© 2025, [JSREM

@5" T 3::%@

%g:ﬁ International Journal of Scientific Research in Engineering and Management (I[JSREM)

Volume: 09 Issue: 01 | Jan - 2025

&Kf

SJIF Rating: 8.448

ISSN: 2582-3930

Early Detection of Parkinson’s Disease Using Machine Learning

Mr. Pramoda H S
pramodhs418@gmail.com
Dept. of Computer Science and Engg.
Malnad College of Engineering
Hassan, India

Ms. Bhanu N J
bhanunj6362@gmail.com
Dept. of Computer Science and Engg.
Malnad College of Engineering
Hassan, India

Abstract—Parkinson’s Disease (PD) is a chronic neurodegen-
erative disorder that significantly impacts motor and non-motor
functions, affecting millions of people globally. While motor
symptoms such as tremors, rigidity, and bradykinesia are the
most recognizable features, subtle non-motor signs, including
vocal impairments, often emerge in the early stages of the disease.
Early diagnosis of PD is crucial, as timely interventions can
slow disease progression and improve patients’ quality of life.
Traditional diagnostic methods, reliant on clinical observations
and imaging, are often subjective, expensive, and inaccessible in
resource-limited settings.

This research introduces a real-time, non-invasive system
for PD prediction using voice analysis. The proposed system
leverages advanced machine learning techniques to identify vocal
biomarkers indicative of Parkinson’s. Features such as Mel-
frequency cepstral coefficients (MFCCs), jitter, shimmer, and
harmonics-to-noise ratio (HNR) are extracted from recorded
voice samples, providing a quantitative basis for early disease
detection. By employing deep learning architectures like CNN-
LSTM, the system achieves high accuracy in distinguishing
Parkinsonian voices from healthy ones, even in challenging
environments.

Designed for real-time operation, the system integrates voice
input, feature extraction, and predictive analysis into a seamless
pipeline with minimal latency. The implementation emphasizes
scalability, allowing the system to handle diverse linguistic and
demographic variations. Evaluation on benchmark datasets, such
as the Parkinson’s Telemonitoring dataset, demonstrates the sys-
tem’s robustness, achieving significant improvements in accuracy
and processing speed compared to existing methods. The system’s
user-friendly interface ensures accessibility for clinical and home-
based applications.

This study highlights the transformative potential of voice-
based diagnostic systems driven by machine learning. By offering
a cost-effective and scalable alternative to traditional methods,
the proposed system addresses critical challenges in early PD
detection. Its real-time capabilities pave the way for widespread
adoption in clinical and telehealth settings, ultimately enhancing
early diagnosis and improving outcomes for individuals with
Parkinson’s Disease.
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I. INTRODUCTION

Parkinson’s Disease (PD) is a progressive neurodegener-
ative disorder that affects millions worldwide. It primarily
impacts motor functions, leading to symptoms such as tremors,
rigidity, bradykinesia, and postural instability. Beyond motor
symptoms, non-motor signs, including cognitive decline, sleep
disturbances, and vocal impairments, significantly affect the
quality of life for patients. Early detection is critical for
effective disease management, as timely interventions can
slow progression and improve outcomes. However, traditional
diagnostic methods heavily rely on clinical observations and
imaging techniques, which are often subjective, costly, and
inaccessible in many regions.

Among the non-motor symptoms, changes in speech and
voice are particularly promising indicators for early PD de-
tection. Vocal impairments, such as reduced pitch variability,
increased jitter, and articulation difficulties, often manifest in
the early stages of the disease, even before motor symptoms
become apparent. This makes voice analysis a valuable tool for
early diagnosis. However, current diagnostic systems based on
voice analysis are limited in scalability, real-time performance,
and accessibility, necessitating more robust and user-friendly
solutions.

Machine learning (ML) techniques have shown immense
potential in analyzing complex patterns and relationships in
vocal data. By leveraging features such as Mel-frequency
cepstral coefficients (MFCCs), jitter, shimmer, and harmonics-
to-noise ratio (HNR), ML models can distinguish between
healthy and Parkinsonian voices with high accuracy. Deep
learning architectures, including convolutional neural networks
(CNNs) and long short-term memory networks (LSTMs), have
further enhanced the ability to process sequential and hier-
archical vocal features, enabling real-time predictive analysis
with minimal latency.

This paper proposes a novel real-time diagnostic system that
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integrates voice analysis and machine learning for early PD
prediction. The system is designed to be non-invasive, scal-
able, and accessible, addressing the limitations of traditional
methods. By combining advanced signal processing techniques
with state-of-the-art ML maodels, the proposed system aims
to improve diagnostic accuracy and provide an effective tool
for both clinical and home-based applications. The following
sections discuss the methodology, system architecture, exper-
imental evaluation, and potential applications in detail.

Il. LITERATURE SURVEY
A. Evolution of Diagnostic Systems

Initial methods for PD diagnosis involved subjective eval-
uations by clinicians, often leading to inconsistent results.
Advances in neuroimaging offered more precision but were
costly and inaccessible in resource-limited settings. Voice
analysis emerged as a promising alternative due to its non-
invasive nature.

B. Advancements in Technology

The use of machine learning models, including SVMs and
neural networks, has significantly enhanced the ability to
analyze vocal impairments. Studies have demonstrated that
features such as MFCCs and non-linear signal parameters
can effectively differentiate between healthy and Parkinsonian
Voices.

C. Challenges in Current Systems
Existing systems face challenges such as:

- Variability in voice recordings due to environmental
noise.

- Limited datasets, particularly for diverse languages and
accents.

- Difficulty in integrating real-time processing for practical
applications.

D. Research Gaps

While batch-processing systems have shown high accuracy,
their lack of real-time capabilities and user-friendly interfaces
limits their utility. Moreover, scalability remains a significant
issue for large-scale deployment.

E. Contribution of Current Research

This study addresses these gaps by proposing a real-time
voice analysis system that integrates advanced signal process-
ing and machine learning models. The focus is on scalability,
low latency, and practical usability.

I1l. METHODOLOGY
A. A. Data Acquisition

The system employs voice recordings captured in real-
time using a microphone. These recordings include sustained
vowels, spoken phrases, and rapid syllable repetitions to ensure
a comprehensive analysis of vocal characteristics. Addition-
ally, publicly available datasets such as the UCI Parkinson’s
Disease dataset and the Parkinson’s Telemonitoring dataset

provide a reliable source of pre-recorded data for training
and evaluation. These datasets include various voice samples
and, in some cases, motor assessment data, offering a robust
foundation for model development.

B. Preprocessing

Preprocessing is essential for enhancing the quality and
consistency of voice data. Key steps include:

- Noise Reduction: Filters are applied to remove back-
ground noise and improve the clarity of recorded signals.

- Normalization: Amplitude levels are standardized to
ensure uniformity across all samples.

- Segmentation: Relevant speech segments, such as vowels
and consonants, are isolated to focus on diagnostically
significant components.

C. Feature Extraction

Key features are extracted to capture critical markers in-
dicative of Parkinson’s Disease:

- MFCCs (Mel-frequency Cepstral Coefficients): Cap-
ture the power spectrum and reflect how the human ear
perceives sound.

- Jitter and Shimmer: Measure variations in frequency
and amplitude, respectively, which are often indicative of
vocal instability.

- Pitch and Harmonics-to-Noise Ratio (HNR): Provide
insights into vocal quality and stability.

- Motor Features: If available, features such as tremor
intensity and gait irregularities from motor assessment
datasets are also incorporated.

D. Classification

The system employs multiple machine learning models for
classification:

- Support Vector Machines (SVM): Effective for han-
dling high-dimensional feature spaces and small datasets.

- Random Forest (RF): Robust to noisy data and provides
feature importance rankings.

- Neural Networks (NN): Suitable for identifying com-
plex, nonlinear patterns in voice data.

Additionally, a CNN-LSTM model is utilized to analyze both
spatial patterns (via CNN layers) and temporal dependencies
(via LSTM layers). The output is the probability of PD
presence, enabling precise predictions.

E. System Integration

The system integrates all components into a real-time
pipeline for seamless operation:

- Voice input is captured using a microphone.

- Preprocessing and feature extraction are conducted in
milliseconds using optimized libraries.

- Predictions are displayed in a user-friendly interface,
providing immediate feedback on the likelihood of PD.
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IV. IV. ToOLS AND LIBRARIES USED
A. OpenCV

Utilized for signal visualization and preprocessing tasks,
such as real-time noise reduction and segmentation. In the
context of Parkinson’s Disease detection, OpenCV can assist
in processing motor skill videos or gait analysis, enabling
efficient feature extraction for model input.

B. Librosa

Handles advanced audio processing and feature extraction,
including MFCC computation and spectral analysis. Since
vocal tremors are a significant symptom of Parkinson’s Dis-
ease, Librosa aids in extracting features from voice recordings,
such as jitter, amplitude, and frequency variations, which are
essential for classification.

C. TensorFlow/Keras

Facilitates the design, training, and deployment of deep
learning models such as CNNs and LSTMs. These models are
leveraged to handle complex patterns in the dataset, especially
when dealing with non-linear relationships in speech or motor
skill data, thereby improving prediction accuracy.

D. NumPy and Pandas

Used for numerical operations, data manipulation, and ef-
ficient dataset handling during preprocessing and evaluation.
NumPy helps in performing mathematical operations on data,
while Pandas is essential for structuring and cleaning large
datasets, making them ready for input into machine learning
models.

E. Matplotlib

Provides tools for visualizing feature distributions, model
performance metrics, and other analytical insights. Matplotlib
is utilized to generate graphs such as accuracy vs. epoch plots,
confusion matrices, and feature importance charts to assess
model effectiveness and interpret the results.

V. SYSTEM ARCHITECTURE
A. Modules

- Voice Input Module: Captures and preprocesses live
audio data from microphones or audio sensors. This
module is responsible for acquiring real-time sound data
which will then be used for further processing.

- Feature Extraction Module: This module extracts sig-
nificant features from the raw voice data. Common
features include Mel Frequency Cepstral Coefficients
(MFCCs), jitter, shimmer, and other prosodic features
that are critical for detecting abnormalities in the speech
pattern.

- Prediction Module: This module uses the extracted fea-
tures and classifies them into labels (Parkinson’s disease
detected or not detected). The classification is performed
using machine learning models such as Support Vector
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Machine (SVM), Random Forest (RF), or Neural Net-
works (NN). The performance of the classifier is evalu-
ated using metrics such as accuracy, precision, recall, and
F1-score.

- Output Module: Displays the predicted results in both
text and graphical formats. The results include the clas-
sification labels (e.g., Parkinson’s detected), and various
evaluation metrics like accuracy, precision, recall, and F1-
score, which provide an insight into the performance of
the model.

B. Workflow

The system follows a structured workflow to process voice

data and predict the presence of Parkinson’s disease:

1) Voice Input: The system begins by capturing voice input
in real-time using a microphone or an audio sensor.

2) Preprocessing: The captured raw audio undergoes noise
reduction techniques (such as spectral gating) and nor-
malization processes to improve the signal quality and
make the subsequent steps more effective.

3) Feature Extraction: Relevant features such as Mel
Frequency Cepstral Coefficients (MFCCs), jitter, and
shimmer are extracted from the audio signal. These
features represent the characteristics of speech that may
show signs of neurological conditions like Parkinson’s.

4) Classification: The extracted features are fed into a
trained machine learning model (such as SVM, RF,
or NN). The model classifies the voice data as either
positive or negative for Parkinson’s disease based on the
learned patterns from the training data.

5) Output Generation: Finally, the system displays the
predictions to the user through a graphical user interface
(GUI), showing not only the predicted classification
(Parkinson’s detected or not) but also key performance
metrics (accuracy, precision, recall, F1-score) to evaluate
the model’s effectiveness.
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Fig. 1. System Architecture Workflow
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VI. RESULTS AND DISCUSSION
A. Performance Metrics

The system is evaluated using various performance metrics
that provide a comprehensive view of its diagnostic accuracy.
These metrics include:

- Accuracy: The percentage of correct predictions made
by the model, calculated as the ratio of true positives and
true negatives to the total number of cases.

- Sensitivity (Recall): The model’s ability to correctly
identify true positives (Parkinson’s Disease cases). High
sensitivity ensures that most PD cases are detected early,
which is critical for timely intervention.

- Specificity: The model’s ability to correctly identify true
negatives (healthy individuals). High specificity reduces
the number of false positives, ensuring that healthy indi-
viduals are not misclassified as having PD.

- F1-Score: The harmonic mean of precision and recall,
providing a balance between the two. This metric is par-
ticularly useful when dealing with imbalanced datasets,
ensuring that both false positives and false negatives are
minimized.

- Area Under the ROC Curve (AUC): A measure of
the model’s ability to distinguish between positive and
negative cases across various thresholds. A higher AUC
indicates better overall performance in classification.

B. Comparison with Existing Systems

The proposed system significantly outperforms existing
batch-processing models, particularly in real-time PD detec-
tion. While traditional models rely on post-processing of data,
this system integrates real-time voice analysis, enabling imme-
diate feedback for early PD diagnosis. The use of advanced
machine learning models like CNN-LSTM allows the system
to efficiently process sequential data, leading to reduced la-
tency and higher accuracy compared to older approaches. Ad-
ditionally, the proposed system benefits from the incorporation
of various vocal and motor features, which provide a more
nuanced and accurate prediction of PD compared to models
relying on a single type of feature.

C. Challenges and Limitations

Despite the promising results, several challenges remain in
improving the system’s performance:

- Environmental Noise: Real-world voice recordings are
often contaminated with background noise, which can
degrade the quality of feature extraction and affect model
accuracy. Further noise reduction techniques and im-
proved preprocessing algorithms are required to address
this challenge.

- Speaker Variability: Differences in age, gender, and
accent can lead to variability in voice patterns. Expanding
the dataset to include a broader demographic and incorpo-
rating speaker normalization techniques can help mitigate
these effects.
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- Limited Data Availability: While datasets like the
Parkinson’s Telemonitoring dataset provide a good foun-
dation, they are limited in size and diversity. Expanding
the dataset and including more diverse samples from
various geographical regions and languages will enhance
the model’s generalization capability.

- Real-time Processing Demands: The system requires ef-
ficient processing to maintain real-time performance. Op-
timizing the computational resources for feature extrac-
tion, classification, and prediction in resource-constrained
environments (e.g., mobile devices) remains a challenge.

D. Future Improvements

Several potential improvements can be made to enhance the
system’s performance and applicability:

- Multilingual Support: Currently, the system is primar-
ily tested on English-language datasets. Expanding the
system to support multiple languages will make it more
accessible globally and ensure it can be used by a more
diverse population.

- Diverse Demographic Data: Expanding the dataset to
include more diverse samples across age groups, eth-
nicities, and accents will improve the model’s ability to
generalize to a wider population.

- Integration with Wearable Devices: Incorporating data
from wearable sensors that monitor motor skills, such as
tremor intensity and gait irregularities, would provide a
more comprehensive assessment of Parkinson’s Disease.
This would enhance the system’s accuracy by combining
vocal analysis with real-time motor data.

- Improved Noise Reduction Techniques: Further refine-
ment of preprocessing algorithms to handle environmen-
tal noise and ensure cleaner input data will improve
prediction accuracy.

- Optimization for Low-Resource Devices: The system’s
real-time performance on mobile devices can be improved
by optimizing the computational load of feature ex-
traction and model inference. Implementing lightweight
models or model compression techniques can facilitate
deployment in clinical and home-based settings.

E. Contributions and Implications

The proposed system contributes to the growing field of ma-
chine learning-based diagnostic tools for Parkinson’s Disease.
By utilizing voice analysis and machine learning, it offers a
non-invasive, cost-effective alternative to traditional diagnostic
methods. With real-time prediction capabilities, the system has
the potential to transform how PD is diagnosed, especially
in remote or underserved regions where access to specialized
healthcare is limited. The model can also be integrated into
telemedicine platforms for continuous monitoring and early
intervention, helping to improve long-term patient outcomes.

VII.

The early detection of Parkinson’s Disease (PD) is a crit-
ical step toward improving patient outcomes and quality of

CONCLUSION
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life. This project leverages the power of machine learning
techniques to create a non-invasive, accurate, and reliable
diagnostic system. By focusing on speech impairments, motor
skill assessments, and biometric data, the proposed system
offers a novel approach to identifying early-stage Parkinson’s
symptoms that are often missed by traditional clinical methods.
The incorporation of various machine learning algorithms,
such as Support Vector Machines (SVM), Random Forests
(RF), and Neural Networks (NN), ensures that the system
evaluates multiple perspectives on data analysis, providing
robust and comprehensive insights. The use of standard evalu-
ation metrics, including accuracy, precision, recall, and F1-
score, ensures transparency and reliability in performance
assessments.

Furthermore, the system’s ability to process voice-based
features like jitter, shimmer, and MFCCs (Mel-Frequency
Cepstral Coefficients) enhances its diagnostic precision. This
methodology not only aids in early detection but also provides
healthcare professionals with a tool that can be easily inte-
grated into clinical workflows or mobile health applications
for continuous monitoring.

The potential applications of this project extend beyond
diagnostics to areas like treatment monitoring, progression
tracking, and personalized medicine. For instance, integrating
this system with wearable devices could enable real-time
symptom monitoring, helping clinicians and caregivers make
data-driven decisions about treatment adjustments.

In conclusion, this project demonstrates the feasibility and
utility of machine learning in addressing a pressing global
health challenge. Future work can focus on expanding datasets
to include diverse demographics, exploring advanced deep
learning models like transformers, and integrating the system
with cloud-based platforms for scalability and real-time up-
dates. By bridging the gap between traditional diagnosis and
innovative technology, this project paves the way for better
patient care and enhanced disease management strategies for
Parkinson’s Disease.
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