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Introduction to Coding Tecnhiques

o Lossless Coding: invertible (no loss of information)
exploit variable-length coding

compression ratio small

o Lossy Coding: not invertible (loss of information)
main idea is quantization
-minimum rate for a given distortion

-minimum distortion given the rate
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LBG: Algorithm with pdf unknown

1) Inizialization: given T, codebook{y( ), . (0)} n=1,D0=0w, >0

Where T is the training set, D s the initial distortion and & a termination threshold

2) Optimal partitioning: (Nearest Neighbour Condition):

IV = {x € T such that |lx - y/" V1 < lIx-y{" V15, i #jL i=1..K

(rv - X
' lm 2:

xfl

3) New codebook (Centroid Condition):

4) Total distortion: " 1 2
D™ = — ) |Ix-0)ll5,
71 Z; ceoll

pm-1)_pm)

5) If o0 < € then stop,

elsen < n + 1 and go to step 2
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LBG: Discussion

o No guarantee of a global minimum of the distortion (local minima are possible)
—> it depends on the initial codebook

o Codebook initialization: splitting technique

* VQ with a single output point = average value of the entire training set
e 2-level VQ adding and removing a perturbation = 0.1 to the codevectors
* Iteration until the number of codevectors is K

o Termination threshold set to: € = 0.1
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Application: Audio Coding
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Results: L=2, mono, training=Casta Diva

Audio name L K fl tsample SNRg4g || K ft t/sample SNRgp
- | Casta Diva 2 |2 0.5 2.8725 4 1 7.4876
~ | Cello 2 |2 0.5 2.6925 4 1 7.3330
| Early in the Morning | 2 | 2 0.5 0.8704 4 1 5.6790
| Guitar 2 |2 0.5 -1.8154 || 4 1 4.3871
| Man Voice 2 |2 0.5 1.4508 4 1 3.2558
~ | Stairway to Heaven |2 |2 0.5 -1.9086 || 4 1 4.5466
| Woman Voice 2 |2 0.5 1.3290 4 1 6.1607
- | Casta Diva 2 |8 1.5 129501 || 16 |2 17.8592
“[ | Cello 2 |8 1.5 12.5083 || 16 |2 17.6690
| Early in the Morning | 2 | 8 1.5 10.0789 || 16 |2 13.4206
Guitar 2 |8 1.5 10.2144 || 16 |2 15.5869
| Man Voice 2 |8 1.5 49777 16 |2 6.1117
| | Stairway to Heaven |2 | 8 1.5 10.0850 ||| 16 |2 15.3314
© | Woman Voice 2 |8 1.5 10.3523 || 16 |2 13.1654
~| | Casta Diva 2 |32 |25 219642 || 64 |3 24.6008
~| | Cello 2 32 |25 22.0293 || 64 |3 24.9176
| | Early in the Morning | 2 | 32 | 2.5 15.7615 || 64 |3 17.2942
| | Guitar 2 32 |25 19.3825 || 64 |3 21.2062
| Man Voice 2 32 |25 6.9639 64 |3 7.6450
© | Stairway to Heaven |2 |32 |25 19.2954 || 64 |3 21.2993
- | Woman Voice 2 32 |25 14.6991 || 64 |3 15.4456
Casta Diva 2 | 128 | 35 25.9558 ||| 256 | 4 29.6845
| Cello 2 | 128 | 35 26.5651 || 256 | 4 29.8972
| Early in the Morning | 2 | 128 | 3.5 18.6354 ||| 256 | 4 21.1628
|| Guitar 2 | 128 | 35 21.8688 || 256 | 4 23.9498
- | Man Voice 2 | 128 | 35 8.4725 256 | 4 9.4948
| Stairway to Heaven |2 | 128 | 3.5 22.0431 ||| 256 | 4 25.8277
| Woman Voice 2 | 128 | 35 15.9338 ||| 256 | 4 17.2472
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v" As K increases, SNR increases, but
also R increases (can be heard)

v’ Casta Diva’s SNR is generally
greater than the others

v" Anomaly: Cello
Why?
-var(Cello) ~ 2 var(Casta Diva)
-samples of Cello closer to the
codevectors in mean sense

Umberto Michieli



Results: L=2, mono, training=Casta Diva

Rate-SNR Curves, each us
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Can match the points
with the table

Casta Diva’s SNR is
generally greater
than the others

Anomaly: Cello
Man voice cannot be

well-represented by a
woman singing opera

Umberto Michieli



Results: L=2, mono, training=Cello

Audio name L K bit/sample SNR4s ||| K bit/sample SNR4p
Casta Diva 2 |2 0.5 2.7077 4 1 6.6342
Cello 2 |2 0.5 3.2137 4 1 7.7372
Early in the Morning | 2 | 2 0.5 1.4590 4 1 5.0890
Guitar 2 (2 0.5 0.1748 4 1 5.7820
Man Voice 2 |2 0.5 1.1689 4 1 2.5618
Stairway to Heaven |2 |2 0.5 0.2545 4 1 5.5669
Woman Voice 2 |2 0.5 1.7495 4 1 5.6956
Casta Diva 2 |8 1.5 11.1257 ||| 16 |2 15.3945
Cello 2 |8 1.5 129817 || 16 |2 17.9830
Early in the Morning | 2 | 8 1.5 8.5180 16 |2 11.2798
Guitar 2 |8 L5 11.5700 ||| 16 |2 16.0306
Man Voice 2 |8 1.5 3.9304 16 |2 5.0097
Stairway to Heaven |2 | 8 1.5 11.0800 || 16 |2 16.0756
Woman Voice 2 |8 1.5 9.2422 16 |2 11.7660
Casta Diva 2 32 |25 19.4903 ||| 64 | 3 22.4511
Cello 2 |32 |25 22.6010 |64 |3 25.2899
Early in the Morning | 2 | 32 | 2.5 13.8465 ||| 64 |3 15.9999
Guitar 2 |32 |25 19.2470 ||| 64 | 3 21.0405
Man Voice 2 |32 |25 6.0507 64 |3 7.0455
Stairway to Heaven |2 |32 | 2.5 19.6404 || 64 |3 21.4372
Woman Voice 2 |32 |25 13.5712 ||| 64 | 3 14.6455
Casta Diva 2 | 128 | 35 24.9918 ||| 256 | 4 28.3792
Cello 2 | 128 | 35 27.2407 ||| 256 | 4 30.3643
Early in the Morning | 2 | 128 | 3.5 17.6436 ||| 256 | 4 19.8987
Guitar 2 | 128 | 35 21.7530 ||| 256 | 4 23.4265
Man Voice 2 | 128 | 35 7.9044 256 | 4 8.9703
Stairway to Heaven |2 | 128 | 3.5 22.1617 ||| 256 | 4 25.6822
Woman Voice 2 | 128 | 35 15.3736 ||| 256 | 4 16.5595
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v SNR for Cello slightly
higher than Casta Diva

v SNR for Cello slightly
higher than before
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Results: L=2, mono, training=Cello

Rate-SNR Curves, each using "Cello" as training set, L=2.
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v SNR for Cello slightly

higher than Casta Diva

v SNR for Cello slightly

higher than before
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Results: L=2, mono, training=itself

Rate-SNR Curves, each using itself as training set, L=2.
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- Need to transmit
the codebook

v’ Every SNR-curve
has been pulled

up
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Results: L=2, mono, training=itself D Shoon
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Results: L=2, mono, training=Mixed1 @

Mixed1 is composed by pieces of audio of the signals to code

s/ DI PADOVA

G5

. R R

Audioname | L | K bit/sample SNR4p ||| K bit/sample SNRg4B
CastaDiva |2 |2 0.5 2.8727 4 1 6.8856

Cello 2 |2 0.5 2.8653 4 1 7.5375

CastaDiva |2 | 8 1.5 11.3703 ||| 16 | 2 16.0073
Cello 2 |8 1.5 12.9574 ||| 16 | 2 17.8324
CastaDiva |2 |32 |25 21.9401 ||| 64 |3 24.4505
Cello 2 |32 |25 22.1432 ||| 64 |3 24.9786
CastaDiva |2 | 128 | 3.5 25.8274 ||| 256 | 4 28.9885
Cello 2 | 128 | 3.5 26.8690 ||| 256 | 4 29.9532

Values very similar as before = does it depend on Mixed1?

Umberto Michieli
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Results: L=2, mono, training=Mixed2 S oiPaon

Mixed2 is composed using various pieces of audios

. R R

Audioname | L | K bit/sample SNR4g || K bit/sample SNR4p
CastaDiva |2 | 2 0.5 2.8169 4 1 7.6483

Cello 2 |2 0.5 2.7231 4 1 6.9820

CastaDiva |2 |8 1.5 12.8583 || 16 |2 16.8728
Cello 2 |8 1.5 11.4365 ||| 16 | 2 17.4632
CastaDiva |2 |32 |25 21.8694 || 64 |3 24.4505
Cello 2 |32 |25 22.3214 || 64 |3 24.6318
CastaDiva |2 | 128 | 3.5 25.7687 || 256 | 4 29.0794
Cello 2 | 128 | 3.5 27.0243 ||| 256 | 4 29.8523

Values very similar as before = the distortion introduced by the LBG mostly depends on the
input audio, not on the training set (unless the signal itself is used)

Umberto Michieli 14
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Results: L=2, mono, training=Casta Diva o
Audioname | L | € K e SNRyg || € K e SNR4p
bit/sample bit/sample Up tonow: ¢ = 0.1

CastaDiva |2 | 0.001 |2 |05 30152 |/ 00052 |05 2.8725
CastaDiva |2 | 0001 | 4 |1 7.9870 || 0.005 |4 |1 7.8220
CastaDiva |2 | 0.001 |8 | 1.5 13.5375 || 0.005 | 8 | 1.5 13.4462
CastaDiva |2 | 0.001 |16 |2 18.6041 ||| 0.005 | 16 |2 18.5171 v As € decreases
CastaDiva |2 | 0.001 | 32 | 2.5 22.7208 || 0.005 | 32 | 2.5 225921 :
CastaDiva |2 | 0.001 | 64 |3 25.2944 || 0.005 | 64 | 3 25.0320 the SNRincreases
CastaDiva |2 | 0.001 | 128 | 3.5 27.9557 || 0.005 | 128 | 3.5 27.8786 (closer to the

[ CastaDiva |2 | 0.001 | 256 | 4 30.6781 || 0.005 | 256 | 4 30.6668 | codevectors)
CastaDiva |2 |00l |2 |05 2.8725 || 005 |2 |05 2.8725
CastaDiva |2 | 001 |4 |1 77854 || 005 |4 |1 7.4876
CastaDiva |2 | 001 |8 |15 133882 || 0.05 |8 |15 12.9501
CastaDiva |2 | 001 |16 |2 184178 || 0.05 | 16 |2 17.8592 As € decreas'es
CastaDiva |2 | 001 |32 |25 225019 || 0.05 |32 |25 21.9642 the complexity
CastaDiva |2 | 001 |64 |3 24.9349 | 0.05 |64 |3 24.6008 increases (more
CastaDiva |2 | 0.01 | 128 | 3.5 27.7758 || 0.05 | 128 | 3.5 27.3036 : ,

| CastaDiva |2 | 001 |256 |4 30.5321 || 0.05 | 256 | 4 30.1607 | iterations)

CastaDiva |2 |01 |2 |05 28725 [[02 |2 |05 2.8725
CastaDiva |2 |01 |4 |1 74876 || 02 |4 |1 7.0128
CastaDiva |2 |01 |8 |15 129501 [ 02 |8 |15 11.8937
CastaDiva |2 |01 |16 |2 178592 [ 02 |16 |2 16.9363
CastaDiva |2 | 0.1 |32 |25 219642 [ 02 |32 |25 212211
CastaDiva |2 | 0.1 |64 |3 24.6008 || 02 |64 |3 24.1435
CastaDiva |2 | 0.1 | 128 | 3.5 259558 || 02 | 128 | 3.5 25.7855

 [CastaDiva |2 |01 |256 |4 20.6845 || 02 | 256 | 4 29.0137

Umberto Michieli 15



e 82\  UNIVERSITA

=] DEGLI STUDI
oS/ DI PADOVA

Results: L=2, mono, training=Casta Diva

What about the anomaly of Cello?

Audioname | L | ¢ | K fit/samp | SNRas | e K Z, dsample | SNED
CastaDiva |2 | 0001 |2 |05 30152 | 0001 |4 |1 7.9870
CastaDiva |2 | 0001 |8 |15 13.5375 || 0.001 | 16 | 2 18.6041
CastaDiva |2 | 0001 | 32 | 2.5 227208 | 0.001 | 64 | 3 252944
CastaDiva | 2 | 0.001 | 128 | 3.5 27.9557 || 0.001 | 256 | 4 30.6781
Cello 2 100012 |05 26925 || 0.001 |4 |1 7.2349
Cello 2 100018 |15 12.5054 || 0.001 | 16 | 2 17.8662
Cello 2 1000132 |25 22.3379 | 0.001 | 64 | 3 253148
Cello 2 0001 | 128 | 35 27.5530 || 0.001 | 256 | 4 30.2206

Now Cello has an higher SNR than Casta Diva, as it should be

Umberto Michieli 16



Results: L=4, mono, training=Casta Diva

Audio name L | K bit/sample SNR4s ||| K bit/sample SNR4g
Casta Diva 4 |2 0.25 2.8399 4 0.5 7.3190
Cello 4 |2 0.25 2.6684 4 0.5 7.2046
Early in the Morning | 4 | 2 0.25 0.8327 4 0.5 5.4771
Guitar 4 |2 0.25 -1.8102 ||| 4 0.5 4.2824
Man Voice 4 |2 0.25 1.4270 4 0.5 3.1842
Stairway to Heaven |4 |2 0.25 -1.9352 ||| 4 0.5 4.3565
Woman Voice 4 |2 0.25 1.0949 4 0.5 5.5637
Casta Diva 4 |8 0.75 119330 || 16 |1 15.8205
Cello 4 |8 0.75 11.8217 || 16 |1 16.1003
Early in the Morning | 4 | 8 0.75 9.1571 16 |1 11.8981
Guitar 4 |8 0.75 9.7466 16 |1 13.8769
Man Voice 4 |8 0.75 4.6066 16 |1 5.7378
Stairway to Heaven |4 | 8 0.75 9.2433 16 |1 13.1278
Woman Voice 4 |8 0.75 8.6132 16 |1 10.3795
Casta Diva 4 |32 | 125 18.1372 || 64 | 1.5 20.3176
Cello 4 |32 | 125 18.7415 ||| 64 | 1.5 20.6696
Early in the Morning | 4 | 32 | 1.25 13.5667 ||| 64 | 1.5 15.1475
Guitar 4 |32 |1.25 15.8934 || 64 | 1.5 16.4440
Man Voice 4 |32 |1.25 6.5727 64 | 1.5 7.4134
Stairway to Heaven |4 |32 | 1.25 149810 || 64 | 1.5 16.3370
Woman Voice 4 |32 | 125 11.1671 ||| 64 | 1.5 11.9884
Casta Diva 4 | 128 | 1.75 23.3185 || 256 | 2 26.2502
Cello 4 | 128 | 1.75 23.4501 ||| 256 | 2 26.2850
Early in the Morning | 4 | 128 | 1.75 16.9731 ||| 256 | 2 18.4212
Guitar 4 | 128 | 1.75 18.6718 ||| 256 | 2 20.2897
Man Voice 4 | 128 | 1.75 8.2594 256 | 2 9.2166
Stairway to Heaven |4 | 128 | 1.75 19.2748 ||| 256 | 2 21.6565
Woman Voice 4 | 128 | 1.75 12.9532 ||| 256 | 2 13.9245
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At the same K as in L=2 we have:

v" Lower rate

- Lower SNR

Umberto Michieli
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Results: L=4, mono, training=Cast o1 Pano
Audio name L K fit/sample SNRy | K fit/sample SNRy5 Audio name L K fwsample SNRys || K fi sampte | SNRaB

" | CastaDiva 202 |05 28725 |4 |1 74876 | | CastaDiva 4 (2 1025 28399 |4 |05 73190 |
[ Cello 212 |05 2695 [[4 |1 73330 | - [Cello 4 12 1025 26684 |4 105 72046 |
Early in the Morning | 2 |2 | 0.5 08704 |4 |1 56790 | | Earlyinthe Morning {4 |2 | 025 08327 || 4 05 SATI1 |
Guitar 212 |05 18154 [[4 11 43871 | | Guitar 412 1025 -1.8102 [ 4 |05 4284 |-
Man Voice 212 |05 14508 |4 |1 32558 | -/ | Man Voice 412 1025 14270 [[4 |05 31842 |
Stairway to Heaven |2 |2 |05 -1.9086 || 4 |1 45466 | - || Stairwayto Heaven |4 |2 |025 -19352 (|4 |05 43565 |
Woman Voice 212 05 13200 [[4 1 61607 | | Woman Voice 412 1025 10949 [[4 05 55637 |
Casta Diva 2 (8 [15 129501 [ 16 |2 178592 | [ CastaDiva 418 [075 119330 [[ 16 [1 158205 |
2|8 |15 125083 || 16 |2 176690 | [Cello 418 1075 11.8217 [[ 16 |1 16.1003 |
Early in the Morning [ 2 |8 | 15 10.0789 | 16 |2 134206 | -~ | [EarlyintheMorning | 4 |8 | 0.75 91571 |16 |1 118981 |
Guitar 218 |15 102144 |16 | 2 155869 | | Guitar 48 [075 9.7466 || 16 |1 13.8769 |
Man Voice 2 18 |15 49111 |16 |2 61117 |~ [ Man Voice 418 1075 46066 |16 |1 573718 |
Stairway to Heaven |2 |8 |15 10.0850 | 16 |2 153314 | [ StairwaytoHeaven |4 |8 |0.75 92433 (|16 |1 13.1278 |
| Woman Voice 2 |8 |15 103523 || 16 |2 13.1654 | | Woman Voice 418 [075 86132 |16 |1 103795 |
- | Casta Diva 23 125 21.9642 | 64 |3 246008 | | [CastaDiva 4 [32 125 18.1372 [[ 64 |15 203176 |
| Cello 2 (32 |25 220293 || 64 |3 249176 | [ Cello 4 132 125 187415 || 64 | 1.5 20.6696 |
| Early in the Morning | 2 | 32 | 2.5 157615 || 64 |3 172942 | - | Early in the Morning | 4 |32 | 1.25 13.5667 | 64 | 1.5 15.1475 |
| Guitar 2 132 |25 19.3825 || 64 |3 212062 | -~ | Guitar 4 132 125 158934 || 64 | 1.5 16.4440 |
| Man Voice 2 132 |25 69639 | 64 |3 76450 | [ Man Voice 4 (32 [125 65727 || 64 |15 74134 ||
Stairway to Heaven |2 |32 | 2.5 19.2954 || 64 |3 212993 | Stairway to Heaven |4 |32 [ 1.25 14.9810 (| 64 | 1.5 163370 |
Woman Voice 2 3% 25 146991 || 64 |3 15445 | [ Woman Voice 4 (32 [125 11.1671 [[ 64 |15 11.9884 |«
Casta Diva 2 12835 259558 | 256 4 296845 | | [CastaDiva 4 [128]175 23.3185 || 256 | 2 262502 ||
Cello 2 12835 26.5651 || 256 | 4 2982 . [Cello 4 128175 234501 || 256 | 2 262850 | -

|- | Early in the Morning | 2 | 128 | 3.5 18.6354 | 256 | 4 211628 | [Early in the Morning | 4 | 128 | 1.75 169731 || 256 | 2 184212 |
' | Guitar 2 128135 21.8688 | 256 | 4 29498 | [ Guitar 4 (128175 18.6718 || 256 | 2 202897 |
Man Voice 2 | 18]35 84725 ] 256 | 4 94948 | - 'Man Voice 4 128175 82594 || 256 | 2 92166 |
| Stairway to Heaven |2 | 128 | 35 220431 ] 256 | 4 25.8217 | Stairway to Heaven |4 | 128 | 1.75 19.2748 || 256 | 2 216565 |
| Woman Voice 2 |128135 15.9338 | 256 | 4 17.2472 [ Woman Voice 4 18175 12.9532 | 256 | 2 139245 |

Umberto Michieli
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Results: L=4, mono, training=itself

Rate-SNR Curves, each using itself as training set, L=4.
T
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Results: L=2, double, training=Casta Diva

Audioname | L | K Ib?zt /sample SNRgs ||| K Z t/sample SNRg4B
| CastaDiva |2 |2 1 2.8811 4 2 7.5323 |
| CastaDiva |2 |8 3 13.1352 ||| 16 | 4 18.4770 |
| CastaDiva |2 [32 |5 23.7996 || 64 | 6 289906 |
| CastaDiva |2 | 128 | 7 34.2952 ||| 256 | 8 39.9759 |

o Trying to exploit the correlation between the two channels

o Values higher than before

o Rates are doubled because 2 channels
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Results: L=2, double, training=itself

Rate-SNR Curves, each using itself as training set, L=2, double channel.
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Some signals not
improved because
correlation between the
channels is low
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Summary

* Intro to coding techniques
* Vector Quantization
e LBG algorithm

* LBG applications:

- L=2, mono, training with one audio or with the audio itself or
with mixed audios

- L=2, double, training with one audio or with the audio itself

- L=4, mono, training with one audio or with the audio itself
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