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Abstract

of potential biomarkers. But, which type of tasks can be used
within the analysis? Multiple studies have found enough evidences to propose biomarkers or automatic diagnosis schemes
based on a patient’s eye movements [3], or handwriting [4],
among others. Speech can also be used to evaluate PD because
it involves coordination and precision of movements in mainly
the laryngeal and articulatory muscles [5].
Multiple studies have analyzed the phonatory, articulatory,
prosodic and linguistic aspects of parkinsonian speech, and of
them have proposed the use of artificial intelligence to provide diagnostic and assessment tools. Typical approaches include voice quality measurements (noise, frequency and amplitude perturbations, etc.) and classifiers such as Support Vector Machine (SVM) or Random Forest to identify patients with
PD employing sustained phonations [6, 7]. Others propose the
use of speech characterizations such as filterbank features or
Mel-Frequency Cepstral Coefficients (MFCC) as input to SVM,
Gaussian Mixture Model (GMM) and, in some cases, neural
networks [8, 9]. An extensive review of these approaches and a
list of common features and corpora can be found in [10, 11].
The purpose of this study is to propose new approaches to
support the clinical diagnosis of PD by employing speech as the
object of observation and to obtain new information about the
influence of PD in different articulatory movements.

Parkinson’s Disease (PD) is a neurodegenerative condition that
affects the motor capabilities of individuals. Early detection
can potentially contribute to slow its progression in a near future. Therefore, new objective and reliable tools are needed
to support its diagnosis. Literature suggests that the patients’
speech can provide relevant information about the presence of
the disease. In this study, five sets of experiments were carried out, each containing new approaches to detect the presence
of the disease in the speech of idiopathic PD patients and control speakers from three parkinsonian corpora, two of them in
the Spanish language. Different speech frame selection techniques are proposed, such as phonemic and acoustic landmark
distillation, providing certain specific speech segments of interest to this work’s purposes. Multiple cepstral and spectral
features were employed, along with several classification techniques based on Gaussian models and speaker embeddings. The
best accuracy results in detecting PD with the proposed methodologies reached values ranging from 85% to 94% with Area
Under the Curve between 0.91 and 0.99, depending on the corpus. Results suggest that PD affects the movements related to
all of the studied articulatory segmental groups but has a more
evident influence in the consonants with a greater narrowing of
the vocal tract, mainly plosives and fricatives. The new proposed methodologies demonstrate their ability to support PD’s
diagnosis during a patient’s clinical assessment and are a step
forward in PD’s speech-based diagnosis systems.
Index Terms: Parkinson’s Disease, speaker recognition,
GMM-UBM, phonemic distillation, acoustic landmarks

2. Hypothesis and goals
The phonatory and articulatory aspects of the patients with idiopathic PD are affected by the motor dysfunctions associated
with this neurodegenerative disease [5]. Our hypothesis is that
the resulting speech impairments, inaccuracy of articulatory
movements and modified patterns of acceleration and velocity
of the articulators can be characterized using signal processing techniques. This characterization, combined with machine
learning classification schemes employed in speaker and speech
recognition, can yield new tools for the diagnosis of PD.
The main goal of this study is to analyze distinct advanced
speech processing technologies and machine learning techniques for the detection and assessment of PD from the speech’s
articulatory and phonatory aspects. Some specific objectives
derived from the main goal are: 1) the analysis of supervised
schemes to detect PD from phonatory aspects of speech; 2) the
analysis of several supervised and unsupervised new schemes
to detect PD from articulatory aspects of speech; 3) the analysis
of the role of the distinct phones and articulatory manners (plosives, fricatives, nasals and liquids) in the automatic detection
of PD; 4) the analysis of the distinct transitions between phones
and their influence in the detection of PD; 5) the identification of
the advantages and disadvantages of the different speech tasks
in the proposed schemes to detect PD; 6) the analysis of the
combination of a phonatory and articulatory subsystems to au-

1. Introduction
In this document we present an overview of the thesis [1] of the
first author titled ”Towards the differential evaluation of Parkinson’s Disease by means of voice and speech processing”1 to the
Iberspeech 2020 Ph. D. Thesis Special Session.
Parkinson’s Disease (PD) affects to 1% of the population
over the age of 60 in industrialized countries and, with increasing life expectancy, it is expected to affect to more than 9 million people in industrialized nations by 2030 [2]. A slower advance of the disease in patients will diminish its impact on their
daily activities and increase their quality of life. It will also
greatly reduce the economic burden of PD of health-care systems. Unfortunately, the diagnosis is based on the assessment
of a patient’s signs and symptoms over an observation period
which can last from months to years. Since PD is a motor
system disorder, the analysis of a patient’s movements while
performing a complex motor task can lead to the identification
1 Available at:
http://oa.upm.es/51278/1/LAUREANO MORO VELAZQUEZ.pdf
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tomatically detect PD; 7) the study of articulators’ kinematics
and its relevance in the automatic detection of PD; 8) The study
of the generalization properties of the proposed systems.

tion of PD. The speech signals from the different corpora were
segmented and labeled (when possible) by using forced alignment techniques. The segments containing a single phone category depending on the manner of articulation (fricative, liquid,
nasal, plosive and vowels) were used to train and test separately
GMM-UBM classifiers (one classifier per manner) employing
PLP as features. Thus, the obtained models to detect PD were
focused on these different phonetic groups. The different trials
were performed in three parkinsonian corpora. In this case, a
fusion of scores coming from the models trained using different specific segments was also carried out. Finally, a group of
cross-corpora trials was performed to validate the optimal configurations.

3. Methodology
In this study we propose new approaches for the automatic detection of PD employing speech technologies which had not
been exploited before for this task. Additionally, a combination of the articulatory and phonatory aspects is explored with
the aim of using the potential complementary capabilities of the
correspondent used methodologies for the automatic detection
of the disease. Within each experiment, different approaches
or variations of the same basis scheme were proposed in order
to find the optimal solution. Six speech corpora, described in
Section 4, were employed to carry out the experiments.

3.4. Experimental set 4: Acoustic landmark distillation
In this fourth articulatory experiment [19], different speech segments related to relevant articulatory moments, such as bursts,
transitions between vowels and consonants or the beginning and
end of glottal activity, were used to identify relevant transition
segments which were employed to detect PD, using an acoustic
landmark distillation. This experiment is similar to Experiment
3 but in this case, instead of using whole phonetic segments,
only the transitions are used. To identify the acoustic landmarks
and, thus, the transition segments, the methodology proposed
by [20] was followed. In this case, new GMM-UBM classifiers were trained and tested using burst, sonorant, and glottal
transition segments separately. Then, a fusion of scores from

3.1. Experimental set 1: Speaker recognition technologies
In this experiment [12], several speaker recognition techniques
were applied and adapted for the automatic detection of PD
using the patient’s speech. Three families of features were
considered, MFCC, Rasta-Perceptual Linear Prediction (PLP)
and Linear Predictive Coding (LPC), along with their respective derivatives, utilizing multiple configurations. Equally,
two classification techniques, namely Gaussian Mixture ModelUniversal Background Model (GMM-UBM) and i-Vectors with
Gaussian Probability Linear Discriminant Analysis (GPLDA),
were used to train and test the automatic detectors. The objective of this study was twofold: firstly to evaluate the application of these techniques to a new scenario, analyzing their
different degrees of freedom to establish a baseline to compare
results with further studies; and secondly, to evaluate the influence of kinetic changes of instantaneous coefficients and the
importance of the time window used to estimate the derivatives
for the detection of PD. A large amount of trials were performed
using a single parkinsonian and a single auxiliary corpus. The
configuration leading to the best results was tested again with
the other two remaining parkinsonian corpora. Finally, crosscorpora trials were performed to validate the methodology at
the optimum configuration.

a) Articulatory approaches
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b) Phonatory and combined approaches

3.2. Experimental set 2: Forced Gaussians

Experiment 5
Parkinsonian CP
(PD - Controls)

In this second experiment [13], several approaches using GMM
are proposed. In this experiment, a Forced Aligmnent Model
(FAM) was built to automatically segment and align all the
frames on the speech in the parkinsonian and Universal Background Model (UBM) corpora. The resulting phonetic labels were employed to build GMM-UBM models containing
Gaussians which were specific for each phonetic label (forcedGMM), yielding models able to compare all the phonetic units
of the parkinsonian and control speakers more precisely. The
different trials were performed in the three parkinsonian corpora. Finally, a group of cross-corpora trials was performed to
validate the optimal configurations. These experiments allowed
us to obtain more precise PD detectors and to evaluate which
phones were more relevant in the automatic detection of PD.
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3.3. Experimental set 3: Phonemic distillation

Figure 1: Overview of the methodology employed in the study,
including the four experiments on the articulatory approaches
(a), the phonatory approaches, and the combination of the
phonatory approach with one articulatory approach (b), where
the articulatory part corresponds to the methodology providing
the best results among the four articulatory experiments. CP
stands for ’corpus’.

As several works in the literature point out, the consonants produced after a strong constriction of the articulators are usually
more affected by PD [14, 15, 16]. The idea behind the third
experiment [17, 18] was to use only specific segments of the
speech, depending on the manner of articulation and the narrowing of the vocal tract to analyze their influence in the detec-
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Table 1: Best cross-validation results for each experiment as a
function of the employed corpus and speech task. Sust. v. stands
for sustained vowel, and Exp. for Experimental set.

the different models (one per segment type) was performed to
combine systems.
3.5. Experimental set 5: Phonatory analysis and score fusion
A large portion of the approaches found in literature use jitter, shimmer and noise to detect PD [11] but not many of them
propose new features for this task. In the experimental set 5
[21], a new group of features based on the use of Modulation
Spectrum (MS) [22, 23]2 were used in a GMM classification
scheme to automatically discriminate patients from controls in
three different corpora. These features, containing information
about noise, voice frequency and amplitude perturbations, and
tremor, were considered as appropriate for the proposed task.
To finish the experiments, a fusion of scores between the phonatory approach and the articulatory approach yielding the best
results in terms of accuracy and Area Under the Curve (AUC)
was performed in order to combine the two aspects into a single
approach.
A scheme of all of the experiments studied in this study and
the final combination of aspects can be found in Figure 1.

Corpus

Speech
task

GITA

TDU

1
2
3
4

DDK

1
2
3
4

Monol.

1
2
3
4

Sust. v.

5

TDU +
Sust. v.
Neurovoz

4. Corpora
In this study, six corpora were employed: Neurovoz [13], GITA
[24], CzechPD [25], Albayzin [26], Vystadial-Czech [27] and
FisherSP [28]. The first three corpora contain different speech
tasks from parkinsonian and control speakers and were used to
train and test the models proposed in the methodology. The
three latter corpora are considered auxiliary and were employed
to train UBMs and FAMs. The mother tongue of the subjects in GITA, Neurovoz, Albayzin and FisherSp is the Spanish
language, whereas CzechPD and Vystadial-Czech contain the
speech from Czech speakers.
The Neurovoz corpus3 is a new speech dataset recorded in
this study. It contains 47 parkinsonian and 32 control speakers whose mother tongue is Spanish Castillian. This corpus
was recorded in collaboration with the otorhinolaryngology and
neurology departments of the Gregorio Marañón hospital in
Madrid, Spain.

CzechPD

5. Results and discussion

Accuracy
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80 ± 8
81 ± 8
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85 ± 7

0.85
0.88
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0.86
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0.81
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1
2
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1
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0.9
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1
1
1

DDK
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more influential in the detection of PD, while nasal consonants
are the less influential. The results suggest that the phones /C/,
/D/, /g/ and /R/ tend to produce better accuracy, and /m/ and /B/
are less relevant in the detection of PD.
Additionally, other two new techniques were proposed in
this study: phonemic distillation (experimental set 3) and acoustic landmark distillation (experimental set 4). While both techniques are based on frame selection, the first one uses specific
speech segments related to the manner of articulation, such as
plosives or fricatives, while the second one is focused in the selection of certain types of transitions (from silence to plosive
phone or from vowel to consonants). The use of phonemic
or landmark distillation in the UBM produces improvements
respect to the baseline (Experimental set 1) in the three corpora and with almost any speech task. Attending to Tables 1
and 2, the results of Experimental set 3 (phonemic distillation)
tend to outperform the rest of the approaches in the k-folds
cross-validations and in the cross-corpora validations. Crossvalidation results are reported at speaker level. In the crossvalidation process, the speakers considered in the training folds
were not included in the testing folds.
Concerning the cross-corpora tests (carried out using only

Table 1 contains the best results of the five experimental sets
for the parkinsonian corpora employing different speech tasks:
Text-Dependent Utterance (TDU), Diadochokinetic (DDK),
monologues and sustained vowel /a:/. Table 2 includes the
cross-corpora results for experimental sets 1, 2, 3, and 4. In this
last case, each parkinsonian corpus was used to test the models
trained with the other two parkinsonian datasets. Best results
per corpus are shaded and best overall results are in bold. The
first experimental set is considered the baseline of this study and
provides maximum accuracy results between 81% and 91%,
with AUC between 0.88 and 0.94 depending on the employed
corpus and speech task.
The forced-GMM techniques proposed in the experimental
set 2 can be considered novel on PD detection, and these allow
us to observe the influence of PD in each of the individual phonetic units. The results suggest that phonetic units requiring a
higher narrowing of the vocal tract but without a burst tend to be
2 MS
features
code
available
at:
https://github.com/jorgomezga/AVCA-ByO
3 Data and more information about this corpus are available at
https://zenodo.org/record/3557758
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Table 2: Best cross-corpora results for all the experiments. In
all cases, speech task is DDK.
Test corpus
GITA

Exp.
1
2
3
4

Neurovoz

1
2
3
4

CzechPD

1
2
3
4

Accuracy
AUC
± CI

Sens.

Spec.

0.82
0.76
0.84
0.81

0.84
0.9
0.86
0.8

0.62
0.42
0.64
0.66

0.82
0.78
0.83
0.83

0.8
0.87
0.91
0.78

0.65
0.5
0.62
0.73

0.91
0.87
0.95
0.95

1
0.95
0.85
1

0.5
0.5
0.79
0.57

73 ± 9
66 ± 9
75 ± 8
73 ± 9

75 ± 10
74 ± 10
81 ± 9
76 ± 10

79 ± 14
76 ± 14
82 ± 13
82 ± 13

plemented in further studies employing other state-of-the-art
speech and speaker recognition methodologies such as endto-end Automatic Speech Recognition (ASR) models [29], xvectors [30] or Long Short-Term Memory (LSTM) networks
[31], providing new approaches and insights about how PD affects the speech of patients.

6. Conclusions
In this study, new approaches to support the differential evaluation of PD by means of voice and speech processing have been
proposed and analyzed.
One of the first conclusions obtained from the analysis of
results is that kinematic changes, characterized by means of the
derivatives of PLP coefficients of speech are crucial in the detection of PD using speech. These provide information about
acceleration and velocity of the articulators during speech, two
characteristics that are highly influenced by the disease in the
forms of hypokinesia or other types of kinetic impairments such
akinesia or bradykinesia.
Also, since the motor dysfunctions caused by PD produce
misarticulation, results suggest that these deficits can be found
in different types of segments of speech (i.e, distinct groups of
phones and transitions). The articulatory movements requiring
a higher narrowing of the vocal tract, that normally occur during
the pronunciation of fricatives and plosives, are the most influenced by the disease. However, these are not the only segments
of speech containing information about PD since schemes based
only on vowels provide significant results too. Results suggest
that PD influences all the studied phonetic groups, affecting to
the articulatory sequence as a whole. For this reason, the analysis of phonetically balanced speech tasks allows to evaluate the
presence of PD from speech by using automatic detectors. Additionally, when employing TDU as speech tasks, the obtained
classification models are text-dependent and allow to compare
more precisely the articulation of patients and controls since all
the speakers repeat the same sequence of phonemes.
Regarding the two studied speech aspects, the discriminatory properties of the proposed phonatory approaches are quite
limited in comparison with the articulatory approaches. The
combination of these approaches yields better results in some
cases but the advantages of this combination are unclear.
Finally, the best results obtained with the proposed methodologies reach accuracy values ranging from 85% to 94% with
AUC between 0.91 and 0.99 and sensitivity between 0.82 and
0.91 depending on the parkinsonian corpus considered. These
results are obtained employing the proposed phonemic distillation technique in the UBM corpus in a GMM-UBM classification scheme. These values can be considered close to the
maximum feasible accuracy which is estimated to be around
95% due to possible misdiagnosis in the corpora [13]. These
true limits have not been considered before in other works performing automatic detection of PD. The proposed approaches
exhibit a lower accuracy in the cross-corpora trials with respect
to the cross-validation (k-folds) trials but still between 75% and
82% with AUC between 0.84 and 0.95 and sensitivity between
0.85 and 1, depending on the testing corpus, indicating that
these approaches generalize in scenarios with different recording conditions.

DDK task as it is the only common task in the three corpora)
the best AUC is never reduced more than 0.05 absolute points
respect to the k-folds trials, as it is observed in Table 2. The use
of cross-corpora trials –i. e. classifiers trained with a corpus
and evaluated with a different one– for the automatic detection
of PD is a novelty by itself since, to the authors of this study’s
knowledge, no published work had succesfully performed this
type of trials before.
Globally, the highest accuracy obtained in the trials is 94%
with AUC of 0.99, sensitivity of 0.90 and specificity of 1.00, in
the CzechPD corpus using acoustic landmark distillation on the
UBM, Experimental set 4. It is important to consider that this
corpus mainly contains newly diagnosed patients. Therefore,
results suggest that the new proposed approaches can be valid
detecting PD in early stages. The best results obtained in the kfolds cross-validation in the three corpora are always over 85%,
as shown in Table 1.
In this study four types of speech tasks were considered:
TDU, DDK tasks, monologues and sustained vowel /a/. TDU
provided the best results in almost every trial, as it can be inferred from Table 1. In this respect, a detailed analysis of the
results reveals that the impact of PD on speech is not limited to
a few articulatory movements, phones or transitions, but influences them all in a higher or lower degree. TDU contain more
variety of phones and articulatory movements than DDK tasks,
justifying the differences between the results provided by both
tasks. On the other hand, although monologues include a larger
variety of articulatory movements than DDK, these are different for each utterance in the training and testing sets and the
resulting models are text-independent. Text-dependent models
demonstrate to outperform text-independent approaches as the
first ones allow to compare more precisely the same specific
segments (transitions, phones, acceleration or velocity of articulatory movements, etc).
These experiments were carried out employing only idiopathic PD patients and controls, and no other parkinsonism or
neurodegenerative disease such as Friedrich’s ataxia or Huntington’s Disease (HD) has been considered. Consequently, it
is not possible to evaluate if the proposed approaches provide
discrimination between idiopathic PD and other neurodegenerative diseases, important for early diagnosis, which will be
carried out in future studies. The analysis of results from male
and female subjects separately, creating their respective specific
models would have been desirable. However, larger corpora are
advisable for these purposes.
Finally, the analysis performed in this work has been com-
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