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Abstract: This paper deals with acoustic analysis of hypokinetic dysarthria. Hypokinetic dysarthria is
a speech motor dysfunction that is present in approximately 90% of patients with Parkinson’s disease
(PD). The work is mainly focused on parameterization techniques that can be used to diagnose or
monitor this disease as well as estimate its progress. Acoustic analysis can be used to estimate a grade
of hypokinetic dysarthria in fields of phonation, articulation, prosody and speech fluency. Regarding
the parameterization, new features based on RASTA method were proposed. The analysis is based on
parametrization of sentences complicated for articulation. Experimental dataset consists of 101 PD
patients with different disease progress and 53 healthy controls. For the purpose of feature selection
we employed mRMR (minimum Redundancy Maximum Relevance) method.
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1 INTRODUCTION

One of the most frequent neurodegenerative disease is Parkinson’s disease (PD) [1]. This disease was
firstly described by James Parkinson in his essay entitled “An Essay on the Shaking Palsy“ in 1817.
PD is a chronic idiopathic disorder with the unknown aetiology characterized by the progressive loss
of dopaminergic neurons in part of basal ganglia called substancia nigra pars compacta [2]. This
disorder is associated with motor deficits like resting tremor, muscular rigidity, postural instability
and bradykinesia. In addition to these clinical signs, there is also a reduction of cognitive abilities,
develop of behavioural alternations and many worldwide studies showed that one of the most frequent
manifestation sign of patients with PD is speech disorder. In 60-90 % of these patients, we speak
about hypokinetic dysarthria (HD) [3], which is characterized by monopitch, monoloudness, harsh or
breathy voice and especially bad articulation.

Articulation disorders are the common manifestations of HD in patients with PD. This kind of disorder
mainly occurs in consonants pronounciation. It is caused by an incorrect functionality of articulation
organs such as the lips, tongue tip, middle of the tongue, the tongue, glottis or larynx [4].

Articulation problems of sentence units are explored in the work of Weismer et al. [5] In this case,
patients affected by Amyotrophic lateral sclerosis (ALR) and mainly PD were analysed. The authors
observed smaller vowel space area for PD then healthy speakers. Pell et al. [4] monitored pronunci-
ation of sentence units and found out that the PD patients were characterized by more pronunciation
errors than the healthy controls. Thanks to the articulation parameterization, they were able to differ-
entiate PD patients and healthy speakers with 80 % accuracy.

This paper mainly deals with the analysis of sentences complicated for articulation. The aim of this
study is to differentiate PD and healthy speech with the highest discrimination power in Czech lan-
guage and introduce new speech features based on the Relative Spectral Transform (RASTA) method.
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The article is organized as follows. Section 2 presents a dataset and methods used in this study.
Feature extraction and analysis techniques are described here. Experimental results are given in
section 3, and, finally, section 4 provides a discussion and some conclusions

2 PATIENTS AND METHODS

2.1 PATIENT DATABASE AND DATA ACQUISITION

A total of 154 Czech native speakers were tested. Altogether, 101 PD patients (60 men, 41 women;
mean age 67.52±8.29 years) and 53 gender matched healthy controls (26 men, 27 women; mean age
63.96±9.21 years) were enrolled at the First Department of Neurology, St. Anne’s University Hospi-
tal in Brno, Czech Republic. The healthy participants had no history or presence of speech disorders
or brain diseases such as neurological and psychiatric illnesses. All participants signed an informed
consent form that had been approved by the Ethics Committee of St. Anne’s University Hospital in
Brno. Each of the participants uttered 2 sets of five sentences complicated for the articulation. In the
first set we monitored intelligibility of five sentences (9.2-1 to 5), while in the second set (another five
sentences), we focused on fatigue of vocal organs (9.2-l-1 to 5). Both sets consist of the the same five
sentences, however, the second one was uttered after approximately fifteen-minute speech training:

in Czech

9.2(-l)-1 Do čtvrt hodiny tam byla smršt’.
9.2(-l)-2 Prohovořte to s ním dopodrobna.
9.2(-l)-3 Při ústupu pluku duní bubny.
9.2(-l)-4 Kuchařští učni nejsou jak zlatničtí.
9.2(-l)-5 Celý večer se učí sčítat.

English translation

In a quarter of an hour there was a whirlwind.
Talk to him in detail.
Drums are pounding during the retreat of regiment.
Apprentices of cookery school are not as those from goldsmith one.
He is learning to add the whole evening

All these sentences were read aloud. Speech samples were digitized by sampling frequency fs =
48kHz and consequently resampled to 16kHz.

2.2 METHODOLOGY

The feature extraction stage included calculation of conventional parameters such as fundamental fre-
quency F0 [7], 6 kinds of shimmer and 5 kinds of jitter, short-time energy STE, Teager-Kaiser energy
operator TKEO, low short-time energy ratio LSTER, median of power spectral density MPSD, for-
mants F1–F3 and their bandwidths BW1–BW3, percentual pause ratio PPR, interpause speech duration
ISD, total speech rate TSR, net speech rate NSR [8], articulation rate AR and harmonic-to-noise ratio
HNR.

We also calculated features based on the method speech enhancement called RASTA. This method
of uses digital bandpass filters in the range from 1Hz to 16Hz applied in speech spectrogram over
time axis. Thanks to this, these fetaures quantify changes in position of the speech muscles during
speech production. Therefore this method appears to be suitable to describe the articulation in patients
with PD. However, in the case of our newly proposed method, we applied this filtering to the power
spectral density of first and second formant. These features are labeled as E RASTA(Fx-y), where x
represents order of formant and y number of filter bank (A total of 5 bands).

If the feature has been represented by vector, we have employed transformation to scalar value based
on median, standard deviation (std), 1st percentile (1p), 99th percentile (99p) and interpercentile range
(ir) defined as 99p−1p. For the purpose of speech feature extraction, we used Praat acoustic analysis
software [9] and functions developed in MATLAB software.

To evaluate discrimination power of the sentences complicated for articulation we calculated mutual
information (MI) and Spearman’s rank sum correlation between resulting speaker’s label and feature
vectors. Then we employed Mann-Whitney U test and finally classification based on random forests.
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Table 1: Preliminary individual statistical analysis of top features calculated for both genders sepa-
rately.

Task code Feature ρ MI p ACC [%] SEN [%] SPE [%] TSS

Female participants

9.2-1 BW2 (min) −0.0719 0.4801 0.0038 50.00 65.85 70.37 1.70

9.2-2 BW2 (median) −0.1521 0.2846 0.0171 47.06 65.85 77.78 1.75

9.2-3 BW1 (max) 0.0698 0.2095 0.0035 57.35 75.61 66.67 1.75

9.2-4 TKEO (median) 0.1455 0.3750 0.0151 60.29 75.61 59.26 1.67

9.2-5 TKEO (median) −0.1591 0.5983 0.0186 45.59 60.98 74.07 1.68

9.2-l-1 E RASTA(F2-3) 0.0551 0.4801 0.0022 55.88 70.73 62.96 1.68

9.2-l-2 NST50 −0.0220 0.2846 0.0004 52.94 70.73 70.37 1.74

9.2-l-3 E RASTA(F1-5) −0.0683 0.8638 0.0034 48.53 58.54 62.96 1.58

9.2-l-4 B2 (ir) 0.0046 0.7271 0.0000 52.94 63.41 62.96 1.63

9.2-l-5 voicing nbreaks −0.3297 0.0682 0.0888 41.18 65.85 92.59 1.81

Male participants

9.2-1 relF0SD −0.0474 1.0000 0.0016 55.81 70.00 73.08 1.76

9.2-2 E RASTA(F1-2) −0.1026 1.0000 0.0078 53.49 68.33 76.92 1.77

9.2-3 F0 (median) 0.0628 1.0000 0.0028 60.47 71.67 65.38 1.71

9.2-4 E RASTA(F2-5) −0.2083 0.3037 0.0000 60.47 78.33 76.92 1.84
9.2-5 TPT50 0.1171 0.6147 0.0096 63.95 76.67 65.38 1.74

9.2-l-1 STE (min) −0.2693 0.5176 0.0571 44.19 58.33 84.62 1.71

9.2-l-2 TKEO (var) 0.0027 0.6147 0.0000 59.30 73.33 73.08 1.78

9.2-l-3 F0 (max) 0.0246 0.8693 0.0004 59.30 71.67 69.23 1.74

9.2-l-4 F0 (max) −0.1100 0.5176 0.0089 51.16 61.67 73.08 1.68

9.2-l-5 TKEO (1p) −0.3112 0.2631 0.0763 40.70 53.33 84.62 1.65
ρ – Spearman’s rank correlation coefficient; MI – mutual information; p – p-values of Mann–Whitney U test; ACC –
classification accuracy; SEN – sensitivity; SPE – specificity; TSS – trade-off between sensitivity and specificity; 9.2-1 to
9.2-5 – speech tasks used for the intelligibility evaluation; 9.2-l-1 to 9.2-l-5 – speech tasks used for the analysis of the
fatigue of vocal organs

The results were expressed by classification accuracy (ACC), sensitivity (SEN), specificity (SPE) and
trade-off between sensitivity and specificity (TSS), which can be defined as:

TSS = 2sin( π·SEN
2 )sin( π·SPE

2 ). (1)

A main problem of data analysis is presence of very large number of features, which inhibits detection
of useful patterns underlying the data. Therefore, in the last step we performed classification along
with minimum Redundancy Maximum Relevance (mRMR) algorithm [10], in order to reduce the
dimensionality of input feature set and remove non-relevant features.

3 EXPERIMENTAL RESULTS

Altogether, we calculated more than 1100 speech features per subject. As can be seen in Tab. 1,
the highest discrimination power for females (evaluated by accuracy) has TKEO (median) (ACC =
60.29 %, SEN = 75.61 %) extracted from task 9.2-4. voicing nbreaks with SPE = 92.59 % and TSS
= 1.81 (9.2-l-5) is significant as well. On the other hand, in the case of males the most significant
features is TPT50 with ACC = 63.95 % (9.2-5) and feature E RASTA(F2-5) with the highest TSS =
1.84 (9.2-4). In 4 cases the most significant were new features based on RASTA.

The results of more complex evaluation based on feature selection can be seen in Tab. 2. In the first
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Table 2: Classification results (using feature selection by mRMR) for both genders separately.
Task code ACC [%] SEN [%] SPE [%] TSS No.

Female participants
9.2-1 70.59 65.85 77.78 1.75 14
9.2-2 67.65 65.85 70.37 1.70 4
9.2-3 82.35 90.24 70.37 1.84 86
9.2-4 73.53 75.61 70.37 1.78 37
9.2-5 76.47 80.49 70.37 1.80 47
9.2-l-1 73.53 78.05 66.67 1.76 24
9.2-l-2 72.06 78.05 62.96 1.72 82
9.2-l-3 66.18 65.85 66.67 1.68 33
9.2-l-4 63.24 63.41 62.96 1.63 2
9.2-l-5 63.24 68.29 55.56 1.59 39
9.2-1 to 5 82.35 90.24 70.37 1.84 106
9.2-l-1 to 5 69.12 73.17 62.96 1.70 26
all 82.35 90.24 70.37 1.84 113

Male participants
9.2-1 79.07 83.33 69.23 1.81 57
9.2-2 76.74 78.33 73.08 1.81 10
9.2-3 68.60 73.33 57.69 1.65 3
9.2-4 56.98 58.33 53.85 1.51 3
9.2-5 73.26 81.67 53.85 1.64 19
9.2-l-1 63.95 63.33 65.38 1.64 18
9.2-l-2 63.95 63.33 65.38 1.64 1
9.2-l-3 69.77 73.33 61.54 1.68 20
9.2-l-4 66.28 65.00 69.23 1.69 40
9.2-l-5 56.98 58.33 53.85 1.51 18
9.2-1 to 5 74.42 76.67 69.23 1.77 39
9.2-l-1 to 5 63.95 63.33 65.38 1.64 1
all 76.74 78.33 73.08 1.81 38

ACC – classification accuracy; SEN – sensitivity; SPE – specificity; TSS – trade-off
between sensitivity and specificity; No. – number of selected features; 9.2-1 to 9.2-5
– speech tasks used for the intelligibility evaluation; 9.2-l-1 to 9.2-l-5 – speech tasks
used for the analysis of the fatigue of vocal organs

scenario (individual task classification) the best results for males and females were obtained analysing
speech tasks used for the intelligibility evaluation. Especially task 9.2-3 for female (ACC = 82.35 %,
SEN = 90.24 %, SPE = 70.37 %) and 9.2-1 for male participants (ACC = 79.07 %, SEN = 83.33 %,
SPE = 69.23 %). In the second scenario (classification within each task set) the best results were again
obtained analysing the first set of sentences for both genders. Finally in the last scenario (classification
using all task realizations) we obtained the best results using 113 features (ACC = 82.35 %, SEN =
90.24 %, SPE = 70.37 %) for females and 38 features for males (ACC = 76.74 %, SEN = 78.33 %,
SPE = 73.08 %).

4 CONCLUSION

The aim of this study was analyse of sentences complicated for articulation in patients with PD. We
studied 2 sets of five sentences tasks (the intelligibility evaluation, the analysis of the fatigue of vocal
organs) of 101 PD patients and 53 gender matched healthy controls.
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We have achieved all goals of this work. We have found out that the task set for the intelligibility
evaluation outperformed the analysis of the fatigue of vocal organs. We have proved that the classi-
fication accuracy can be significantly improved by the new features based on RASTA. It was shown
that articulation features can be used for diagnosis of PD with classification accuracy over 82 % for
female and 76 % for male participants.

In the near future we are going to introduce and analyse new articulation features. To better select
speech features that provide maximal clinical information we will use the sequential forward feature
selection algorithm (SFFS). Articulation features will be also analysed in terms of PD progression
monitoring.
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