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State-of-the-art automatic speech recognition (ASR) sys-
tems are based on probabilistic modelling of the speech sig-
nal using Hidden Markov Models (HMM). These models
lead to the best recognition performances in ideal ”lab” con-
ditions or for easy tasks. However, in real word conditions of
speech processing, the performances of HMM-based ASR
systems can decrease drastically and their use becomes very
limited. For this reason, the conception of robust and viable
ASR systems has been a tremendous scientific and techno-
logical challenge in the field of ASR for the last decades.

The scope of this thesis is to address this challenge by
attacking the core of the problem what we believe is the ro-
bustness in speech modelling. Precisely, our strategy is to
conceive ASR systems for which robustness relies on:

• the fidelity and the flexibility in speech modelling rather
than (ad-hoc) tuning of HMMs,

• a better exploitation of the information contained in the
available statistical data.

A family of models which seems to be an ideal candidate
to achieve this goal is probabilistic graphical models (PGM-
s). Indeed, in last decade, PGMs have emerged as a power-
ful formalism unifying many concepts of probabilistic mod-
elling widely used in statistics, artificial intelligence, signal
processing and other fields. However, the use of PGMs in
ASR has gained attention only very recently (Bilmes 1999;
Zweig 1998; Daoudi, Fohr, & Antoine 2001). In this thesis,
we propose to explore the formalism of PGM thoroughly,
from a theoretical and practical point of view, with the aim
of developing reliable models of speech and of developing
robust ASR systems.

So far, we have concentrated on the way to exploit the
information contained in the statistical data to build acous-
tic models. We formulate the modelling problem in the dy-
namic Bayesian networks DBNs formalism. As a subset of
PGMs, DBNs are able to encode complex independence as-
sertions for dynamic processes. We developed a method-
ology in which we do not make any a priori dependence
assumptions between the observed and hidden processes in
speech. Rather, we give data a relative freedom to dictate the
appropriate dependencies. In other words, we learn the de-
pendencies from data. We develop this methodology using
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the structure learning approach in Bayesian networks. Our
approach has the advantage to guaranty that the resulting
model represents speech with higher fidelity than HMMs.
Moreover, we provide a control mechanism to specify the
maximal dependency structure and hence to make a trade-
off between modelling accuracy and model complexity. We
evaluated this approach in an isolated word recognition task
and presented the results in (Deviren & Daoudi 2001). A
more detailed report of the approach is described in (De-
viren 2001). The promising results on this simple task en-
couraged us to consider a more complicated application and
we validated our results in continuous speech recognition in
(Deviren & Daoudi 2002a). Recently, in (Deviren & Daou-
di 2002b), we present a fast decoding algorithm that takes
advantage of the set of DBNs we consider.

For future work, one of our objectives is to construct an
operational ASR system based on the developed algorithm
and compare its performance with the state-of-the-art sys-
tems. Another objective is to develop new and fast learning
algorithms in order to use the DBN formalism in other fields
of speech processing, such as multi-band speech recogni-
tion, natural language modelling and denoising.
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