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Abstract
This paper focuses on the analysis and synthesis of hypo and hyperarticulated speech in the framework of HMM-based speech
synthesis. First of all, a new French database matching our
needs was created, which contains three identical sets, pronounced with three different degrees of articulation: neutral,
hypo and hyperarticulated speech. On that basis, acoustic and
phonetic analyses were performed. It is shown that the degrees
of articulation significantly influence, on one hand, both vocal
tract and glottal characteristics, and on the other hand, speech
rate, phone durations, phone variations and the presence of glottal stops. Finally, neutral, hypo and hyperarticulated speech are
synthesized using HMM-based speech synthesis and both objective and subjective tests aiming at assessing the generated
speech quality are performed. These tests show that synthesized
hypoarticulated speech seems to be less naturally rendered than
neutral and hyperarticulated speech.
Index Terms: Speech Synthesis, HTS, Speech Analysis, Expressive Speech, Voice Quality

1. Introduction
In this paper, we focus on the study of different speech styles,
based on the degree of articulation: neutral speech, hypoarticulated (or casual) and hyperarticulated speech (or clear speech).
It is worth noting that these three modes of expressivity are neutral on the emotional point of view, but can vary amongst speakers, as reported in [1]. The influence of emotion on the articulation degree has been studied in [2], [3] and is out of the scope
of this work.
The “H and H” theory [4] proposes two degrees of articulation of speech: hyperarticulated speech, for which speech clarity tends to be maximized, and hypoarticulated speech, where
the speech signal is produced with minimal efforts. Therefore
the degree of articulation provides information on the motivation/personality of the speaker vs the listeners [1]. Speakers
can adopt a speaking style that allows them to be understood
more easily in difficult communication situations. The degree
of articulation is influenced by the phonetic context, the speech
rate and the spectral dynamics (vocal tract rate of change). The
common measure of the degree of articulation consists in defining formant targets for each phone, taking coarticulation into
account, and studying the differences between the real observations and the targets versus the speech rate. Because defining
formant targets is not an easy task, Beller proposed in [1] a statistical measure of the degree of articulation by studying the
joint evolution of the vocalic triangle area and the speech rate.
The goal of this study is to have a better understanding of
the specific characteristics (acoustic and phonetic) governing
hypo and hyperarticulated speech and to apply it to HMM synthesis. In order to achieve this goal, the paper is divided into
two main parts: the analysis (Section 3) and synthesis (Section
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4) of hypo and hyperarticulated speech.
In the first part, the acoustic (Section 3.1) and phonetic
(Section 3.2) modifications are studied as a function of the degree of articulation. The acoustic analysis highlights evidence
of both vocal tract and glottal characteristics changes, while
the phonetic analysis focuses on showing evidence of glottal
stops presence, phone variations, phone durations and speech
rate changes. In the second part, the integration within a HMMbased speech synthesizer in order to generate the two degrees
of articulation is discussed (Section 4.1). Both an objective and
subjective evaluation are carried out with the aim of assessing
how the synthetic speech quality is affected for both degrees of
articulation. Finally Section 5 concludes the paper and some of
our future works are given in Section 6.

2. Creation of a Database with various
Degrees of Articulation
For the purpose of our research, a new French database was
recorded by a professional male speaker, aged 25 and native
French (Belgium) speaking. The database contains three separate sets, each set corresponding to one degree of articulation
(neutral, hypo and hyperarticulated). For each set, the speaker
was asked to pronounce the same 1359 phonetically balanced
sentences, as neutral as possible from the emotional point of
view. A headset was provided to the speaker for both hypo and
hyperarticulated recordings, in order to induce him to speak naturally while modifying his articulation degree.
While recording hyperarticulated speech, the speaker was
listening to a version of his voice modified by a “Cathedral” effect. This effect produces a lot of reverberations (as in a real
cathedral), forcing the speaker to talk slower and as clearly as
possible (more efforts to produce speech). On the other hand,
while recording hypoarticulated speech, the speaker was listening to an amplified version of his own voice. This effect produces the impression of talking very close to someone in a narrow environment, allowing the speaker to talk faster and less
clearly (less efforts to produce speech). Proceeding that way
allows us to create a “standard recording protocol” to obtain
repeatable conditions if required in the future.

3. Analysis of Hypo and Hyperarticulated
Speech
3.1. Acoustic Analysis
Acoustic modifications in expressive speech have been extensively studied in the literature [7], [8], [9]. In the frame of this
study, one can expect important changes related to the vocal
tract function. Indeed, during the production of hypo and hyperarticulated speech, the articulatory strategy adopted by the
speaker may dramatically vary. Although it is still not clear

5. Conclusion
This work is a first approach towards HMM-based hyper and
hypoarticulated speech synthesis. A new French database
matching our needs was created: three identical sets, pronounced with three different degrees of articulation (neutral,
hypo and hyperarticulated speech).
In a first step, acoustic and phonetic analyses were performed on these databases, and the influence of the articulation degree on various factors was studied. It was shown
that hyperarticulated speech is characterized by a larger vocalic
space (more efforts to produce speech, with maximum clarity), higher fundamental frequency, a glottal flow containing
a greater amount of high frequencies and an increased glottal
formant frequency, the presence of a higher number of glottal
stops, breaks and syllables, significant phone variations (especially insertions), longer phone durations and lower speech rate.
The opposite tendency was observed in hypoarticulated speech,
except that the number of glottal stops was equivalent to the
one in neutral speech and the significant phone variations were
deletions.
In a second step, synthesizing hypo and hyperarticulated
speech was performed using HTS, based on modifications of
the phonetic transcriptions at the input of the synthesizer, and
of the characteristics of the excitation modeling. Objective and
subjective evaluations were proposed in order to assess the quality of the synthesized speech. These tests show that the worst
speech quality was obtained for hypoarticulated speech.
Audio examples for each degree of articulation are available
online via http://tcts.fpms.ac.be/∼picart/HypoAndHyperarticulatedSpeech Demo.html.
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6. Discussion and Future Works
The ultimate goal of our research is to be able to synthesize
hypo and hyperarticulation, directly from an existing neutral
voice (using voice conversion), without requiring recordings of
new hypo and hyperarticulated databases (as done in this work).
Right now, as the objective and subjective evaluations showed,
the HMM-based speech synthesizers are not able to synthesize
hypo and hyperarticulated speech with the same quality, even
using the real hypo and hyperarticulated databases. It is therefore worth focusing on improving the current synthesis method
before starting the next step: speaking style conversion. We
will first investigate the simple methods for improving speakersimilarity in HMM-based speech synthesis proposed by [27].
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