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ABSTRACT 
 

Aims: This study looks at the pathological disorders analysis from speech signals. She presents 
the effectiveness of the few parameters of the glottal source and these moments of closure for the 
diagnosis of the Parkinson’s disease. 
Study Design: This analysis is performed around the Czech database that contains many 
recordings were divided between PD and healthy control (HC). More than 68 subjects are used 
where each speaker pronounce the sustained vowel [a] in normal intonation. 
Methodology: Several researchers are trying to produce objective measures to diagnose 
Parkinson's disease or to act as an objective tool to assist in its decision-making by measuring 
some vocal parameters. In this study, we studied the hyper nasality of PD and HC using acoustic 
analyzes. 
Results: The results presented in this study indicate that speech related symptoms of PD are 
evident in the glottal flow signal. Particularly notable results were recorded for the glottal 
parameters, with the correlations found between the measurements and the deviations of the 
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speech during the pronunciation of the vowel. These results can be used as  positive indicators for 
the diagnosis of the disease 
Conclusion: This study presents a glottal source analysis with its different parameters in the 
frequency domain and the detection of the closure time by using two algorithms. This study 
suggests that these findings will be useful as objective indices that can either diagnose Parkinson's 
disease or act as an objective decision support tool. 
 

 
Keywords: Parkinson's disease; healthy control; glottal source. 
 

1. INTRODUCTION  
 
In Speech processing domain, voice quality 
analysis methods, and closure time detection 
(GCI) have been used in several research [1]. 
GCIs are referred to cases of significant 
excitation of the vocal tract during each glottal 
cycle .These instants are presented of high 
energy in the glottal signal [2].  
 
The detection of these instants has been used in 
several applications such as optimization through 
speech synthesis [3], modeling of the glottal 
source through inverse filtering [4] and speech 
modifications [5]. In recent years, several 
researches have been based on speech 
technology to facilitate the modification of the 
characteristics of the human voice for the 
evaluation of dysphonia. This study is based on 
the analysis of laryngeal pathologies related to 
the vocal cords which cause disorders during the 
production of speech. According to the model 
source filter these disorders are concentrated in 
the source of excitation named glottis source [6] 
where can detect several diseases such as 
Parkinson's disease. It is a disease is known by 
a neurological disorder characterized by the loss 
of dopaminergic neurons in the substance nigra 
pars compacta, it is associated with various 
motor and non-motor deficits [7]. Disorders 
associated with this condition often occur in the 
1% to 2% of people over 60 [8] because of 
remarkable symptoms such as muscle rigidity, 
tremors, and postural instability.  A previous 
study has shown that 70-90% of these people 
have speech impairment characterized by 
hypokinetic dysarthria [9].  
 
It affects many aspects of the vocal signal, such 
as noisy breathing, voice quality, reduced height 
and volume variability, and reduced stress [10] 
[11]. This is why dysarthria is a prodromal 
manifestation that may be present several years 
before diagnosis with its various indices that can 
give important information in the treatment of the 
voice in the patients themselves [12,13].  

In particular, several studies have been carried 
out on the behavior of the glottal waveform 
estimated from the vocal signal in order to 
identify these indices, which behave differently in 
parkinsonian speech, contrary to healthy speech.   
 
This research was motivated by several studies 
using the potential of orthopedic measures to 
diagnose disease [14] and studies describing 
glottal behavior with GCI analysis to obtain an 
accurate estimate using the SEDREAMS [15] 
and SE-VQ methods [16].  
 
The organization of this document and as 
follows. In the first section, we present the glottal 
model as well as the vocal data used in the 
source analysis. The following section describes 
the experience, the results obtained, and finally a 
conclusion contains a summary and future work. 
 

2. MATERIALS AND METHODS  
 

2.1 Database 
 
For the purposes of the current study recordings 
from a total number of 68 subjects was used. All 
the participants were equally distributed between 
PD and HC groups.  The PD group consisted of 
20 males and 14 females. 
  
All the participants met the criteria for the 
diagnosis of Parkinson's disease and were on 
the stable dopaminergic medication for at least 4 
weeks before the date of examination, which was 
performed in the on medication state.  
 
Before the experiment, each patient underwent a 
neurological examination, was scored according 
to the Hoehn and Yahr (H&Y, ranging from 1 to 
5, where 1 indicates mild unilateral motor 
disorder and 5 indicates confinement to 
wheelchair or bed) [17] and the motor section of 
Unified Parkinson’s Disease Rating Scale 
(UPDRS III, ranging from 0 to 108, with 0 for no 
motor manifestation and 108 representing severe 
motor distortion).  
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The healthy control group (HC) was composed of 
20 males and 14 females. None of the 
participants had a history of neurological.  
 
The study was approved by the Committee of the 
General University Hospital in Prague, Czech 
Republic. The description of some records used 
in this document is displayed in the following 
Table 1. 
 

Table 1. Statistics of patients 
 
 General 

age 
Female 
group  

age 

Male group 
age 

F/M mean SD mean SD mean SD 
PD 
14/20 64.21 9.46 60.14 8.90 67.05 8.97 
HC 
14/20 64.21 9.22 60.29 8.65 66.95 8.79 

 

2.2 Experimental Settings 
 
The recordings were made in a quiet room with 
the presence of a specialist scientist the signal 
was digitized at a sampling rate of 48 KHz and a 
quantization of 16 bits. He used a Beyer-
Dynamics Opus 55 microphone, Heilbronn, 
Germany) placed 5 cm from the patient's mouth 
and asked the participants to breathe and 
pronounce the A vowel as long as possible. 
 

3. PHYSIOLOGY OF SPEECH 
PRODUCTION 

 
The acoustic theory of speech production 
presented by Fant [18] is based on the analysis 
of glottal sources. It is a theory that allows the 
functional separation of speech production in two 
parts (source and filter) to improve the 
understanding of this phenomenon. The filter is 
assumed linear time invariant (LTI), which means 
that each short-term speech segment contains 
constant parameters without any interaction with 
the glottal source.  Some diseases can cause 
changes during speech production. These main 

symptoms result in the amplitude variation and 
pitch perturbation called by the aperiodicity in the 
vocal signal also the acceleration decrease as it 
is displayed in the following Table: 
 

Table 2. The most deviant criteria in 
Parkinson’s disease 

 
Monotony 
Decrease in accentuation 
Mono-intensity 
Uncertainty of the consonants 
Inappropriate breaks 
Brief acceleration (paroxysmal) 
Hoarsely 
Blown voices 
Average height (lowering) 
Variable flow (accelerated) 

 

3.1 Proposed Method  
 
In this section, we present our methods and its 
different steps in the following Fig. 1. 
 
3.1.1 The moments of glottal (opening and 

closure) 

 
The periodic movement of the vocal cords 
characterizes the laryngeal cycle, with these 
opening moments and closure. The excitation of 
vocal leads is made at the instant of closing of 
the glottis, it represents the most significant 
moment and its determination is an important 
step especially in the case of pathological. The 
detection of his instants was made through two 
well-known algorithms the first base on the mean 
(SEDREAMS) and the second SE- VQ. 
  
3.1.1.1 Method residual excitation and a mean 

based signal (SEDREAMS) 
 
It is a method based on residual excitation 
presented by Drugman [19]. It is based on the 
signal mean in the same way as the ZFF method 
except that it is calculated directly from signal 
rather than the 0 Hz resonator output. 

 

 
 

Fig. 1. Different steps for features extraction 
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3.1.1.2 Method (SE-VQ) 
 
This method is based on the SEREAMS 
algorithm with some modification to better 
manage voice quality (VQ). These changes 
make it possible to select the optimal path at the 
location of GCI by removing the false positives 
found in the squeaky signal [20]. 
 
3.1.2 Glottal source estimation  
 
The estimation has been the subject of several 
works but it is very well known that the voice is 
produced by an excitation signal (source) 
convoluted by an impulse response at the vocal 
tract (filter) 
 

S(n) = g(n). v(n). r(n)																																							(1) 
 
In the z domain, the model can be defined as: 
 

S(Z) = 	G(Z). V(Z). R(Z)																																					(2) 
 
Where R (Z) represents the discrete time 
radiation impedance and V (Z) the discrete time 
speech signal of the volume velocity at the glottis 
and E (Z) the discrete signal enters the time 
domain. Any loss in the system occurs by 
radiation on the lips through which has a high-
pass filtering effect modeled with a single Zero 
such that R (Z) = 1-�_� 
 
The majorities of the estimation methods are 
based on inverse filtering. They make it possible 
to estimate the vocal tract and dismount its glottis 
flow by eliminating its contribution produced by 
the vocal tract.  
 
The most used is the iterative adaptive inverse 
filtering method (IAIF) [23] that is based on 
iterative filtering as well as the glottis 
components. The latter also had an improvement 
through the replacement of the LPC analysis by 
the technique DAP (Discret all pole) [22] which 
gave more precise results for the acute voices 
[21]. 
 
3.1.3 Glottal features 
 
3.1.3.1 Frequency domain features 
 

Parameterization of the frequency of the glottal 
source has been used in several studies to 
evaluate the spectral slope of the glottis source 
using the fundamental frequency and its 
harmonics.  

Such a measure, called the Harmonic Richness 
Factor (HRF), has been demonstrated by [24]. 
This parameter quantifies the amount of 
harmonics in the spectrum of the glottal source.          
It is defined as the ratio between the sum of                
the amplitudes of the harmonics and that of                
the fundamental frequency. Another measure 
has also been used is the parameter H1-H2               
[25]. 
 
It is known by the ratio between the amplitudes 
of the source and the second harmonic and it is 
used to characterize the quality and the             
variation of the human voice [26] also the PSP 
parabolic spectral parameter, which makes it 
possible to quantify the volume of the glottal 
wave at the limit of the maximum spectral             
decay. 
 

4.  RESULTS AND DISCUSSION 
 
We did a comparative study between the two 
methods in order to detect the closing moments 
as it is presented in the following Fig. 2. A 
remarkable difference is displayed because of 
the disruption of the glottis during a cycle. It is 
clear that the GCI obtained by the SE-VQ 
algorithm is more accurate since it is able to 
select the optimal closure time path through post-
processing in order to remove the false positives 
that occur in the acute regions of the speech. 
Which explains our choice to use it in our 
analysis for the measurements of the frequency 
parameters. 
 
In this context, we measured the hypernasality of 
PD and HC using acoustic analyzes. With these 
measures, we found positive direct correlations 
between the two bases with the wilcoxon rank 
sum test as shown in Table 1. The analysis 
revealed a significant difference in the   H1_H2 
(Z = -2.63, n1 = n2 = 34, p < 0 01) and PSP (Z = 
-2.34, n1 = n2 = 34, p < 0 05).   
 

Table 3. Acoustic analyzes between all 
groups 

 
Particulars Z P 
HRF 
H1H2 
PSP 

1.26 
-2.63 
-2.34                      

0.20 
0.008 
0.01 

 
For analysis of the relationship between 
measures and clinical manifestations no 
statistically significant correlation was found (see 
Table 4). 
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Fig. 2. GCI determination from HC and PD obtained by SE-VQ and SEDREAMS 
 
Table 4. Results of correlations between acoustical and perceptual measures of hyper nasality 

and clinical manifestations of PD groups 
 
Particulars UPDRS UPDRS speech UPDRS rigidity 
 P r P r P r 
H1H2 0.44 0.13 0.18 0.23 0.34 0.17 
HRF 0.25 -0.20 0.70 0.06 0.62 -0.08 
PSP 0.42 0.14 0.40 0.14 0.96 0.007 

 
The results obtained in this paper on the glottal 
flow estimation are encouraging, The effects of 
the disease were also demonstrated in the study 
[27] with laryngeal abnormalities that gave a high 
degree of sex differences. The same effects 
were found in [28] through aerodynamic 
differences in mean subglotal pressure and 
laryngeal resistance such that the majority of 
patients were unable to produce phonation at 
comfortable intensity levels for normal subjects. 
This proves that voice production in Parkinson's 
disease is a complicated process and abnormal 
stiffness of the larynx is not the only cause, but it 
has been shown to be a significant cause of 
pathological vibratory characteristics. The same 
also with kinematic, pressure and airflow 
parameters were used to study the nature of 
voice breathing [29]. 
 
In addition, some recent studies have shown that 
the vocal tract is also important for voice 
production based on a nonlinear vocal model 
with high coefficients and that has captured 
many vocal features and processing effects the 
voice in Parkinson's disease. 
 
5. CONCLUSION 
 
This study focus on the use of the parameters 
describing the glottal source to characterize the 
laryngeal pathologies. Using measurements of 
the glottal source, our study minimizes the effect 
of other speech system deficits such as 
articulatory interruptions and reveals a significant 
effect of PD on the vocal cords. The results 
found showed a good robustness with respect to 

the reduced quality of the speech signal caused 
by the variation of the speech because of the 
disease. 
 
In future work, we are firstly, motivated to extract 
the same features from different vowels with 
intonations (low high and low-high-low). Where 
the main objective is to find a best separation in 
particular with pathological voice. 
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