Ls-Approximation of Wavelet Functions

Joél Karel, Ralf Peeters and Ronald Westra
Department of Mathematics, Universiteit Maastricht
P.O. Box 616, 6200 MD Maastricht, The Netherlands
joel.karel @ math.unimaas.nl, ralf.peeters @ math.unimaas.nl, westra@math.unimaas.nl

Sandro Haddad and Wouter Serdijn
Electronics Research Laboratory, Faculty of Information Technology and Systems, TU Delft
Mekelweg 4, 2628 CD Delft, The Netherlands
s.haddad @its.tudelft.nl, w.a.serdijn @its.tudelft.nl

1 Introduction

Computations in the analog domain are significantly less
power consuming than computations in the digital domain,
mainly due to the power consumption of A/D-converters.
It is therefore opportunistic to perform computations in the
analog domain for applications where power consumption is
a critical issue. Wavelet transformations W (¢, o) can be per-
formed in the analog domain by approximating them with
linear systems (LS). In earlier work [1] this was accom-
plished with Padé-approximation of wavelet functions for
implementation in dynamic translinear (DTL) circuits that
are current- instead of voltage-based which offers a number
of advantages [2].

2 Approximation of wavelets for linear systems

A continuous-time wavelet transform is the Ly-inner prod-
uct of a wavelet ¢(¢) with a signal f(¢). This type of trans-
form can be implemented with an LS since if a time signal
f(¢) is passed through an LS, then f(t) is convoluted with
the impulse response h(t) of that LS. As a result a wavelet
transform can be approximated by an LS of finite order
by approximating the time-reversed wavelet function J(t)
with the impulse response h(t) of the LS. Only the imple-
mentation of (strictly) proper rational functions is feasible
and therefore the wavelet should be shifted in time to avoid
truncation of energy such that a time-reversed and shifted
wavelet ¢(t) is approximated with impulse response h(t).

3 L.-approximation of wavelets

Loy-approximation theory provides a framework for studying
the problem of wavelet approximation, which offers a num-
ber of advantages: firstly, it is quite appropriate to use the
Lo-norm to measure the quality of an approximation h(t) of
the function v () since W (¢, o) is an Lo-inner product. Sec-
ondly, it is desirable that the approximation h(t) of 1)(t) be-
haves equally well for all time instances ¢. As a third advan-
tage Lo-approximation allows for a description in the time
domain as well as in the Laplace domain.

For the generic situation of stable systems with distinct
poles, the impulse response function h(t) is a linear com-
bination of damped exponentials and exponentially damped
harmonics. This makes it possible for low order systems,
to propose an explicitly parameterized class of impulse re-
sponse functions among which to search for a good approx-
imation of v (t), as discussed in [3].

4 Obtaining a good starting point

In order to approximate a wavelet function with the Lo-
approach a starting point is required. The choice of this
point is significant due to the existence of local optima. To
obtain a good starting point for the Lo-approximation ap-
proach, one can start by constructing a high-order model and
applying model reduction with for example the balance and
truncate method, so that an initial model with the appropri-
ate order n is obtained. To do that we start with a sampled
version of the time-reversed and shifted wavelet J (t), from
which a discrete-time MA-model is created, that is reduced,
converted to continuous time and is further reduced such that
it has the required order n as described in [4].
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