeM(4borugz) “boruga(conus: borugz- raze[0])
]

¥ ~\coge\ze|\roAsdeL 1WIde2-LnpA (AIW)
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Fix the weird gradient

PUZP LELNLUGY 6XIf COUE @

X ~\coge\zeji\roAsdeL

@e2-LnpA (sUfL)

JPIV\2OWb 62 T6aLUINA, SA3M’ \eNAC MLIFFGU

pru\zauwbye2 eaLurud
exg® bngz /.,
ex\! bngz /N,
exe: bngz /N,

Potential
difference (V)

CNLAG = BESI6LCMLAG WeM(4horugz) “boruga(conus: borugz- raze[o])
]

3RC

[sa3* &°612]°
[\ 0°672]° & <-- qrff0
[0°T* °60T2]° % <-- BNy CNLAG £O £N6 [6LFf
e’ o612’
e -o°1310°
bosugz = [

Lowde = [-9°3" 0°3]

9 = | ETL2ECHNUK,

2oubfe2 = LE6OQ6L"LEUq(200) " 2owbfe2" fo~a

L6aqeL * L6aq(¢5082)

qo | LE6UgEL |

L1176 6xbougbapp(, * “\EJL2FCUMUK MOA, * |16 qILIOWE(EITE™))
MOAGLI[6: 1 K6aq6L " WeM(

qeL 6xg

]

6uq
6lq
cupsddeu~augrwdcag j (41

TWod6™ LLoW [ TN62(LOFOFE™aLLOACTINER) |, “\% {4} pub,)

6lg
BOTUFETOUTTINE([cdborugs’® pessen—bosug’ 2awbre™boruge]® S22° WMHILE)
2aubreThosuf = [ Le2care(2’ wawds’ [0° s22])° Brvek J
pesseLThorug = [ weacare(cnuae[x]g roef’ wawde’ [9° s2¢1)° BrNE ]
ed~hosus = [ wezcare(ed () Lowde® [0" s2¢])* KED ]

JIue2 = 2auwbre2-eacy™MIENTINgeX wab qo |2°x|

CnuAe

BESI6LLMLAG *UeM(cborug2) “borugz(conug: borugz- raze[0])

]

¥ ~\coge\ze|\roAsdeL 1WIde2-LnpA (AIW)

522’20

______I____-_1__--V°/e

Time (t)
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Fix the Jitter

@damncablbage



Fix the Jitter
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Useful bit
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Sound is a bunch of
pressure waves.

How close they are together,
and how powerful they are,
changes how it sounds.



We represent sound to
computers by chopping
it into tiny slices, and
writing down a number
for each slice.



Pictures are made on old
TVs by sweeping an
electron beam
around really quickly in a
grill-like pattern.



We can represent images to
computers to making a big grid of
humbers.

Each number is a brightness' value.
Groups of numbers instead can
mean colours and transpdarency.
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INn 1977, humans sent d
message to outer space.

An optimistic message,
showing all the brightness
and colour of the world.















