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ABSTRACT 

Voice is the essential medium of man’s communication in 

social as well as professional interactions. The human 

voice also reflects the state of health in many medical 

conditions which leads voice alterations in patients. This 

paper presents a voice analysis approach for discriminating 

the People With Parkinson (PWP) on the basis of extracted 

voice parameters. Voice analysis basically deals with 

decomposition of voice signal into voice parameters for 

processing the resulted features in desirable application. The 

features that are extracted in this paper are: frequency, pitch, 

voice intensity, formant, speech rate and pulse functions like 

Jitter (local), Jitter (local, absolute), Jitter (rap), Jitter (ppq5), 

Jitter (ddp), Shimmer (local), Shimmer (local, dB), Shimmer 

(apq3), Shimmer (apq5), Shimmer (apq11), Shimmer (dda) 

and Harmonic coefficients.   
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1. INTRODUCTION TO PARKINSON’S 

DISEASE (PD) AND ITS SYMPTOMS 
Parkinson's disease (PD) is one of the most pandemic 

neurodegenerative disorders that affect the control mechanism 

of nervous system of the human body. According to the 

Michael J. Fox Foundation for Parkinson's Research more 

than five million people in the worldwide, have Parkinson's 

disease and prevalence will double over the next 20 years.  

Parkinson's disease was named after an English doctor James 

Parkinson, who was first to characterize the disease 

extensively in 1817 [1] [3]. Parkinson's disease results from 

the loss of brain cells (neurons) mainly from a region of 

mesencephalon part of the brain called the substantia nigra 

along with the some components of the basal ganglia 

including the globus pallidus, putamen and caudate nucleus. 

The substantia nigra cells are responsible for producing a 

chemical substance known as dopamine, which act as a 

messenger for transmitting signals within the brain that allow 

for coordination of body movements. The shortage of the 

dopamine causes neurons to fire without normal control, 

leaving patients with the defects in motor as well as non-

motor body functions. The types of Parkinson's disease [4] [5] 

include Idiopathic Parkinson’s disease (IPD), Parkinson-plus 

syndromes (PPS), and Symptomatic Parkinsonism. Idiopathic 

Parkinson’s disease (IPD) is the predominant disorder, 

occurring in approximately 80% of diagnosed patients. 

Parkinson-plus syndromes (PPS) are the second most 

common types of the disorder and present in up to 15% of 

diagnosed patients. The early PD symptoms are non-motor 

symptoms which include disorders in the patient’s voice 

(Dysphonia) which can cause neuropsychiatric problems like 

mood swings, cognition, behavior and thought alterations and 

sensory and sleep difficulties, followed by clinical motor 

symptoms [1] [2]. Motor symptoms in PD include tremor, 

slowness of movement, rigidity, and postural instability. The 

non-motor symptoms like irregularities in voice patterns i.e. 

Dysphonia symptoms can characterize Parkinson's disease in 

a subject [1]. The characteristic symptoms of Dysphonia in 

Parkinson’s Disease is monotonous, low pitch or an inability 

to vary pitch and loudness, short speech, imprecise 

pronunciation, and a breathy and harsh voice [9]. The vocal 

impairment associated with PD is known as Hypokinetic 

dysarthria. Hypokinetic dysarthria can manifest in respiratory, 

phonatory, articulatory and resonatory subsystems of voice 

production, with the interplay of these subsystem impairments 

resulting in further disturbances in prosody and overall speech 

intelligibility [8]. At the respiratory level, some of the side 

effects that have been measured are: reduced vital capacity, 

lower rib cage volume, irregular breath patterns, reduced 

endurance of respiratory muscles, asynchrony of speech and 

respiration with chest wall movements during speech [6] [7]. 

Impairments at the articulatory level include reductions in: 

range, accuracy of articulatory movements, and tremor in the 

orofacial muscles [7] [8]. Features of phonatory hypofunction 

are: reduced vocal fold adduction; bowing; glottal chink; 

laryngeal phase asymmetry; and tremor [7]. PD is chronic as 

well as progressive i.e. it persists over a long period of time 

and its symptoms grow worse over time [13]. 

2. VOICE PARAMETERS AS 

DISCRIMINATING FEATURE IN PWP 
Earlier, the detection of the onset symptoms of the Parkinson's 

disease was elusive because there was no objective test, 

or biomarker and that’s why the rate of misdiagnosis can be 

relatively high. The difficulty in reliable PD diagnosis has 

inspired researchers to develop decision support tools relying 

on algorithms aiming to differentiate healthy peoples from 

people with Parkinson’s (PWP). Research surveys conducted 

by the Parkinson's Disease Foundation till the year 2014 state 

that more than 90 percent of the people with Parkinson’s 

experience changes in their speech. Persons with PD have 

characteristic slower speaking rates compared to normal 

speakers [10] [15]. Studies have found persons with PD 

produce fewer words, spend time producing speech per breath 

group, have more frequent pauses [17] [30] [16]. Voice 

Dysphonia also affects the phonatory system. The majority of 

persons with PD experience reduced vocal loudness. The 

vocal sound pressure level (SPL) in persons with PD has been 

shown to be statistically significantly lower during speech and 
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voice tasks as compared to age-matched control subjects [19]. 

In later stages of PD voice of patients has diminished vocal 

loudness, with voices ranging from weakly to barely audible 

[14]. Persons with PD also exhibit difficulty achieving low-

intensity phonation without going to the level of a whisper 

[21] [10], and they have a reduced ability to produce a loud 

voice when asked [10]. Laryngeal abnormalities in the form of 

bowed vocal cords and an abnormally large glottic aperture 

during phonation have been found to accompany those with 

PD [22] [23]. This results in incomplete approximation of the 

vocal cords, thus decreasing vocal loudness. Laryngeal 

dysfunction in the form of breathiness, hoarseness, roughness, 

tremor and abnormalities in vocal fold phase closure and 

phase symmetry were usually observed in persons with PD 

[24]. Reduced amplitude and firing rates of the major vocal 

fold adductor muscles, the thyroartenoid, [25] [26] contribute 

to reduced vocal loudness frequently accompanying PD. Buck 

and Cooper [20] stated that PD patients had equally affected 

phonation and articulation. Imprecise articulation is the 

impaired ability of persons with PD to perform 

diadochokinetic tasks such as specific lip movement, 

movement of tip, and back of the tongue required for /pa/, /ta/, 

/ka/, and /pataka/ repetitions [11] [27] [28]. Vocal prosody 

can be defined as “the patterned distribution of stress, 

intonation, and other phonatory features of voice” [29]. Canter 

[9] [10] reported significant higher pitch levels and reduced 

pitch range for persons with PD. These variations may be 

dependent upon disease severity, co-existing conditions, 

and/or specific neurological substrate affected. There is a 

general belief that severity in voice increases with increased 

duration of PD.  Another possible explanation for the hypo 

kinetic dysarthria variations and the lack of correspondence 

between limb and speech symptoms might be differences in 

the underlying neuropathophysiology of the disease across 

individuals and systems [31] [32]. Clearly, studies employing 

larger sample sizes with participants who exhibit a wide range 

of speech symptoms with well-controlled inclusion criteria are 

needed to aid in defining similarities in the patterns of voice. 

Several studies that have been performed investigating the 

patients of Parkinson's have concluded that PD patients tend 

to struggle with specific areas of prosody that are as follow:  

 Parkinson's patients are often unable to produce the 

loud volume, pitch, voice modulations and rhythm patterns 

required for expressing certain emotions [12].  

 Abnormal pauses in speech are also a characteristic 

of prosody associated with Parkinson, including pauses in 

common talk accompanied by pauses in between words or 

even in a single long word and speech rate also degrades [13]. 

 Studies have also shown a progression of 

dysprosody in PD patients with time i.e. poor spoken skills, 

speech rate, and lowering of voice range with the progression 

of disease [13]. 

 PD patient exhibit reduced pitch, inability to vary 

pitch, short terms of speech continuity, imprecise consonants, 

inability to sustain prolonged vowel phonation. Their ability 

to sustain prolonged vowel phonation has been reported to be 

significantly impaired [10] [11].  

Research studies have shown that speech may be a useful 

signal for discriminating PWP from healthy individuals, on 

the grounds of clinical evidence which imply that the vast 

majority of People With Parkinson (PWP) exhibit some form 

of vocal disorder and the fact that vocal impairment may be 

amongst the earliest appearing symptoms of Parkinson’s 

Disease, can be detected even five years prior to clinical 

diagnosis [33]. These findings reinforce the fact that voice 

may reflect the disease status. 

3. ANALYSIS OF VOICE IN PWP 
Parkinson's disease is associated with the characteristic 

dysarthric voice patterns. Thus, analysis of vocal disorders 

can be an important medical procedure in diagnosing PD. This 

had inspired a great deal of research in biomedical 

engineering for developing clinical tools to evaluate 

pathological voice patterns. Besides, voice is a time-varying 

signal that contains all the useful information in its time 

variable characteristics. Voice analysis involves the 

transformation of voice signal into a set of parameters with an 

objective to simplify the voice signal to extract features 

directly pertinent for suitable applications. Thus, voice 

analysis tools allow the grasping of at least some of the 

distinguished time-varying features of voice, in order to ease 

the tasks of understanding, comparison, modification, and 

resynthesis. These Voice analysis tools are also used by 

speech pathologists and medical professionals to study, 

evaluate and diagnose the quality of the patient’s voice signal 

on the basis of measurable features. 

3.1 PD Database and case studies accessed: 
The database employed for voice analysis has been selected to 

exhibit variable population patterns and diverse stages of 

disease. Table 1 illustrates database used for extracting 

specific features from voice samples. The voice samples as 

well as all the vital information required in the study are 

collected from the following resources:  

 /VoiceMatters.net/, an online database of Dysarthic 

voice samples. This is a supporting community for patients 

and professionals who provide treatment or do research in the 

related areas.  

 Harvard-Haskins database accessed at the link: 

/http://www.nsi.edu/~ani/speech_database.html/, maintained 

by the Neurosciences Institute (collected at Harvard 

University and Haskins Laboratories). The database contains 

acoustic data from 6 speakers (3 male, 3 female). All 

utterances in this database have 11 syllables, and consist of 

the syllable formed by vowels, numeric, long sentences, 

alternating with other syllables.  

 NINDS Information sources accessed at the link: 

/http://www.nlm.nih.gov/medlineplus/parkinsonsdisease.html/ 

and an NIH online database that at /http://clinicaltrials.gov/, 

maintained by the National Institute of Neurological 

Disorders and Stroke (NINDS). The research on PD is one of 

the Institute's highest priorities.    The Institute supports many 

scientist and research programs worldwide to achieve 

significant advances in halting the progression of PD, 

restoring lost function, and preventing the disease.  

 American Speech-Language-Hearing Association 

hosts the information about the incidence and prevalence of 

dysarthria, its symptoms, evaluation, diagnosis and treatments 

at: /http://www.asha.org/public/speech/disorders/dysarthria/. 

 The National Center for Voice and Speech (NCVS) 

hosts the link: /http://www.ncvs.org/research_parkinson.html/ 

for providing the latest information about voice and speech 

studies and researches on Parkinson disease and other 

neurological disorders.  

 The Michael J. Fox Foundation for Parkinson’s 

Research is one of the most credible organisations dedicated 

to finding a cure for Parkinson's disease through funded 

research agenda and ensuring the development of improved 

therapies for those living with PD. The Foundation assists the 

patient right from finding a doctor to life style, therapies and 

suitable treatments at the link: / https://www.michaeljfox.org/. 
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Table 1: Database pattern used voice analysis. 

Subjects              Speech Utterances                      Disease stage 

 5Females                    Articulating sentences             Early stage 

4 Females                       Articulating sentences               Later stage 

 3 Males                        Vowel Phonation                                 Early stage 

6 Males                             Spelling Phonation                              Later stage 

4 Females                         Numeric phonation                             Early stage 

3 Males                               Vowel Phonation                                 IPD recognition 

5 Males                             Vowel Phonation                                         Control subjects 

5 Males                                Articulating sentences              Control subjects 

5 Males                             Spelling Phonation                                 Control subjects 

3.2 Extracted Voice parameters from the 

Parkinson’s subject and control samples: 
 The significance of voice analysis is the extraction of voice 

features that contain all the auditory information as well as the 

spectral characteristics of the voice signal such as frequency, 

pitch, prosody etc. The extracted voice parameters from voice 

samples are:  

 Frequency: The frequency is extracted from the 

Spectrogram which provides a visual representation of voice 

in the form of the frequency variation with time of the 

resonance of a sound or series of sounds. Spectrograms are 

also called Voiceprints or Voicegrams. The spectrogram of a 

signal s(t) can be represented mathematically as the squared 

magnitude of the Short-Time Fourier Transform of the signal 

s(t), as: Spectrogram (t, w) = | STFT (t, w) |2. 

 Pitch: Pitch is defined as relative highness or 

lowness of voice. Pitch plots the perceived range of high 

versus low fundamental frequency of a person's voice. Pitch 

of the normal human voice is around the 2000–5000 Hz. 

Fundamental frequency (F0) is  mathematically stated as: 

F0 = 1/T, T is fundamental period given by: x(t) = x (t+T). 

 Voice intensity: Vocal intensity is the major voice 

parameter, function of the amplitude of vibrations produced 

by vocal cord and pressure of the subglottic air stream. The 

dynamic range of voice intensity spans from 10-12 W/m2 to 10 

- 100 W/m2. The Voice Intensity Level can be expressed 

mathematically as: 

LI = 10 log(I / Iref),  

where LI = voice intensity level (dB), I = voice intensity 

(W/m2), Iref = 10-12 is reference voice intensity (W/m2). 

 Formant: Formants are defined as the spectral peaks 

of the sound spectrum of the voice. In speech science, formant 

is used to mean an acoustic resonance of the human vocal 

tract. A formant is a concentration of acoustic energy around a 

particular frequency in the voice signal. Formants exist in 

multiple values, each at a different frequency, roughly one in 

each 1000Hz band. The formants arise from resonances 

produced in the vocal system of body. Thus, an individual can 

vary the vocal frequencies with the help of "articulator parts" 

resulting in changing the dimensions of the resonance cavities 

in the vocal tract. It is measured as peak amplitude in the 

frequency spectrum of voice given by coefficient of variation: 

CV = [1/n ∑ ( xi – x )2 ] /x-2, n is number of peaks measured, xi 

is individual amplitude value and x is peak amplitude value. 

 Speech rate: The Speech rate measures the speed of 

speaking in words per unit interval. The normal averaging rate 

of speech in humans is about 100 to 125 words per minute. 

Speech rate is part of the paralanguage of speech along with 

loudness and pitch. It conveys attitude and emotion. 

 Pulse: The Pulse is an important feature for voice 

analysis which plots visible part of the sound wave. The Pulse 

shows multiple information about the voice measurements as: 

Jitter (local), Jitter (local, absolute), Jitter (rap), Jitter (ppq5), 

Jitter (ddp),Shimmer (local), Shimmer (local, dB), Shimmer 

(apq3), Shimmer (apq5), Shimmer (apq11), Shimmer (dda) 

and Harmonicity of the voiced parts. 

 Jitter: Jitter defines variation in the pitch of voice. 

Jitter is the undesired deviation from true periodicity of a 

voice signal. Jitter may be observed in characteristics such as 

the frequency of successive pulses, the signal amplitude, of 

signals. Jitter is computed as the average absolute difference 

between the successive periods of fundamental frequency 

divided by the average period , computed in percentage as:  

 

Jitter (%) = [1/N ( ∑|Ti − Ti+1|)] /[1/N ( ∑ Ti)], 

where Ti is the period of fundamental frequency of window 

number “i” and N is the total number of windows. 

 Shimmer: Shimmer defines variation in loudness of 

voice. This is measured as the average absolute difference 

between the amplitudes of consecutive periods, divided by the 

average amplitude as: 

Shimmer = [1/ N−1 ( ∑|Ai − Ai+1|)] /[1/N ( ∑ Ai)], 

where Ai is the peak to peak amplitude of window number “i” 

and N is the total number of windows. The Fig. 1 and Fig. 2 

illustrate the visual representation of voice parameters in 

PRAAT window for PD samples and control samples 

respectively. 

Fig. 1: The visual graphic presentation on PRAAT window 

(a.) input voice sample, (b.) frequency spectrogram, (c.) pitch 

and vocal intensity, (d.) domain analysis of voice signal, (e.) 

speech rate of the PD samples. 
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Fig. 2: The visual graphic presentation on PRAAT window 

(a.) input voice sample, (b.) frequency spectrogram, (c.) pitch 

and vocal intensity, (d.) domain analysis of voice signal, (e.) 

speech rate of the Control samples. 

3.3  Methodology and layout of work  
The objective of this study is to discriminate PWP on the 

basis of extracted voice features by analysis the voice signals. 

The software used is the PRAAT version 5.3.64 (2014) [34]. 

Praat is an efficient computer software package for the 

analysis of voice signal, developed by Paul Boersma and 

David Weenink on 1995 [34]. PRAAT is a very flexible tool 

that offers a wide range of standard and non-standard 

procedures, including spectrographic analysis, articulatory 

synthesis, and neural networks. This is helpful in clinical 

diagnosis of voice for acoustic evaluation of speech and voice 

samples. The work methodology involves the following steps 

in the order as stated below: 

 The very first step of the research work is to build a 

database by collecting the voice samples exhibiting variable 

population patterns and diverse classes like as diseased 

subjects, controls, male, female, etc.  

 This is followed by case studying the lifestyle, 

health background of subjects and collecting the information 

about the stage of the disease in subjects.  

 Later the voice is input into the PRAAT tool 

installed in Windows7 operating system as wave file. PRAAT 

tool decomposes the voice signal into pulses of short time 

windows to extract the desired voice parameters of signal.  

 These parameters further yield the characteristic 

voice features which are as shown in Table 2 and Table 3. 

Table 2 contains the extracted voice features of the PD 

subjects corresponding to the Visual graphical presentation of 

voice samples in Fig. 1 where as Table 3 represents the 

extracted voice features of the control subjects corresponding 

to the Visual graphical presentation of voice samples in Fig. 2.  

The Fig. 3 summarizes the layout of all major steps 

involved in this research work to yield the objectives. The 

generated values corresponding to each extracted feature in 

both tables stood as base in distinguishing the People With 

Parkinson (PWP)   from those of control subjects. Thus the 

voice parameters analysis on PRAAT platform has proven as 

an efficient tool discriminating the People With Parkinson 

(PWP) from control subjects and generated positive results.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Layout of the research work 

4. RESULTS AND DISCUSSION 
The plots obtained from the voice parameters analysis of 

voice samples succeed in discriminating PWP from control 

group. Table 2 illustrates the analysed extracted voice features 

of the PD subjects. Table 3 illustrates the extracted voice 

features of the control subjects. 

Table 2: Extracted Voice features of PD subjects. 

Parameters Extracted Features of PD subjects 

 

Time range  

  

From 1.773479 to 2.206996   seconds  

(duration: 0.433517 seconds) 

Pitch 

 

Median pitch: 128.091 Hz 

Mean pitch: 135.782 Hz 

Standard deviation: 16.079 Hz  

Minimum pitch: 117.279 Hz 

Maximum pitch: 168.229 Hz 

Pulses 

    

    

Number of pulses: 49 

Number of periods: 48 

Mean period: 7.393613E-3 seconds 

Start 

Collection of the voice samples and all PD related data. 

Studying the lifestyle and health background of subjects. 

Formation of database for further work while choosing 

subjects which exhibits diverse population patterns. 

 

Analyzing extracted voice parameters. 

Extracting voice parameters from data samples. 

Objective achieved. 

Discriminating the People With Parkinson (PWP) on the basis of 

the extracted voice parameters. 
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Pulses 

 

Standard deviation of period:  

0.853359E - 3 seconds 

Voicing 

    

 

Fraction of locally unvoiced frames: 

34.909% (15/44) 

Number of voice breaks: 2    

Degree of voice breaks:28.300%  

(0.122275 seconds / 0.432062 seconds) 

Jitter 

    

 

Jitter (local): 2.224% 

Jitter(local,absolute):164.445E - 6 seconds 

Jitter (rap): 1.108% 

Jitter (ppq5): 1.073% 

Jitter (ddp): 3.325% 

Shimmer 

 

 

Shimmer (local): 14.835% 

Shimmer (local, dB): 1.559 dB 

Shimmer (apq3): 5.712% 

Shimmer (apq5): 8.325% 

Shimmer (apq11): 15.067% 

Shimmer (dda): 17.136% 

Harmonicity 

of the voiced 

parts 

Mean autocorrelation: 0.856674 

Mean noise-to-harmonics ratio: 0.184752 

Mean harmonics-to-noise ratio: 8.709 dB 

Table 3: extracted voice features of Control subjects. 

Parameters Extracted Features of Control subjects 

Time range  

  

5.324926 to 5.756988 seconds  

(duration: 0.432062 seconds) 

Pitch 

 

Median pitch: 230.776 Hz 

Mean pitch: 251.198 Hz 

Standard deviation: 61.258 Hz 

Minimum pitch: 218.066 Hz 

Maximum pitch: 456.348 Hz 

Pulses 

    

    

 

Number of pulses: 71 

Number of periods: 68 

Mean period: 4.013338E-3 seconds 

Standard deviation of period:  

0.726909E-3 seconds 

Voicing 

    

 

Fraction of locally unvoiced frames:  
Fraction of locally unvoiced frames: 

16.279%   (7 / 43) 

Number of voice breaks: 0    

Degree of voice breaks:0 

(0 seconds / 0.433517 seconds) 

Jitter 

    

 

Jitter (local): 3.132% 

Jitter (local, absolute): 125.698E-6 seconds 

Jitter (rap): 1.452% 

Jitter (ppq5): 1.512% 

Jitter (ddp): 4.356% 

Shimmer 

    

 

Shimmer (local): 15.974% 

Shimmer (local, dB): 1.487 dB 

Shimmer (apq3): 7.283% 

Shimmer (apq5): 10.777% 

Shimmer (apq11): 16.007% 

Shimmer (dda): 21.849% 

Harmonicity 

of the voiced 

parts 

Mean autocorrelation: 0.839082 

Mean noise-to-harmonics ratio: 0.218698 

Mean harmonics-to-noise ratio: 8.546 dB 

 

5. CONCLUSION 
The purpose of this research work was to state the 

applicability of voice parameter analysis in discriminating 

PWP on the basis of extracted voice features. The system 

employed for voice analysis has yielded better and positive 

outcomes. This application of voice analysis can be used for 

the clinical evaluation of PD patients. The features extracted 

are also represented in the form of mathematical functions for 

the suitability of the analysis for this application as described. 

This paper withstood the presence of irregularities in voice 

features as suggested by clinical case studies. The results 

obtain further verified the success of the voice analysis 

approach in the practical environments. Thus it can be 

concluded that the voice analysis approach can be a promising 

clinical diagnosis tool for such a fatal and incurable disease as 

Parkinson’s Disease. 
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