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ABSTRACT  

Parkinson’s disease (PD) is a progressive 

neurodegenerative disorder that primarily affects 

motor control and speech production due to the 

gradual degeneration of dopamine-producing 

neurons in the substantia nigra region of the brain. 

Early detection of Parkinson’s disease is essential 

for effective treatment and improved quality of life, 

yet traditional diagnostic methods rely heavily on 

clinical observations and neurological assessments 

that often detect the disease only in later stages. In 

recent years, machine learning techniques have 

shown significant potential in identifying early 

biomarkers associated with Parkinson’s disease, 

particularly through voice analysis. Speech 

impairment is one of the earliest symptoms 

observed in individuals with PD, making vocal 

biomarkers an important indicator for early 

diagnosis. This study proposes a machine learning-

based Parkinson’s Disease Early Detection Model 

that utilizes vocal features extracted from patient 

voice recordings to identify the presence of the 

disease. Acoustic parameters such as jitter, 

shimmer, harmonic-to-noise ratio, fundamental 

frequency variations, and nonlinear dynamic 

measures are used as input features for 

classification algorithms. Various machine learning 

models including Support Vector Machine, 

Random Forest, and Logistic Regression are 

applied to classify healthy individuals and 

Parkinson’s patients based on extracted features. 

The proposed system focuses on improving 

diagnostic accuracy while maintaining a non-

invasive and cost-effective approach. Experimental 

results demonstrate that machine learning models 

trained on voice datasets can effectively detect 

early signs of Parkinson’s disease with high 

accuracy. The study highlights the importance of 

artificial intelligence in medical diagnosis and 

demonstrates how speech signal processing 

combined with machine learning can provide an 

efficient, accessible, and scalable solution for early 

detection of Parkinson’s disease. 

I INTRODUCTION  

Parkinson’s disease (PD) is a progressive 

neurological disorder that primarily affects motor 

functions and speech production. The disease 

occurs due to the degeneration of dopamine-

producing neurons in the substantia nigra region of 

the brain, which leads to impaired motor 

coordination and muscle control [1]. As the disease 

progresses, patients often experience tremors, 

rigidity, bradykinesia, and balance difficulties that 

significantly impact daily activities [2]. Parkinson’s 

disease is considered one of the most common 

neurodegenerative disorders affecting the aging 

population worldwide [3]. Early diagnosis of 

Parkinson’s disease is essential for effective 

treatment and improved patient quality of life [4]. 
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However, conventional diagnostic methods rely 

mainly on clinical examinations and neurological 

observations that may detect the disease only after 

visible symptoms appear [5]. This limitation has 

encouraged researchers to explore advanced 

computational techniques for early disease 

detection [6]. Artificial intelligence and machine 

learning technologies have shown significant 

potential in medical diagnostics by analyzing 

complex biomedical data and identifying hidden 

patterns associated with diseases [7]. Machine 

learning models can process large datasets 

efficiently and provide predictive insights that 

support clinical decision-making [8]. These 

technologies have been widely applied in 

healthcare applications such as disease 

classification, medical image analysis, and 

biomedical signal processing [9]. In recent years, 

machine learning has also been used to detect 

neurological disorders through voice signal 

analysis [10]. 

Speech impairment is one of the early symptoms 

observed in individuals affected by Parkinson’s 

disease because the disorder impacts the muscles 

responsible for speech production [11]. Patients 

with Parkinson’s disease often exhibit reduced 

vocal intensity, irregular pitch variation, and 

breathy voice quality [12]. These changes can be 

measured using acoustic signal processing 

techniques to extract vocal features that represent 

abnormalities in speech patterns [13]. Parameters 

such as jitter and shimmer capture variations in 

frequency and amplitude during vocal fold 

vibration [14]. Harmonic-to-noise ratio and noise-

to-harmonic ratio are also used to measure the level 

of noise present in voice signals [15]. Nonlinear 

dynamic features such as recurrence period density 

entropy provide additional information about 

irregular phonation patterns [16]. Machine learning 

algorithms such as Support Vector Machines are 

widely used for classification tasks due to their 

ability to handle high-dimensional data effectively 

[17]. Random Forest classifiers are also popular 

because they combine multiple decision trees to 

improve prediction accuracy and reduce overfitting 

[18]. Logistic regression models provide a 

statistical approach for binary classification 

problems and are commonly used in medical 

research [19]. Recent studies have also explored 

deep learning techniques such as neural networks 

to automatically learn complex patterns from 

speech signals [20]. Convolutional neural networks 

have been applied to analyze spectrogram 

representations of speech recordings for disease 

classification [21]. Recurrent neural networks are 

capable of capturing temporal dependencies in 

sequential data such as speech signals [22]. 

Researchers have demonstrated that combining 

multiple machine learning techniques can 

significantly improve diagnostic performance [23]. 

Voice-based diagnostic systems provide a non-

invasive and cost-effective solution for early 

screening of Parkinson’s disease [24]. Such 

systems can be integrated with mobile devices and 

telemedicine platforms to enable remote health 

monitoring [25]. Continuous monitoring of voice 

patterns may help track disease progression and 

evaluate treatment effectiveness [26]. Early 

detection using intelligent diagnostic tools can 

improve patient outcomes by enabling timely 

medical intervention [27]. Advances in biomedical 

signal processing and machine learning continue to 

enhance the accuracy of automated diagnostic 

systems [28]. Future research aims to develop more 

robust models using larger datasets and advanced 

feature extraction techniques [29]. These 

developments highlight the growing importance of 

artificial intelligence in supporting early detection 

and management of Parkinson’s disease [30]. 

II LITERATURE SURVEY  
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Several researchers have investigated the use of 

machine learning techniques for the early detection 

of Parkinson’s disease using biomedical signals and 

speech analysis. Early studies focused on 

identifying vocal impairments in Parkinson’s 

patients and demonstrated that speech 

characteristics could serve as reliable indicators of 

the disease [1]. Researchers analyzed variations in 

pitch, frequency, and amplitude to understand how 

neurological disorders affect speech production [2]. 

Acoustic parameters such as jitter and shimmer 

were found to represent irregular vocal fold 

vibrations commonly observed in Parkinson’s 

patients [3]. Harmonic-to-noise ratio was also 

identified as an important feature for distinguishing 

between healthy speech and speech affected by 

Parkinson’s disease [4]. Studies using speech signal 

processing techniques showed that these acoustic 

features can be extracted from simple voice 

recordings using digital signal processing methods 

[5]. Machine learning algorithms were then applied 

to classify these features and identify disease 

patterns automatically [6]. Support Vector Machine 

(SVM) models have been widely used due to their 

effectiveness in handling high-dimensional 

biomedical data [7]. Decision tree algorithms were 

also explored for their interpretability and ability to 

generate rule-based diagnostic models [8]. 

Artificial neural networks have been applied to 

learn complex relationships between speech 

features and disease conditions [9]. Research 

findings demonstrated that combining multiple 

speech features significantly improves 

classification accuracy [10]. Several studies also 

introduced nonlinear dynamic features such as 

recurrence period density entropy and detrended 

fluctuation analysis to capture irregularities in 

speech signals caused by neurological disorders 

[11]. These features provide deeper insight into the 

instability of vocal fold vibrations in Parkinson’s 

patients [12]. Experimental evaluations confirmed 

that machine learning models trained on voice 

datasets can effectively differentiate Parkinson’s 

patients from healthy individuals [13]. As a result, 

speech-based diagnostic systems have been 

considered promising tools for early detection of 

Parkinson’s disease [14]. These approaches provide 

non-invasive and cost-effective alternatives 

compared to traditional clinical diagnostic methods 

[15]. 

Recent advancements in artificial intelligence have 

further enhanced the performance of Parkinson’s 

disease detection systems. Researchers have 

explored ensemble learning techniques to improve 

classification accuracy by combining predictions 

from multiple machine learning models [16]. 

Random Forest algorithms have been widely 

adopted because they reduce overfitting and 

improve generalization performance in biomedical 

datasets [17]. Gradient boosting methods have also 

been used to enhance prediction accuracy through 

iterative learning processes [18]. Deep learning 

approaches such as convolutional neural networks 

have been introduced to automatically extract 

relevant patterns from speech signals without 

manual feature engineering [19]. These neural 

network models analyze spectrogram 

representations of voice signals to identify disease-

specific patterns [20]. Recurrent neural networks 

have also been applied to capture temporal 

variations in speech signals associated with 

Parkinson’s disease [21]. Researchers have 

additionally investigated the use of smartphone-

based voice recording systems for remote health 

monitoring [22]. These systems allow patients to 

record voice samples using mobile devices and 

transmit them to cloud-based diagnostic platforms 

for analysis [23]. Telemedicine applications have 

therefore become an important area of research for 

improving healthcare accessibility [24]. Several 
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studies have reported that integrating machine 

learning algorithms with mobile health 

technologies can enable continuous monitoring of 

Parkinson’s disease symptoms [25]. Researchers 

have also emphasized the importance of large and 

diverse datasets to improve the reliability of 

machine learning models [26]. Feature selection 

techniques have been proposed to identify the most 

informative voice parameters for classification 

tasks [27]. Dimensionality reduction methods have 

been used to improve model efficiency while 

maintaining diagnostic accuracy [28]. Ongoing 

research continues to explore hybrid models that 

combine multiple algorithms to achieve higher 

predictive performance [29]. These developments 

demonstrate that machine learning and speech 

signal processing technologies play a crucial role in 

advancing early detection systems for Parkinson’s 

disease [30]. 

III METHODOLOGY  

The proposed methodology for early detection of 

Parkinson’s disease involves several stages 

including data collection, preprocessing, feature 

extraction, model training, and evaluation. Initially, 

a dataset consisting of voice recordings from both 

Parkinson’s patients and healthy individuals is 

collected. These recordings typically include 

sustained vowel sounds that allow the analysis of 

vocal characteristics affected by neurological 

impairment. During the preprocessing stage, noise 

removal and normalization techniques are applied 

to improve signal quality and ensure consistency in 

the dataset. After preprocessing, acoustic features 

are extracted from the voice signals using signal 

processing techniques. Important features include 

fundamental frequency (Fo), jitter, shimmer, 

harmonic-to-noise ratio (HNR), noise-to-harmonic 

ratio (NHR), recurrence period density entropy 

(RPDE), detrended fluctuation analysis (DFA), and 

pitch period entropy (PPE). These features 

represent variations in vocal fold vibration and 

phonation stability, which are commonly affected 

in individuals with Parkinson’s disease. Once the 

features are extracted, the dataset is divided into 

training and testing subsets to evaluate the 

performance of machine learning models. Various 

classification algorithms such as Support Vector 

Machine (SVM), Random Forest, and Logistic 

Regression are applied to train predictive models 

capable of distinguishing between healthy and 

Parkinson’s speech patterns. Feature scaling 

techniques such as standardization are used to 

improve the learning efficiency of the algorithms. 

The trained models are then evaluated using 

performance metrics such as accuracy, precision, 

recall, and F1-score to measure classification 

effectiveness. Cross-validation methods are also 

applied to ensure model reliability and prevent 

overfitting. The final stage involves selecting the 

best-performing model and integrating it into the 

Parkinson’s Disease Early Detection System for 

practical implementation. 

IV SYSTEM DESIGN  

The system design for the Parkinson’s Disease 

Early Detection Model is structured as a multi-

stage framework that integrates voice signal 

processing with machine learning algorithms. The 

system architecture consists of several modules 

including data acquisition, preprocessing, feature 

extraction, machine learning classification, and 

result visualization. In the data acquisition module, 

voice samples are collected from users through 

microphones or digital recording devices. These 

recordings typically consist of sustained phonations 

or short speech samples that capture vocal 

characteristics relevant to Parkinson’s disease 

diagnosis. Once the data is collected, the 

preprocessing module removes background noise 
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and performs signal normalization to improve 

audio quality and maintain consistency across the 

dataset. Signal filtering techniques are applied to 

eliminate distortions that could affect feature 

extraction accuracy. The processed signals are then 

forwarded to the feature extraction module where 

acoustic and nonlinear parameters are computed. 

These features represent the physiological 

characteristics of vocal fold vibration and speech 

production that are affected by Parkinson’s disease. 

 

 

 

The extracted features are then passed to the 

classification module, which uses machine learning 

algorithms to analyze the patterns within the data. 

Algorithms such as Support Vector Machine, 

Random Forest, and Logistic Regression are 

trained using labeled datasets containing both 

Parkinson’s and healthy samples. The classification 

module learns relationships between acoustic 

features and disease presence, enabling it to predict 

whether a given voice sample belongs to a 

Parkinson’s patient. The final component of the 

system is the output interface, which displays 

diagnostic results and probability scores indicating 

the likelihood of Parkinson’s disease. This interface 

allows healthcare professionals or users to easily 

interpret the model predictions. The modular 

architecture ensures scalability and flexibility, 

allowing new algorithms or additional features to 

be integrated in future updates. The system design 

emphasizes efficiency, accuracy, and usability, 

making it suitable for real-world medical screening 

applications. 

V PROPOSED SYSTEM  

The proposed system introduces a machine 

learning-based approach for early detection of 

Parkinson’s disease using voice signal analysis. 

Unlike traditional diagnostic techniques that 

depend heavily on clinical observations and 

neurological examinations, the proposed system 

focuses on analyzing vocal biomarkers that appear 

in the early stages of the disease. The system 

collects voice recordings from individuals and 

processes them through an automated pipeline 

consisting of preprocessing, feature extraction, and 

classification stages. Acoustic features such as 

jitter, shimmer, fundamental frequency variations, 

and harmonic-to-noise ratio are extracted from the 

voice signals to capture abnormalities in speech 

patterns. These features are then used as input to 

machine learning algorithms that classify the voice 

samples as either healthy or indicative of 

Parkinson’s disease. By utilizing advanced data 

analysis techniques, the system is capable of 

identifying subtle vocal irregularities that may not 

be easily detectable through manual examination. 

Another key aspect of the proposed system is its 

ability to provide a non-invasive and cost-effective 
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diagnostic solution. Since the system relies on 

voice recordings rather than expensive imaging 

techniques, it can be implemented in remote 

healthcare environments and telemedicine 

platforms. The model can be integrated with mobile 

applications or web-based platforms where users 

can upload voice recordings and receive 

preliminary diagnostic results. The use of machine 

learning algorithms also allows continuous 

improvement of the system as more data becomes 

available. Additionally, ensemble learning 

techniques can be incorporated to enhance 

classification accuracy and robustness. The 

proposed system therefore serves as an efficient 

decision-support tool for clinicians and healthcare 

providers by assisting in the early identification of 

Parkinson’s disease. Early detection enables timely 

treatment and management strategies that can slow 

disease progression and improve patient quality of 

life. 

VI RESULTS & DISCUSSION  

The experimental evaluation of the proposed 

Parkinson’s Disease Early Detection Model 

demonstrates promising results in identifying early 

symptoms through voice analysis. The dataset was 

divided into training and testing sets to evaluate the 

performance of multiple machine learning 

algorithms. Among the evaluated models, the 

Support Vector Machine and Random Forest 

classifiers achieved the highest classification 

accuracy. The models were assessed using standard 

evaluation metrics including accuracy, precision, 

recall, and F1-score. Results indicate that the 

system successfully differentiates between healthy 

individuals and Parkinson’s patients based on 

extracted acoustic features. The analysis also 

revealed that features such as jitter, shimmer, and 

harmonic-to-noise ratio play a significant role in 

improving prediction accuracy. The results confirm 

that voice-based machine learning models can 

serve as effective tools for early diagnosis of 

Parkinson’s disease and may assist healthcare 

professionals in making faster and more accurate 

clinical decisions. 
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VII CONCLUSION  

Parkinson’s disease is a progressive neurological 

disorder that significantly affects motor control and 

speech production. Early diagnosis is crucial for 

effective treatment and improved patient quality of 

life. However, traditional diagnostic methods often 

detect the disease only after noticeable motor 

symptoms appear, limiting the effectiveness of 

early intervention strategies. This study presented a 

machine learning-based approach for early 

detection of Parkinson’s disease using voice signal 

analysis. The proposed system utilized acoustic 

features extracted from voice recordings and 

applied machine learning algorithms to classify 

individuals as healthy or Parkinson’s patients. 

Features such as jitter, shimmer, harmonic-to-noise 

ratio, and nonlinear dynamic parameters were used 

to capture subtle vocal abnormalities associated 

with Parkinson’s disease. Experimental results 

demonstrated that machine learning models can 

effectively detect early symptoms of the disease 

with high accuracy. The proposed system offers 

several advantages including non-invasive 

diagnosis, cost efficiency, and the possibility of 

remote monitoring through digital platforms. By 

integrating speech signal processing with artificial 

intelligence, the system provides a scalable and 

accessible solution for Parkinson’s disease 

screening. Future work may focus on expanding the 

dataset, incorporating deep learning techniques, 

and developing mobile-based diagnostic 

applications to further enhance system 

performance. Overall, the research highlights the 

potential of machine learning technologies in 

transforming medical diagnostics and supporting 

early detection of neurological disorders such as 

Parkinson’s disease. 
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