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Work groups:

@ Mathematics and Signal Processing in Acoustics
Time-frequency representation of signals and systems, adaptive and
adapted representation, e.g. ERBlets, frame theory, ....

@ Acoustic Phonetics
Speaker identification, Language Varieties, Austrian German, ....

@ Psychoacoustics and Audiological Acoustics
Binaural Hearing, Sound Localization, HRTFs, Cochlea Implants,
Psychoacoustic Masking, ....

@ Physical and Computational Acoustics
Finite / Boundary Element Methods, Fast Multipole Method, Modal
Analysis, Beam Forming, Acoustic Holography, Noise Barriers, ....

@ Software Development
ST, LTFAT, AMT, ....

@ Laboratory
two small, one big semi-anechoic rooms, interface for cochlea implants,
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Gabor transform  OAW
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Reconstruction QAW

Gabor synthesis

For a coefficient sequence ¢ € ¢*(Z), Gabor synthesis is performed by
applying the conjugate transpose of G to c.

fsyn[l] = (G*C)[l] = Zc[m + nM]g[l — na]eZﬂiml/M.

m,n

The concatenation S = G*G is called the frame operator.

Modified spectrogram
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Dual window

@ Perfect reconstruction can be achieved using the Gabor synthesis
operator using a dual window.

= (Gl =D {f, gma)man-
@ The most common dual window is the canonical dual window defined
byg=S""g.
@ Redundant Gabor frames admit infinitely many dual frames of the form
G(h,a,M). They are characterized by the Wexler-Raz relations.

o Synthesis window o Synthesis window 2
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ia for dual windows

@ Compactly supported (FIR window)

@ Localized in time (smooth in frequency)

@ Localized in frequency (smooth in time)

@ Similar to a prespecified function

° ..
The canonical dual may not always satisfy the (application
specific) criteria.
Our approach: Associate mathematical objective functions

and constraints with each desired criterion, and design a dual
window via convex optimization.
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Jefining the problem

We transform our requirements into a convex optimization
problem of the form:

K
h = argmin Z Aifi(x) +ic(x)
)CERL i=1
with
@ C the set of windows satisfying our constraints. This set
need to be non empty and convex.
@ f; € To(RE) selected regularization functions that promote
certain properties.

@ )\; weights chosen in order to balance the different
properties called regularizers.
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)n function examples

| Function | Effect on the signal

||x[ 1 sparse representation in time
| Fx||1 sparse representation in frequency
V|2 smoothen the §ignal intime /
2 concentrate in frequency
smoothen in frequency /
IV Fx3 concentrate ig timey
[ x]|3 spread values more evenly
|x — gll5 | makes x close to gy
||| s, Concentrate x in time and frequency
ic(x) forcexeC
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Constraint examples  9AW

@ Duality: satisfy the Wexler-Raz equations
@ Support: be an FIR window
@ Tight: produce a tight frame

The indicative function ic(x) allows to insert the constraint into
the problem.
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exler-Raz equations

Wexler-Raz relations [Wexler and Raz, 1990]
Two Gabor systems G(g,a,M), G(h,a,M) are dual iff

%4 (h, gl = M)/ = 3ln3lm],

form=0,...a—1, n€Z.

AW

They can also be stated as

a

Gg7M’al’l - A—45
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Dual windows QAW

@ his a dual window of g for a given length L if it satisfies the
L a Wexler-Raz equations for this interval L.

@ For compactly supported dual window % only a few
Wexler-Raz equations for ¢2(Z) are not trivially satisfied.

@ The canonical dual windows is only guaranteed to be
compactly supported in the painless case (M > L,).
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Tight windows QAW

do not have a convex set of solutions. — No convergence
guarantee

@ The projection onto tight set is given by

1

Peyg,(2) =8S(2) 2z

where S(z) is the frame operator of G(z,a, M)
[Janssen and Strohmer, 2002].

@ Experimentally, we were still able to obtain good solutions.
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Example 1

@ Redundancy of 8 (M = 120, a = 15)
@ Fixed length of L = 240

h = argmin {||VFx|)5 + 5||Vx|3}

x€Cqual
ltersine - Time 4 100ptimization solution - Time
y . e s . > : "
08| \ 4
/\
2|
04, /o
\ B N——
02 \ 0|
o /A _\ 2 . . .
0 s 100 150 200 0 s 100 150 200
Itersine - Freq. Optimization solution - Freq.
@ B . g I~ B
3 % -20| \ .
& 40
H 8 \
g g 0] \
] 3 \
€ 5, -80| \
g g \.
g H A

o o1 02 03 04 05
Frequency (normalized) Frequency (normalized)

Figure : Analysis window: ’itersine’ L, = 120. This windows is tight.
The solution of the optimization problem is close to a Gaussian
window.
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Aﬁ'ﬂ Example 1 (contd) QAW

@ Redundancy of 8 (M = 120, a = 15)
@ Fixed length of L = 240

h = argmin { x — g3}
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Figure : (o) Function g,, (p) Results of convex optimization problem
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Example 2 QAW

@ Redundancy of 2 (M = 60, a = 30)
@ Non painless case (L, = 120 > M)
@ Dual compactly supported (L, = 120)
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Figure : (a)(b) Synthesis window respectively in time and frequency
domains.
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[Strohmer, 1998]

h= argmin {|x|3}
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Figure : (e)(f) Synthesis window (by truncation method) respectively
in time and frequency domains.

The dual window is not concentrated in frequency.
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Example 3  OAW

h= argmin  {0.001||Fx|; +0.001||x||, + || VFx|3 + || Vx[3}
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Figure : (c)(d) Synthesis window (by convex optimization)
respectively in time and frequency domains
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Example 4

@ Redundancy of 2 (M = 60, a = 30)
@ Tight frame (Non convex problem)
@ Dual compactly supported (L, = 360)

h = argmin {||V.7-'x||§+5||Vx||§}
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Figure : Windows respectively in time and frequency domains
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Conclusion QAW

@ We provide a flexible method for customizing dual
windows.

@ The set of dual windows might be very broad. In this set,
we are only limited by our own creativity.
@ 3 main uses:

e Compute windows with good properties when no other
method is possible.

e Improve existing windows.

e Prove that an existing window is already optimal.

@ The method was tested numerically and returned
promising results.
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producible research ~ 9AW

Simulations were performed using the LTFAT

[Sendergaard et al., 2012] and the UNLocBoX matlab toolbox.
A reproducible research addendum collecting all this
experiments and allowing you to design your own windows will
be soon downloadable at: in
http://unlocbox.sourceforge.net/rr/gdwuco.
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Questions / Thanks

@ Do you have any questions?
@ Thanks you for your attention

This work was supported by the Austrian Science Fund (FWF)
START-project FLAME (“Frames and Linear Operators for
Acoustical Modeling and Parameter Estimation”; Y 551-N13).
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