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Abstract— This paper presents a new method for 

discriminating between subjects with healthy voices and 

subjects with diseases in the vocal folds. This method uses speech 

signals and spectral analysis of the sustained vowel /a/. The slope 

between a first band of the signal defined in the first two 

harmonics and a second band defined in the zone of the /a/ first 

formant contains information that allows to correctly classify 

the database of pathological voices of the University of São 

Paulo. The presented method can be applied in the direct 

analysis of spectra or implemented in high-level classifiers as a 

complement to other parameters. 

Keywords—Pathological Voices, Spectral Tilt, Spectral Band 

Analysis 

I. INTRODUCTION  

Pathological voice identification is the process of 
discriminate subjects with and without voice pathologies. The 
use of speech in these tasks, as a non-invasive, easy and quick 
method, is useful in screening situations or as a 
complementary method for the diagnosis.  

Speech analysis for identifying pathological voices 
typically has the acoustic or spectral approach. Acoustic 
analysis methods provide perturbation measures such as jitter 
and shimmer [1], [2]. Spectral parameters such as energy 
spectrum [3], [4], mel-frequency cepstral coefficients 
(MFCC) [5]–[7] and formant analysis [8], [9] achieve an 
accuracy rate over 90%. One of the advantages of this 
approach is that pitch estimation, a difficult task when dealing 
with voice disorders [6], is not required. Typically, the sample 
used for analysis is the sustained vowel /a/, since it is produced 
with the vocal tract completely open and is correlated with the 
electroglottograph [10].  

The method of characterizing pathological voices using 
formant analysis proposed in [9], explained in detail in the 
next section, contains some flaws: the first spectral peak that 
models the first two harmonics can be detected in healthy 
subjects, although as higher bandwidth; in some unhealthy 
subjects, with predominance of energy in the first two 
harmonics, the first peak is not detected due to the smaller 
slope of the signal. 

This article presents a new method of spectral analysis to 
discriminate pathological voices that allows, on one hand, to 
find simple, reliable and intelligible parameters through visual 
analysis of a spectrum, and on the other hand can also be used 
in systems with high complexity, along with other 
characteristics (parameters), for the automatic tracking of 
pathological voices. The proposed parameter is the spectral tilt 
between the first two harmonics and the first formant, 
denominated Low Band Spectral Tilt (LBST). 

The remainder of this article is organised as followed: 
section II presents the related work about voice pathologies 
identification based on spectral analysis. Section III describes 
the database and section IV the proposed method. Section V 
presents the results and discussion. Conclusions are presented 
in section VI. 

II. RELATED WORK 

For healthy voices, the spectral envelope peaks with small 
bandwidth have formants information. In [9], to verify if there 
was a change in the formants for unhealthy voices, spectral 
envelope was estimated by spectral analysis with a 30th order 
linear prediction filter.  

For a sustained vowel /a/ produced by healthy subjects, the 
harmonic with the highest energy correspond to the first 
formant (F1), matching to the first peak of the spectral 
envelope (P1), as can be seen in Fig. 1a). The frequency of the 
first formant, for the vowel /a/, is typically between 550 and 
950 Hz. A first peak in the spectral envelope may also occur 
to model the first harmonics but with lower energy than that 
of the first formant, and with a bandwidth that tends to 
increase. Due to the vibration of the vocal folds, modelled by 
two poles at the origin, a spectral tilt occurs that diminishes 
the energy of the higher frequencies.  

However, for the corpora extracted from the database of 
the Bioengineering Group of the Engineering School of São 
Paulo University (DBSP) first used in [11], for all the 31 
unhealthy subjects, the first two harmonics have a higher 
energy comparing to the higher-order harmonics, creating a 
first peak (P1) with an energy higher than the first formant 
(F1), as can be seen in Fig. 1b). These two harmonics, whose 
amplitudes are designated in the literature by H1 and H2, are 
object of several studies [12], [13]. These studies reveal that 
the difference between these two amplitudes is related with 
breathy voices, since the second harmonic has less energy than 
the first harmonic, which is not the case in healthy voices. This 
analysis also reveals that there is significant information at 
low frequencies that allows discrimination among 
pathological voices and healthy voices. 

With the evolution of the disease, vocal folds tend to 
increase aperiodicity and the signal becomes noisier, 
especially at higher frequencies. The spectral tilt decreases 
and the energy in the high frequencies increases, which 
impairs the modelling of the first two harmonics, as show in 
Fig. 1c). In conclusion, this method tends to fail in more 
advanced disease states. 



 

a) Healthy subject, P1=F1>550 Hz, Low noise, LBST > 0 

 

b) Unhealthy subjects, P1<550 Hz, Low noise, LBST < 0 

 

c) Unhealthy subject, P1=F1>550 Hz, High noise, LBST < 0 

Fig. 1. Spectrum and spectral envelope. 

III. DATABASE 

The database used in this work is the DBSP database and 
is composed by 15 healthy subjects (9 males, 6 females), 16 
subjects (2 males, 14 females) with Reinke’s edema and 15 

subjects (2 males, 13 females) with vocal fold nodules, with 
age distribution ranging from 21 to 48 years hold. These 
pathologies are both present in the vocal folds. A brief 
description of these pathologies is presented below. Further 
details about the corpus and the addressed pathologies can be 
found in [11]. 

Each subject produced a sustained vowel /a/ for 5 seconds, 
recorded with a 22050 Hz sampling rate, with comfortable 
pitch and loudness level 

A. Nodules 

The vocal fold nodules are benign lesions that can occur 
in both vocal folds, at anterior 1/3 and posterior 2/3 of the 
vocal folds, where friction between folds is most aggressive. 
This pathology is common in people who use voice 
intensively, as politicians, teachers, singers and children who 
often cry. The lumps are small sized, typically the size of a 
pinhead, and can appear in groups over a given area. 

The nodules do not allow complete closure of the vocal 
folds, resulting on a noisy speech signal. To compensate this 
effect the patient tends to increase tension in the muscle, 
increasing the collision forces of the vocal folds. This disease 
also causes irregularities in the fundamental frequency (jitter) 
and variations in amplitude (shimmer). 

Symptoms include dysphonia, with voice timbre changing 
through a variable hoarseness. In extreme cases it can reach 
aphonia preventing altogether the voicing. 

B. Reinke’s Edema 

The Reinkes’s edema affects both vocal folds and is 
characterized by their swelling, caused by accumulation of 
fluid dispersed in the Reinke space. As the fluid accumulates, 
this space increases so that the vocal folds also increase in 
thickness and protrude into the interior of the larynx. In 
consequence, the voice becomes rougher due to the swelling 
that causes changes in the elasticity of the vocal folds. In 
extreme cases the swelling may even hinder the passage of air. 
In reaction to this situation, the patient increases the vocal 
effort, resulting in excessive opening of the glottis, causing an 
asymmetrical and irregular vibration of the vocal folds. The 
main symptom is the reduction on pitch frequency, making 
female subjects easier to detect since they typically have 
higher pitch. 

IV. PROPOSED METHOD  

When analysing the sustained vowel /a/ spectrum for 
healthy subjects, Fig 1 a), and the spectrum for unhealthy 
subjects, Fig. 1 b) and c), it can be seen in all the presence of 
the first formant around 660 Hz, represented by a peak in the 
spectral envelope.  

For healthy subjects, in the first two harmonics the spectral 
envelope does not reveal a peak or can exhibit a peak smaller 
than the formant peak, Fig 1 a). For initial stages of the 
diseases the peak in the first two harmonics, Fig 1 b) is bigger 
than the formant peak. In advanced states of the diseases, the 
peak in the first two harmonics disappears due to the increase 
of the noise and can be confused with healthy subjects.  

However, if the spectrum of the signal is considered 
instead of the spectral envelope in the case of healthy voices, 
a spectral positive tilt occurs between the first two harmonics 



and the first formant, Fig 1 a). For the unhealthy voices this 
spectral tilt is always negative, Fig. b) and c), regardless the 
stage of the disease.  

In the proposed method the signal spectrum was analysed 
in two bands. The first band contains the first two harmonics 
and the second band is characterized by the interval between 
the third and the tenth harmonics. The interval of the second 
band is enough to estimate the first formant in subjects with 
the lowest fundamental frequency. For example, it guarantees 
that a subject with first harmonic of 80 Hz, and first formant 
of 720 Hz, the formant is estimated in the 9th harmonic. For 
each band on the signal spectrum the maximum spectrum 
energy of each band is computed.  

The spectrum of the signal and the maximum energies of 
the spectrum bands is computed with an algorithm like the 
applied in [15], but the noise component is ignored and only 
the harmonics are analysed. Briefly, the algorithm consists of 
estimating the fundamental frequency by the autocorrection 
method, and then the signal spectrum is estimated in a window 
of 60 fundamental periods. This analysis allows for a long-
term spectrum with higher resolution. For each subject 1 
second of speech is selected in a stable zone of the signal and 
its amplitude is normalized. The signal spectrum is estimated 
with 5 ms steps. The first band maximum energy (FBME) and 
the second band maximum energy (SBME) corresponding to 
the first formant are plotted in Fig.2. 

 

Fig. 2. Max Band Energy. Blue/star-healthy subjects, Red/point-unhealthy 

subjects. 

Healthy subjects have the SBME higher than the FBME. 
Contrary situation is found for unhealthy subjects. Note that 
with the difference of these two parameters a considerable 
discrimination between healthy and unhealthy subjects is 
achieved, as can be seen in Fig. 3. 

The Low Band Spectral Tilt (LBST) is given by the 
quotient of the difference between the difference of maximum 
amplitude of the two bands and the difference between the 
corresponding frequencies, as in Eq. (1). 

 

The introduction of the LBST parameter allows a more 
complete characterization, as presented in Fig. 4. Detailed 

analysis of the results and discussion will be presented in the 
next chapter. 

 

Fig. 3. Diference between maximum energies in the two bands. Blue/star-

healthy subjects, Red/point-unhealthy subjects. 

 

Fig. 4. LBST Blue/star-healthy subjects, Red/point-unhealthy subjects. 

V. RESULTS AND DISCUSSION 

From the data presented in Fig. 4, the average values are 
computed for each subject and plotted in Fig. 5 a). As can be 
seen the data are separable, that is, there is complete 
discrimination between healthy and unhealthy subjects. 

For healthy subjects the LBST mean are always positive. 
For unhealthy subjects, 29 out of 31 subjects present a 
negative LBST mean. Although two of the unhealthy subjects 
have positive LBST mean, these values are lower than the 
minimum obtained for the healthy subjects, thus ensuring 
complete discretion between healthy and unhealthy subjects, 
as the classes are separable. 

Comparing the results obtained only with the analysis of 
P1, Fig.5 b), it is verified that the data are not separable, being 
the success rate around 93% with a decision value of 300 Hz. 
In this case the misclassification will be one healthy and two 
unhealthy subjects. The presented method based on the tilt 
between bands presents an improvement in the classification 
rate, having also a simple interpretation that can be used in 

𝐿𝐵𝑆𝑇 =
𝑆𝐵𝑀𝐸 − 𝐹𝐵𝑀𝐸

𝑆𝐵𝑀𝐸𝑓𝑟𝑒𝑞 − 𝐹𝑀𝐵𝐸𝑓𝑟𝑒𝑞
    

𝑑𝐵

𝐻𝑧
                       1  



visual analysis of the spectrum or as more one parameter in 
high complexity automatic classifiers. 

 

a) Mean LBST. 

 

b) First Formant 

Fig. 5. Parameter comparation. Blue/star-healthy subjects, Red/point-

unhealthy subjects. 

This method also guarantees the identification of 
pathological voices for signals with reduced bandwidth. In 
fact, the maximum necessary bandwidth is just the vowel /a/ 
first formant frequency, typically below 1000 Hz. 

VI. CONCLUSIONS 

This work presents a new parameter for discrimination of 
pathological voices based on the low band spectrum analysis. 
The signal spectrum is divided into two bands. The first band 
contains the first and second harmonics. The second band 
contains the first formant. The LBST is computed from the 
maximum energy value of each band. With this parameter it 

is possible to discriminate all the subjects of the DBSP 
database.  

In the future LBST will be tested in other databases, as de 
MEEI database. Judging by the results obtained by a previous 
analysis, promising results are expected. Combined with other 
parameters will certainly enhance the discriminating ability of 
future classifiers.  
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