V ector and P arallel W a v elet T ransforms for

the analysis of time-v arying signals

Andreas Uhl

Researc h Institute for Soft w aretec hnology

Univ ersit y of Salzburg

August 1994 d d d

�

� � *

H H j

-

RIST

++

Research Institute for Software T echnology

UNIVERSITY OF SALZBURG 1

Con ten ts

1 In tro duction 2

2 V ectorization 4

3 P arallelization 5

3.1 Parallel Virtual Machine (PVM) : : : : : : : : : : : : : : : : : : : : : 5

3.2 Implementation with PVM and load balancing : : : : : : : : : : : : : 6

3.3 Results : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7

4 Ac kno wledgemen ts 8

5 References 9 d d d

�

� � *

H H j

-

RIST

++

Research Institute for Software T echnology

UNIVERSITY OF SALZBURG 2

1 In tro duction

W avelet transforms have b een extensively used during the last ten years in areas

like signal and image pro cessing, mathematics and a wide range of applied sciences.

The continous wavelet transform is de�ned as follows:

W

a;b

(f ) = jaj

�1=2

Z

1

�1 f (t) t � b

a

!

dt :

W e always assume

R

1

�1

(t) dt = 0. The functions

a;b

(t) = jaj

�1=2

�

t�b

a

�

are called

’wavelets’, the function (t) is often called ’mother wavelet’.

As a changes, the

a;b cover di�erent frequency ranges, changing the parameter

b as well allows us to move the time lo calisation center (which is in t = b). So all

the wavelets are translated and dilated versions of only one function { the mother

wavelet.

In most of the applications the ’fast wavelet transform’ (which is based on a

multiresolution analysis and was intro duced by S. Mallat [7]) is used as the de-

facto standard-algorithm. There have b een made several attempts to parallelize

this algorithm { in general [12] and in particular for image pro cessing purp oses [6],

[2], [9].

When using this algorithm, the parameters (a; b) are sampled on a so-called

’dyadic’ grid in the time -scale plane (a = 2 j

; b = n2 j

). Unfortunatly a wide class of

applications requires denser p oint sets (a; b). F or example we mention the detection

of coherent structures in time series [3], the extraction of (multi)fractal prop erties

in signals [1], singularity detection and investigation of singularity typ es [8] and

applications in which one wants to pro duce a ’scalogram’ [11 ].

One p ossible solution is to have ’M voices p er o ctave’ (which means replacing

2 j

by 2 j

M

) { therefore a fast algorithm exists [10] which is computational M -times

as exp ensive as the standard one. If arbitrary grids are needed this metho d fails {

the continous wavelet transform has to b e computed directly

, computational even

more exp ensive. Until now no attemps have b een made to parallelize or vectorize

this pro cedure, altough the computation of a scalogram corresp onding to e.g. 1500

datap oints and 1 � a � 240, using the Mexican hat wavelet takes ab out 30 cpu-

minutes on a DEC/AXP 3000/4 00. W e were facing this problem while analyzing

highly irregular ’chaotic’ 1D data from semiconductor cleanro oms in the context of

the pro ject EERP/762/ AU-032 with Digital Equipment Co op eration.

Given a real (sampled) signal or a time series f (t), t = 1; : : : ; n the discretized d d d

�

� � *

H H j

-

RIST

++

Research Institute for Software T echnology

UNIVERSITY OF SALZBURG 3