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ABSTRACT

Vocal acoustic analysis is becoming a useful tool for the classification and recognition of laryngological
pathologies. This technique enables a non-invasive and low-cost assessment of voice disorders, allow-
ing a more efficient, fast, and objective diagnosis. In this work, ANN and SVM were experimented on to
classify between dysphonic/control and vocal cord paralysis/control. A vector was made up of 4 jitter
parameters, 4 shimmer parameters, and a harmonic to noise ratio (HNR), determined from 3 differ-
ent vowels at 3 different tones, with a total of 81 features. Variable selection and dimension reduction
techniques such as hierarchical clustering, multilinear regression analysis and principal component
analysis (PCA) was applied. The classification between dysphonic and control was made with an ac-
curacy of 100% for female and male groups with ANN and SVM. For the classification between vocal
cords paralysis and control an accuracy of 78,9% was achieved for female group with SVM, and 81,8%
for the male group with ANN.
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Vocal Acoustic Analysis

1. INTRODUCTION

Vocal Acoustic Analysis is often used for voice disorders assessment and diagnose (Bielamowicz et al.,
1996; Brockmann-Bauser, 2011; Pylypowich, & Duff, 2016; Salhi, Mourad, & Cherif, 2010; Teixeira
& Fernandes, 2015). The advantage of such techniques relies on the non-invasive character of the exam
when compared with current practice in medicine, for example, laryngoscopy or stroboscopic exams
(Brockmann-Bauser, 2011).

Both laryngoscopy and stroboscopic exam consist in inserting a thin tube into the throat or into the
nostrils. Stroboscopy is painless, an office-based procedure done with topical anaesthesia. It is a special
method used to visualize vocal fold vibration (Hirano, 1974). It uses a synchronized, flashing light passed
through a flexible or rigid telescope. The flashes of light from the stroboscope are synchronised to the
vocal fold vibration at a slightly slower speed, allowing the examiner to observe vocal fold vibration dur-
ing sound production in what appears to be slow motion. The resulting video depicts video-stroboscopic
examination of the vocal folds.

This incision technique will always be necessary to confirm or even support chirurgical operations
on the vocal folds or in the larynx/pharynx.

Although voice disorders may be diagnosed by an auditory perceptual analysis made by the oto-
laryngologist, this may lead to different results depending on the practitioner experience (Teixeira &
Fernandes, 2014).

It is common in daily life of primary care facilities the people complain about hoarseness in their
voices. The dysphonia affects 30% of adults and 50% of older adults. This disease modifies voice qual-
ity and has a significant impact on life quality. This also represents a significant economic burden. In
patients with a progressive pathology, it is important to do a diagnosis as fast as possible for the sake of
having access to better treatment and prognosis (Pylypowich & Duff, 2016).

There are several acoustic parameters extracted from speech signal processing useful to identify the
vocal pathology, yet no parameter alone is able to classify between healthy or pathologic voice.

Teixeira and Fernandes (2015) analysed the statistical significance of Jitter, Shimmer and HNR pa-
rameters for dysphonia detection. A statistical analysis was performed over the three parameters for the
vowels /a/, /i/ and /u/ at three different tones, high, low and normal. In this work, Jitter and Shimmer are
suggested as good parameters to be used in an intelligent diagnosis system of dysphonia pathologies.

To test this analysis, it is necessary to apply an intelligent tool and some reduction dimension and
feature selection techniques. Feature selection is intended to select the best subset of predictors. The
feature selection problem arises from large datasets who may contain redundant information and vari-
ables that have little or no predictive power (May, Dandy, & Maier, 2011). The correct choice of input
features leads to a small subset that may boost/improve the performance when intelligent tools are used.

Henriquez et al. (2009) studied the usefulness of six nonlinear chaotic measures based on nonlinear
dynamics theory in the discrimination between two levels of voice quality: healthy and pathological. The
studied measures are first and second order Rényi entropies, the correlation entropy and the correlation
dimension. The values of the first minimum of mutual information function and Shannon entropy were
also studied. Two databases were used to assess the usefulness of the measures: a multi-quality and
a commercial database (MEEI Voice Disorders). A classifier based on standard neural networks was
implemented in order to evaluate the measures proposed. Global success rates of 82.5% (multi-quality
database) and 99.7% (commercial database) were obtained. This difference in performance highlights
the importance of having a controlled speech acquisition process.
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