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Speech Coding

compu-
tational . ]
cost = encoding of analog signals
| |

decoding of encoded signals
e i goal: find a good trade-off
between different target values

= requirements depend on the

algo-

rithmic regarded application
latency
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Wireless Acoustic Sensor Networks

= “a next-generation technology
for audio acquisition and
processing”

= encoding by distributed, small,
cheap sensors

= decoding by a powerful central
processor

= gpplications include hearing
aids, hands-free telephony,
acoustic monitoring and
ambient intelligence
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Wireless Acoustic Sensor Networks

sound source sensors fusion center output device
limited capacity powerful

sparse
recon-
struction

analog signal low bitrate high bitrate

standard methods proposed method

low complexity
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Wireless Acoustic Sensor Networks

sound source sensors fusion center output device
limited capacity powerful

sampling,
quanti-
zation

sparse
recon-
struction

/\/\

~_ 7~

analog signal low bitrate
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high bitrate
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Outline

= Introduction

« Encoding
= Sampling
= Quantization
» Decoding
= General Approach
= Uniform Quantization
= Non-Uniform Quantization
= Algorithm

= Numerical Experiments

= Conclusion

Technische

Universitat | C. Brauer| Sparse Reconstruction of Quantized Speech Signals | Seite 5 von 23
Braunschweig




Introduction  Encoding Decoding  Numerical Experiments ~ Conclusion
Sampling Quantization

Encoding

sound source sensors fusion center output device
limited capacity powerful

sampling, sparse
quanti- recon- °
zation struction

analog signal low bitrate high bitrate
standard methods proposed method
low complexity
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Sampling  Quantization

Sampling

P
1, " » f: T — (—1,1) analog signal
f 7 — . .
| | 7 7\1\ ) t; € T equidistant points
4 f'z : v = f € (—1,1)N with f; = f(;) sampled
c signal
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Sampling  Quantization

Quantization

a(n);

Agw—1 - —

Ast = f c (—1,1)N speech signal
AZIW = Q: (=1, D)V = (=1, )N
Ay

= w € N word length

—t — t t t — +— ]
—bw—1  —l =k —h I1A PR Lyw—1
[ 1 . . .
A, Quantization Function
| an O(f)j = sign+ (fj)A/ if |fj| € I
r=- |
— LA
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Decoding

sound source sensors fusion center output device
limited capacity powerful

sampling, sparse
quanti- recon- °
zation struction

analog signal low bitrate high bitrate
standard methods proposed method
low complexity
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General Approach

= Q(f) is given
= seek to find x that approximates f

Priors
1. Q(x) = Q(f)
2. x = Va for full-rank matrix ¥ € RV*N and sparse a
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General Approach

Optimization Problem
minacrn [[alls s.t. Q(Wa) = Q(f)

= constraint has a linear reformulation
Relaxed Optimization Problem

minaeRN ”3“1 s.t. Vj (‘Pa),- € /Q(f)/.

= if Qis given, we need the intervals Iq ),
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Uniform Quantization

Q1) w=1) = wis given
L . A — 2wt
1 s = [(1—1)A, IA)
> A=A
A S h={x—Al< )
2 = Tonm, = (X — Qalf)] < 4}

Optimization Problem

Minacrn [alli st [Ya— Qa(f)]le < 5
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Uniform Quantization

Qo_s(aﬂl(w 2)
il = wis given
s A= 27w+1
“ 1 1 = [ =[(I—1)A, IA)
} } } |
1 -1 = A= (1-H)A
' s ={x—Al< 5}
1 s = oy, = {Ix—Qalf)l < 3}

Optimization Problem

Minacrn [alli st [Ya— Qa(f)]le < 5
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Uniform Quantization

00257(f)/(W 3)
7o

5 = W is given
% -+ [ ] A = 27W+1

RS I = i =1[(I—1)A,IA)
S T ea=u-ha
+ -t s ={x—AlI< %}
T -3 ] /QA =1{lx—=Qalf)l < %}

o~

Optimization Problem

Minacrn [alli st [Ya— Qa(f)]le < 5
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Non-Uniform Quantization

Cal(x)
7
= A and A, as before
" Ca:(—1,1) = (—1,1) odd,
; ' continuous and strictly
- monotonically increasing
= Qa(f) = Qa(Calf)
L1
A-law
. 1+In Al x| - 1
CA(X _ Slgn(x)m , if |X| > A

sign(x)ﬁ—l’rﬂA , else
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Non-Uniform Quantization

Qo.5(Calf))) (w=2)
1

QA(Calf))) =4
1, eCaf) eld -5 A+ 5)

f

: efi e [C1(A1=2).Ch (A1 +3))

:IAI

New Interval
Tantn; = [C4 " (Qalh; — 2. C " (Qalf); + )]
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Non-Uniform Quantization

Qo.25(Ca(f))) (w=3)
1

1 Qa(Calf)) = A
1 1, eCaf) eld -5 A+ 5)

fj

B / et elc'(A—5).Cr ' (A1+5))

:IAI

New Interval
Tantn; = [C4 " (Qalh; — 2. C " (Qalf); + )]
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Non-Uniform Quantization

A
2
= B:=C,'(Qalh) + %)

New Optimization Problem

mingern Jlalls sta<Ya<p
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Algorithm

= O ={[x—QaD] < 5}
» O ={a <x < B}

= Writing Q = Q4 and Q = Q,, respectively, we can reformulate
above problems as saddle point problems:

m|n lall1 + lo(Va) = m]erlN max lalls + (y, Ya) + I5(y)
ac ye

| C. Brauer | Sparse Reconstruction of Quantized Speech Signals | Seite 16 von 23




Introduction  Encoding Decoding  Numerical Experiments ~ Conclusion
General Approach  Uniform Quantization ~ Non-Uniform Quantization ~ Algorithm

Algorithm

Chambolle-Pock-Iteration

1 @ = prox, (@ —t¥Ty’)
22t =2at! —a
3y = proxg (¥ + ova )

= Proximal operator for convex F : RN — R:

proxyr(X) := argmin AF(y) + [|x — y||3
yeR”

» Has closed-form for t||-||1 and o/§;:
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Algorithm

proX. . 1(x]

Chambolle-Pock-lteration
1 at! = proxT||,||1 (ai—T‘PTyi) ‘ R
2 @t! — ogi+t! _ g —t T

3 yi+1 _ proxo‘l}l (yl + 0.\1]5/—0-1)

= ProXq., (@) =a— Py <o (a)
" PrXepy (y) = ProXea ., (y —oQa(f))
)

- proxo‘l}22 (y =y— :P{O'rxg-écrﬁ}(y)
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Algorithm

prox (x)

o1y,

Chambolle-Pock-lteration
1@t = prox,., (@ —t¥Ty")

2@ ' =2at" —a | | x
i+1 i i+1 /“f oBj
3y =proxg (y' +o¥aT)

" proxe)., (@) = a =Py <x)(a)
" ProXepy (y) = ProXea (y — oQalf))
- pI'OXU/;IZ (y) =y—- ?{O'Lx<~<0'f5}(y)
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Numerical Experiments

sound source sensors fusion center output device
limited capacity powerful

sampling, sparse
quanti- recon- o
zation struction

analog signal low bitrate high bitrate
standard methods proposed method
low complexity
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PESQL

= Perceptual Evaluation of Speech Quality

= standard measure for speech quality experienced by the user of a
telecommunication system

= sampled signal f is used as reference and compared to
reconstructed signal x

= compared PESQL of our reconstructions to the PESQL of standard
reconstructions Qa (f) and C, ' (Qa(f))

= results for w = 2, ..., 8 averaged over 720 speech signals from
IEEE database
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PESQL

PESQL

S/ —e— non-uniform: proposed method
; // —e— non-uniform: standard method
—e— uniform: proposed method
' —e— uniform: standard method
| | | T T
2 3 4 5 6 7 8
word length
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Conclusion

= in Wireless Acoustic Sensor Networks, computational and power
capacities are distributed asymmetrically between sensors and
fusion center

= therefore, the proposed method features low encoding complexity
and low datarate

= suitable sparsity priors and convex optimization can increase the
percepted speech quality compared to standard methods

= real-time implementation is possible
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Questions

Thank You for Your attention!

Slides available under https://www.tu-braunschweig.de/iaa/personal/brauer.
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