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Méthodes de éallocation dans le plan temps-fequence
pour I'analyse et le traitement de signaux non stationnaires

Le cadre de ce travail est celui de I'analyse tempstfience (et tempsehelle). Plus méigment, on s'irgfessea’

la méthode dite deaallocation, destiméa ang€liorer la lisibilitt des repFsentations tempsefquence. Cette aethode

a étt introduite au cours des ages 1970 etaactualise écemment. Elle repose sur lintervention d'un champ de
vecteurs (degallocation) adquat qui @place les valeurs de la distribution tempsginence de telle sorte qu’au final, la
lecture en soit simpli&ié. Bien que le principe deallocation soit bien connu, les catgiences de sa mise en ceuvre le
sont moins. Le premier objectif de cettefie est d’apporter defements deeponse ‘cette question. On effectue par
exemple la description statistique du champ des vecteuesatlecation (du spectrogramme) lorsque du bruit (gaussien)
se superpose au signal (suppasterministe). Compte tenu de ces informations, nous nous sommes ensuitesattach”
a an€liorer la n€thode originale : dans le cas delarige signal et bruit, on propose unethtde de supervision qui
décide en chaque point du plan tempsgfaence s'il est opportun de faire katlocation. Nous montroregalement
que la nethode deeallocation peut se mettre en pratique awedBlin but d’analyse et prendre part dans unarmda”
de traitement du signal : en s’appuyant sur une descripgomgtrique pecise des champs de vecteursetdiocation,

on introduit une nouvelle ethode deegallocation dite diffrentiellea partir de laquelle il devient possible de partager
le plan temps-&quence enegions que I'on associ une composante du signal. Cette partition g onc vue
posterioricomme la @composition du signal en composantesioées en amplitude et/ouefjuence. Nous montrons
également que, gcea leur bonne propei de localisation, les distributions tempse€tienceeéallowges peuveratre
utilespour des proldimes de dfection de chirps, comme par exemple celui des ondes gravitationnelles.

Mots-clé: Analyse temps-&Quence et tempsehelle — Transforeé de Fouriea court-terme — Spectrogramme —
Transfornge de Wigner-Ville — Ondelette — &thode deeéllocation — Non stationagit= FEgquence instantae —
Partition du plan temps-<€uence — Bfection des ondes gravitationnelles

Reassignment methods in the time-frequency plane for
the analysis and processing of non stationary signals

This work takes part in the context of the time-frequency and time-scale analysis. More precisely, we are interested
in the so-called reassignment method, which is devoted to improve the iggdattime-frequency or time-scale
representations. This method has been introduced during the 70’s and it has been renewed recently. It is based on the
action of a (reassignment) vector field which moves the values of the time-frequency distribution so that, at the end, its
reading is simplified. Although the principle of reassignment is well known, this is not the case with the consequences
of its use. The first goal of this thesis is to give some elements for answering this question. For example, we perform
a statistical description of the (spectrogram) reassignment vector field when (Gaussian) noise is added to the signal
(assumedto be deterministic). In a second step, by taking this information into account, we put forward improvements to
the original reassignment method: in the signal + noise case, we propose a supervision technique which decides in each
time-frequency point whether it is convenient to reassign or not. Finally, we show that the reassignment method can be
useful for tasks beyond analysis and can be part of a signal processing chain : by using a precise geometrical description
of the reassignmentvector field, we introduce a new reassignment method, referred to as differential reassignment, with
which it becomes possible to tile the time-frequency plane in regions. We asseaidi®f these regions to a signal
component. Therefore, this pigioning can be viewed posteriorias a decomposition of the signal in amplitude and/or
frequency modulated components. We also show that, thank to their good localization properties, the reassigned time-
frequency distributions can be useful for chirp detection problems, such as the gravitational wave one.

Keywords: Time-frequency and time-scale analysis — Reassignment method — Short-time Fourier transform — Spec-
trogram — Wigner-Ville transform — Wavelet — Reassignment method — Non-stationarity — Instantaneous frequency —
Partition of the time-frequency plane — Gravitational wave detection



