Stefan Daschek / @noniqg

Decoding AFSK Data

(Ruby Enumerators edition)
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Initial Sync Data sync Data Sync
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[ MMSSMSMMSSMSMSMMS SML
w1 0 0 10 0 0 1 0 =

MSB  PARITY

10001001 .to i(2)
MSB => 145



Enumerator.new



Enumerator.new

data = Enumerator.new do |yielder|
(1..Float::INFINITY).each do |i]
yielder << 1
end
end



(- https://ruby-operators.herokuapp.com/

stargs

tide Ruby Operators

octothorpe

skull tag

bang
crab claws
curly

paren

bracket shovel

Pivia # see operator overloading of << for 'container' objects built
up repeatedly with 'contents'
class Train
constellation attr_reader :name, :list_of_coaches

equalike def initialize(name)
@name = name
hat @list_of _coaches = []
end
pretzel
def <<(coach)
whack @list_of_coaches << coach




Enumerator.new

data = Enumerator.new do |yielder|
(1..Float::INFINITY).each do |i]
yielder << 1
end
end



Enumerator.new

data = Enumerator.new do |yielder|
(1..Float::INFINITY).each do |i]
yielder << 1
end
end

data.next # => 1



Enumerator.new

data = Enumerator.new do |yielder|
(1..Float::INFINITY).each do |i]
yielder << 1
end
end

data.next # => 1
data.next # => 2



Enumerator.new

data = Enumerator.new do |yielder|
(1..Float::INFINITY).each do |i]
yielder << 1

end
end
data.next # => 1
data.next # => 2

data.next # => 3



Enumerator.new Enumerable

#all?
#any?
#chunk
data = Enumerator.new do |yielder| #chunk while
(1..Float::INFINITY).each do |i| #collect
yielder << i #collect_concat
end #count
end #cycle
#detect
#drop
#drop_while
data.next #=>1 #each cons
data.next # => 2 #each_entry
data.next # => 3 #each_slice

#each_with_index
#each_with_object
#entries

#find

#find_ all
#ind_index

#[rst

#flal_map

#Orep



Enumerator.new Enumerable

#all?
#any?
#chunk
data = Enumerator.new do |yielder| #chunk while
(1..Float::INFINITY).each do |i| #collect
yielder << 1 #collect_concat
end #count
end #cycle
#detect
#drop
#drop_while
data.next # => 1 - i
#each cons
data.next # => 2 #each_entry
data.next # => 3 #each_slice
data.take(5) # == [1, 2, 3, 4, 5] #each_with_index

#each_with_object
#entries

#find

#find_ all
#ind_index

#[rst

#flal_map

#Orep



Enumerator.new Enumerable

#all?
#any?
#chunk
data = Enumerator.new do |yielder| #chunk while
(1..Float::INFINITY).each do |i| #collect
yielder << 1 #collect_concat
end #count
end #cycle
#detect
#drop
#drop_while
data.next # => 1 - i
#each cons
data.next # => 2 #each_entry
data.next # => 3 #each_slice
data.take(5) # == [1, 2, 3, 4, 5] #each_with_index
data.next # => 4 #each_with_object

#entries
#find
#find_ all
#ind_index
#[rst

#{lal_map

#Orep



Enumerator, improved



Enumerator, improved

class DataStream
include Enumerable

def initialize(&block)
@enum = Enumerator.new(&block)
end

def each
Lloop do
yield self.next
end
end

def next
@enum.next
end
end



Enumerator, improved

class DataStream

include Enumerable all those nice methods for free!

def initialize(&block)
@enum = Enumerator.new(&block)
end

def each
Lloop do
yield self.next
end
end

def next
@enum.next
end
end



Enumerator, improved

class DataStream

include Enumerable all those nice methods for free!

def initialize(&block)
@enum = Enumerator.new(&block)
end

def each makes ‘include Enumerable’ work
Lloop do

yield self.next
end
end

def next
@enum.next
end
end



DataStream vs. Enumerator



DataStream vs. Enumerator

data = DataStream.new do |yielder|
(1..Float::INFINITY).each do |i]
yielder << 1
end
end



DataStream vs. Enumerator

data = DataStream.new do |yielder|
(1..Float::INFINITY).each do |i]
yielder << 1

end
end
data.next =>
data.next =>
data.next

data.take(5)
data.next
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DataStream vs. Enumerator

data = DataStream.new do |yielder|
(1..Float::INFINITY).each do |i]
yielder << 1

end
end
data.next =>
data.next =>
data.next

data.take(5)
data.next

4, 5, 6, 7, 8] h
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Prepare to debug all the things!

class DataStream
include Enumerable
attr_reader :position

def initialize(&block)
@enum = Enumerator.new(&block)
@position = 0

end

def each
Lloop do
yield self.next
end
end

def next
@position +=1
@enum.next
end
end



Let's read those samples



Let's read those samples

samples = DataStream.new do |yielder|

WaveFile: :Reader.new('sampledata.wav').each_buffer(65_536) do |buffer|
buffer.samples.each do |sample|
yielder << sample
end
end
end



Let's read those samples

samples = DataStream.new do |yielder|

WaveFile: :Reader.new('sampledata.wav').each_buffer(65_536) do |buffer|
buffer.samples.each do |sample|
yielder << sample
end
end
end

samples.take(8)
# => [-479, -671, -500, -741, -579, -607, -681, -636]
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0 N7 2048 4096 6144

datasette.wav

255 312 v 768

wdalasetle. way
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0 N7 2048 4096 6144

datasette. wav

255 512 670’\7 768
32.767

16.384

-16.384

-32.768
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Pulse detection

pulse_width = 0
samples.each_cons(2) do |a, b]
pulse_width += 1
ifa>=04&b <0
puts "Found a pulse (ending at #{samples.position})!"
pulse_width = 0
end
end



Pulse detection

pulse_width =
samples.each_cons(2) do |a, b]
pulse_width += 1
ifa>=04&b <0
puts "Found a pulse (ending at #{samples.position})!"
pulse_width = 0
end
end



Pulse detection, fixed




Pulse detection, fixed

Not pulses, but noise ...




Pulse detection, fixed

Not pulses, but noise ...

EDGE_THRESHOLD = 2000

a — b > EDGE_THRESHOLD



Pulse detection, fixed

Not pulses, but noise ...

OISR L MEEEPLIIA . value determined by thorough experimentation™.

* guessing
a — b > EDGE_THRESHOLD



Another DataStream!



Another DataStream!

pulse_widths = DataStream.new do |yielder|
pulse _width = 0
samples.each_cons(2) do |a, b]
pulse_width += 1
if a — b > EDGE_THRESHOLD && a >= 0 & b < 0
yielder << pulse_width
pulse_width = 0
end
end
end



Another DataStream!

pulse_widths = DataStream.new do |ylelder|
pulse _width = 0
samples.each_cons(2) do |a, b]
pulse_width += 1
if a — b > EDGE_THRESHOLD && a >= 0 & b < 0
yielder << pulse_width
pulse_width = 0
end
end
end

pulse widths.take(10)
# => [964, 17, 17, 17, 18, 17, 18, 17, 18, 18]



Another DataStream!

pulse_widths = DataStream.new do |ylelder|

yielder << pulse_width

pulse widths.take(10)
# = [964, 17, 17, 17, 18, 17, 18, 17, 18, 18]



Another DataStream!

pulse_widths = DataStream.new do |yielder|

pulse widths.take(10)




Another DataStream!

pulse_widths = DataStream.new do |yielder|

pulse widths.take(10)



Detecting the actual pulse widths



Detecting the actual pulse widths

Block Block Block

Initial Sync Data Sync Data sync



Detecting the actual pulse widths

Block Block Block

Initial Sync Data Sync Data sync

Very very many short pulses (only)




Detecting the actual pulse widths

Block Block Block

Initial Sync Data Sync Data sync

Very very many short pulses (only)

# [964, 17, 17, 17, 18, 17, 18, 17, 18, 18]



Detecting the actual pulse widths

Block Block Block

Initial Sync Data Sync Data sync

Very very many short pulses (only)

# [964, 17, 17, 17, 18, 17, 18, 17, 18, 18]
pulse widths.take(100).inject(:+) / 100.0 # => 26.79 (average)



Detecting the actual pulse widths

Block Block Block

Initial Sync Data Sync Data sync

Very very many short pulses (only)

# [964, 17, 17, 17, 18, 17, 18, 17, 18, 18]
pulse widths.take(100).inject(:+) / 100.0 # => 26.79 (average)
pulse_widths.take(100).sort[50] # => 17 (median)



Detecting the actual pulse widths

Block Block Block

Initial Sync Data Sync Data sync

Very very many short pulses (only)

# [964, 17, 17, 17, 18, 17, 18, 17, 18, 18]

pulse_widths.take(100).sort[50] # => 17 (median)



Classifying pulse widths



Classifying pulse widths

short_pulse_width = pulse widths.take(100).sort[50]

OVERSHOOT_FACTOR = 1.1

pulse width_thresholds = {
'S'" => short_pulse_width x OVERSHOOT_FACTOR,
'M' => short_pulse_width *x OVERSHOOT_FACTOR x 1.4,
'L' => short_pulse_width x OVERSHOOT_FACTOR * 1.9,

pulse classifier = —>(width) do
pulse_width_thresholds.each do |type, expected_width]
return type 1f width < expected_width
end
return "?(#{width})"
end



Decoding pulses (DataStream, again!)



Decoding pulses (DataStream, again!)

pulse classifier = —>(width) do
pulse_width_thresholds.each do |type, expected_width|
return type 1if width < expected width
end
return "?(#{width})"
end

decoded_pulses = DataStream.new do |yielder]|
pulse_widths.each do |width]|
yielder << pulse_classifier.call(width)
end
end



Decoding pulses (DataStream, again!)

pulse classifier = —>(width) do
pulse_width_thresholds.each do |type, expected_width|
return type 1if width < expected width
end
return "?(#{width})"
end

decoded_pulses = DataStream.new do |yielder]|
pulse_widths.each do |width]|
yielder << pulse_classifier.call(width)
end
end

decoded _pulses.take(10)
# => [IISII’ IISII’ IISII’ IISII’ IISII’ IISII’ IISII’ IISII’ IISII’ IISII]
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Finding the start of a block

VR A58 T A A UrA A

LMMSSMSMMSSMSMSMMS SML

Start of Start
Byte Byte

decoded_pulses.take_while{ |type| type !'= 'L' }

unless decoded pulses.next == "M’

raise "Expected M at #{samples.position}"
end



Decoding bytes (almost)



Decoding bytes (almost)

bytes = DataStream.new do |yielder|

bits = []
decoded_pulses.each_slice(2) do |a, b]
if a == 'S" & b == 'M'
bits << 0
elsif a == 'M' & b == 'S'
bits << 1
elsif a == 'L' & b == 'M'
# [ .. here we will decode a single byte .. ]
else
raise "Read error: #{a} #{b} at #{samples.position}"
end
end

end



Decoding bytes (almost)

bytes = DataStream. do |yielder|
bits = []

decoded_pulses.each_slice(2) do |a, b]

if a =="'S' & b == 'M'
bits << 0
elsif a == 'M' & b == 'S'
bits << 1
elsif a == 'L' & b == 'M'
# [ .. here we will decode a single byte .. ]
else
raise "Read error: #{a} #{b} at #{samples.position}"
end
end

end



Decoding bytes (finally!)



Decoding bytes (finally!)

unless bits.size ==
raise "Read error: Wrong number of bits at #{samples.position}"

end

parity = bits.pop
parity_ok = bits.count(1l).even? && parity == 1 ||
bits.count(1).o0dd? && parity ==
unless parity_ok
raise "Read error: Incorrect parity at #{samples.position}"
end

byte = bits.reverse.map(&:to_s).join.to_i(2)
yielder << byte

bits = []



Decoding bytes (finally!)



Decoding bytes (finally!)

bytes.take(10)
# => [137, 136, 135, 134, 133, 132, 131, 130, 129, 4]



Decoding bytes (finally!)

bytes.take(10)

SUCCESS!




It's yustes all the way down!
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It's yustes all the way down!

DataStreams

samples = DataStream.new do ..

Tom,



It's yustes all the way down!

DataStreams

pulse widths = DataStream.new do ..

samples = DataStream.new do ..



It's ysttes all the way down!

DataStreams

decoded _pulses = DataStream.new do ..




It's yusttes all the way down!

DataStreams

bytes = DataStream.new do ..
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Advantage: “Lazy Reading”

samples = DataStream.new do |yielder|
WaveFile: :Reader.new('sampledata.wav').each_buffer(65_536) do |buffer|
$logger.debug "Reading 64k Block"
buffer.samples.each do |sample|
yielder << sample
end
end
end



Advantage: “Lazy Reading”



Advantage: “Lazy Reading”

D: Reading 64k Block

I:
I:

I: Start parsing block at 2699
D: Reading 64k Block
D: Reading 64k Block
D: Reading 64k Block
D: Reading 64k Block

I:

D: Reading 64k Block
D: Reading 64k Block
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Determined short pulse width: 17 )
Pulse width thresholds: {"S"=>18.700000000000003, "M"=>26.180000000000003,
"L"=>35.53}
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I: Successfully decoded a data block!
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Advantage: “Lazy Reading”

D: Reading 64k Block
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Advantage: “Lazy Reading”
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