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ABSTRACT
From a new acoustically transparent
pneumotachograph  mask, we simultaneously

recorded aerodynamic (oral and nasal airflow) and
acoustic data for 6 French male speakers, involving
3 oral and 3 nasal vowels out of logatoms (i.e. non
words). A Convolutional Neural Network (CNN)
trained on other acoustic corpora in French was
tested on the data collected from the mask for the
nasal/oral vowel distinction, with a 88% correct
classification on average. We compared these CNN
results with the nasal airflow extracted from all
vowels of the corpora. Aerodynamic results showed
a higher quantity of nasal airflow for the nasal
vowels. However, for some speakers, distinction
between nasal and oral vowels in terms of nasal
airflow was less prominent, especially for /a/ vs /d/,
the 2 vowels for which the CNN have the least
correct identifications. Finally, we discuss the
discrepancies observed between aerodynamic data
and CNN probabilities, and inter-speaker variations
that can be approached by the CNN.
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1. INTRODUCTION

Nasality is a distinctive feature in approximately a
third of the world’s languages [1]. The basic
knowledge implies that the soft palate must be
sufficiently lowered for the velopharyngeal port to
be open allowing air to pass through the nose. The
lowering of the soft palate as well as the passage of
air through the nose will have an implication in the
speech spectrum with acoustic zeroes that usually
hinder the acoustic analysis for phoneticians [2].

There are temporal and spatial variations in the
realisation of the [nasal] feature. It varies depending
on the speaker’s gender and anatomy [3 ; 4], speaker
strategy [5 ; 6 ; 7], language [8], speaking style [9],
speaking rate [10], the speech sound type, the
phonetic and prosodic context [11], etc.
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More  specifically, the opening of the
velopharyngeal port differs from one speaker to
another [3, 4] and the morphology of the nasal
cavities is highly variable between individuals.
Nasal vowels and consonants are relevant for
speaker identification as they contain more acoustic
information relative to the speakers than the other
sounds [12, 13].

Deep neural networks have recently shown an
important development in the field of speech.
Studies have been conducted in the clinical field
with artificial neural networks to diagnose language
pathologies, including hyper- or hypo-nasalisation
[14, 15, 16]. Indeed it has been shown that CNNs
have the ability to specialise on phonetic features
such as place of articulation or articulatory mode
[16, 18, 19].

From a new pneumotachograph developed at the
Phonetics and Phonology Laboratory, composed of a
paper-fiber mask which provides no acoustic
distortion, it is possible to analyse acoustic and
aerodynamic data in the same recording [20], which
is not possible with most aerodynamic measurement
systems. With this device, it is therefore possible to
account for the aerodynamics in parallel with the
resulting acoustics.

The purpose of the present study is to assess the
detection of nasality from acoustic data with a CNN
by comparing it with aerodynamic data collected
during the acoustic recording. We take the vowel
phonemic label ‘nasal’ or ‘oral’ as the reference and
check whether CNN classification is correct from
the acoustics. In a second time the nasal airflow
provided will validate the CNN classification or help
us understand the misclassifications. We will finally
investigate to what extent the level of nasality for
each speaker can be estimated with CNN.

2. MATERIALS AND METHODS
2.1. Corpora and data acquisition

The test data for this study was taken from 6 French
male native speakers (mean age: 36 years) recorded






