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ABSTRACT

In this work, the authors present their results on the

acoustic detection of laryngeal diseases in children. Four
types of parameters are studied : cepstral distances, error of
Linear Prediction (LP), perturbation parameters (frequency
and amplitude) and glottic noise estimators. French vowels
/a/, /i/ and hv/ spoken separately and the sustained vowel /a/
are analyzed. The system is tested with 88 pathological
subjects and 209 control subjects aged 5 to 12.
A detection percentage of 96% was obtained with several
parameters. The selected parameters changed with the sex.
For the boys, the LP error is the best parameter. For the girl,
the glottic noise estimator is the best parameter.

Keywords : Spectral Analysis, Cepstral Coefficient, Linear
Prediction, Perturbation parameter, Pitch Stability, Noise
Estimators, Dysphonia, Child.

1. INTRODUCTION

The development of a computer system for an objective

evaluation of pathological voices is an aim for many research
teams [1, 2, 3, 4]. It is sensible that this objective
classification should be realized with non invasive methods,
and would take into account the phonatory results. The
analysis of the acoustic signal, meets these two constraints.
In the case of children, the pathology can affect the
acquisition of language. Also it is very important to detect
and to evaluate the pathology as earlier as possible.
Furthermore, for children clinical examinations are the less
feasible.

Many parameters have been studied so far for the
assessment of laryngeal pathologies. They quantified either
the pitch instability (frequency or amplitude) or the noise
produced by a bad joining of vocal cords. These perturbations
produce spectral modifications. Also we have studied cepstral
distances.

Now, to assess the relevance of the parameters we must
not only consider the percentage of separation between
control and pathological subjects; we must also consider the
complementarity of the parameters. In this work, the
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parameters were studied together for the quantification of the
pathologies and, if possible, to correlate parameters values
and pathologies. Our system of detection takes into account
the sex and the age.

The study on the population of children and the use of the
cepstral distances represent the two specificities of this
work [5].

2. METHODS

A. Populations.

The whole population is composed of 209 control subjects
and 88 pathological subjects. Table | shows the sex
distribution of the two groups. A speech therapist checked
that none of the subjects had break at puberty.

The control subjects are divided into two groups. The group
labelled ‘"reference” allows the establishement of the
normality interval of acoustic parameters.

The pathological subjects are divided into three groups. The
group labelled "Kissing nodules” is composed of subjects
having kissing nodules (nodules face to face on the vocal
cords). The group "dysfunction" is composed of pathological
subjects without visible lesion. The subjects with other
pathologies (cyst, nodules,..) compose the group "Other"; It
is a unilateral lesion.

iGroup Boys Girls Total
Control reference 60 60 120
Control test 47 42 89
Total Control 107 102 209
Kissing nodules 14 5 19
Dysfunction 25 20 45
Other 13 11 24
[Total Pathological 52 36 88

Table 1 : Sex distribution of the population.

B. Acoustic material

The French vowels /a/, /i/ and /w/ spoken separately and
the sustained vowel /a/ were analysed. The effect of the
phonetic matenal and the sustained of phonation were
studied.
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The vowels were sampled at a 20 kHz rate. The revelant part
of the vowel had been visually selected. The duration of each
segment was from 75 to 130 ms.

C. Methods

Four types of parameters are used : cepstral distances, the
error of linear prediction, pitch instability parameters
(frequency and amplitude) and parameters for the evaluation
of the noise.

Cepstral distances were used because they turned out to
be the best parameters to quantify the difference between two
spectra [6]. We used three sets of cepstral coefficients : the
Linear Frequency (LFCC), the Mel Frequency (MFCC) (they
consicder the hear) and the Linear Prediction (LPCC) (They
take into account the production of speech). The set of
reference for the distances, was the mean of the cepstral
coefficients calculated for the 120 reference control subjects.

The error of linear prediction (%LPC) arises from either
an inadequation of the all poles model of vocal tract, or a
structure of the glottal wave [7]. This parameter seems
relevant to separate the control and the pathological subjects.
These parameters are only calculated for the non sustained
vowels.

Since the work of Lieberman {8] many perturbation

parameters have been developed [9]. They aim to calculate
the stability of the pitch 10, 11]. The differences is a
function of the definition of the vicinity and the difference.
In this work, the pitch is calculated on a 25.6 ms window.
The value is the mean of cycle to cycle detection. The
autocorrelation and the spectrum are used for the detection of
pitch.

An other classical approach for the detection of
pathologies consists int the evaluation of the noise produced
by a bad joining of the vocal cords [12]. Several technics can
be used. Most of the teams calculate the energetic ratio
between the harmonic and the non-harmonic zones (NHR,
NNE) [2, 3]. We studied also a parameter proposed by
Kitajima [13]. He uses a spectral smoothing to evaluate the
noise.

In order to analyze the onset of the noise, we studied these
parameters for three frequencies ranges : 0-2.5 kHz, 0-5 kHz,
and 0-8 kHz.
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Figure 1 : Comparison of false alarms (P.F.A) and good
detection percentages for the girls.
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D. System of detection.

For each parameter we calculated the normality interval
on the reference control subjects population. These intervals
were established relatively to the age and the sex. For each
parameter we calculated the percentages of detection (P.D)
on the pathological subjects and the percentage of false
alarms (P.AF) on the test control subjects. When the P.D is
significantly higher than the P.A.F, the parameter is selected.
A subject is classified as pathological if one selected
parameter, at least, is outside the normality interval.

3. RESULTS

A. Type of parameters

In figure 1 and 2, are given, respectively for the girls and
the boys, the percentages of false alarms (P.F.A) and of good
detection for different types of parameters.

The detection percentage increases when the parameters
are token together. There is a good complementarity between
the parameters. Globally, the detection percentages are
equivalent for the boys and for the girls. Nevertheless, the
scores are very different according the type of parameters.
For the girls, noise parameter (N.P) is the best parameter
(80% of detection). The other parameters give equivalent
scores.

For the boys, the LPC error (% LPC) is the best parameter
(75%). Pitch perturbation parameters (frequency F.P, and
amplitude A.P) give the worst scores. The globally detection
score is not increased comparatively with three other
parameters.

The difference between the sex may come from the choice of
the cepstral coefficient and the frequency range for the
computation of noise parameters. It can be seen that for the
girls, the MFCC gives percentages significantly higher than
the LPCC. For the boys, it's the contrary. In the case of noise
evaluation parameter, the optimum frequency range is 0-5
kHz for the girl and 0-8 kHz for the boy. The noise appeared
to be in high frequencies for the boy and in middle
frequencies for the girl.

OPFA
Detection

Figure 2 : Comparison of false alarms (P.F.A) and good
detection percentages for the boys.
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B. Comparison with other studies

The detection scores with their 95% confidence intervals
[14] are given in table 3 for the control subjects (C) and the
pathological subjects (P). The number of subjects is
reminded.

[Number of subjecty Detection scores (%)

Studies C P C P Total
anci et 30 53 90 93 92
. [1986] [74, 96] | [82, 97]
suya et| 804 66 83.7 76 83.1
. [1986] (81, 86] | (64, 84]
aver et 121 109 94 86 90
- [1986] [88, 971 | [78, 92}
Childers 52 29 90 76 85
[1992] [79, 96] | [58, 88]
This 89 88 86 95 89
[study [75, 90] | [88, 98]
Table 3 : Comparison of detection scores obtained by several
authors.

No significant difference exists between the studies on the
total percentage. Our study gives the best recognition score
for pathological subjects. This score is significantly higher
than the score found by Kasuya and Childers.

C. Type of pathology.

The detection scores for acoustic parameters for the three
groups of pathology (boys and girls are merged) are given on
figure 3.
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Figure 3 : Comparison of percentage scores for the three
types of pathology.

The only significant difference had been observed
between the group "kissing-nodule"” and the group "other" for
the perturbation parameters (frequency and amplitude).

D. Assessment of speech therapy

The aim of this project is to evaluate the grade of the
pathologies.
We haven't find a correlation between the acoustic score and
the perceptual score given by three speech therapists. It
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seems difficult to find acoustic parameters to evaluate the
voice quality.

We have plotted, for several subjects (12), the evolution
between the acoustic score and perceptual score (figure 4).
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Figure 4 : Correlation between the variations of the acoustic
score and the perceptual score during the speech therapy.

There is a correlation of .0.8 between the acoustic and
perceptual scores. The acoustic analysis could be used to
evaluate the modification of voice quality.

4. DISCUSSION

A. Effect of Sex.

An important result in this study is the difference between
girls and boys. However, for this age, it is admitted that there
is no anatomical difference between the sex.

Two hypotheses could explain this difference. The first,
concerns the anatomy, and the second the working of vocal
cords. Small differences in the structure of vocal cords could
be magnified by the pathology and thus explain the results. It
will be necessary to do an anatomical check to support this
hypothesis.

A different functioning mode of vocal cords between girl and
boys could also explain the results obtained. Here to, it will
be necessary to do a joint acoustic and physiologic analysis.
An increase of variability for subjects aged 10 to 12 indicates
that the puberty produces acoustic modifications before
external modifications.

B. Type of pathology

The difference observed on the perturbation parameters
for the groups "kissing-nodules" and "other" could signify
that in the case of bilateral lesions (kissing nodule) the
subject could set up a regular cycle of vocal cords.
We haven't find other differences between the groups of
pathology. The small size of the groups when we take into
account the type of pathologies, can hide the effects. The
number of subjects must be increased study the relation
between acoustic parameters and pathologies.
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CONCLUSION

The classification performed by our system is good (86%
for control subjects and 95% for pathological subjects). These
scores are equivalent with the other existing systems.

We found a difference between the selected parameters for
girls and boys. So far, we can't explain this difference.

The evaluation of the modification of voice quality during the
speech therapy seems possible.

The acoustic analysis brings an interesting information
for the study of pathological voices. More work is necessary
to establish the real power of the acoustic analysis. This
complementarity with the other technics (electroglottography
aerodynamic,.physiologic...) must be analysed.
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