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Abstract: Parkinson’s disease (PD) is a slowly worsening neurological condition that affects a person’s ability to control
movement. Detecting PD at an early stage can make treatment more effective and help patients manage their symptoms
better. In this work, we develop a real-time system that analyzes a person’s voice to predict the likelihood of Parkinson’s
disease using machine learning. The system is trained on the UCI Parkinson’s dataset, which contains several important
vocal features such as jitter, shimmer, and harmonic-to-noise ratio. Multiple machine learning models including Support
Vector Machine (SVM), Random Forest (RF), Decision Tree (DT), and Logistic Regression (LR) are trained and evaluated
using accuracy, F1-score, ROC, and AUC metrics. The model with the best performance is deployed in a user-friendly
Stream lit web application that allows real-time predictions from simple voice recordings. The proposed system is non-
invasive, affordable, and easy to use, making it a promising tool for preliminary screening and early identification of
Parkinson’s disease.

1. INTRODUCTION

Parkinson’s disease (PD) is a long-term neurological condition that slowly reduces a person’s ability to control their
movements. This occurs as particular neurons that manage movement gradually degenerate. Leading to indications such as
shaking, stiffness, slowed motion, and imbalance. Apart from these movement-related symptoms, many individuals may
also experience non-motor challenges including sleep disturbances, mood changes, and cognitive difficulties, which affect
everyday life. Because PD develops gradually, detecting it early can make a major difference in how well patients respond
to treatment. Traditional diagnosis relies on clinical examinations and rating scales like the Unified Parkinson’s Disease
Rating Scale (UPDRS). Although effective, these methods usually identify PD only after noticeable neural damage has
already occurred. With the rise of machine learning (ML), researchers now explore new ways to identify early signs of PD
using measurable data such as speech patterns, hand writing, and motion signals. Voice-based diagnosis is especially
promising because PD often causes subtle changes in speech long before major motor symptoms appear. Machine learning
and deep learning models such as SVM, Random Forest, CNNs, and RNNs are widely used to automatically learn these
patterns and improve diagnostic accuracy.

2. LITERATURE REVIEW

Parkinson’s disease (PD) ranks as one of the most wide spread disorders involving the degeneration of nerve cells.
Affecting millions of individuals worldwide, particularly with in the aging population [1]. The condition leads to progressive
motor and non-motor impairments, including tremors, rigidity, bradykinesia, and speech difficulties [2]. Because PD
progresses gradually and its symptoms often resemble those of other disorders, early and reliable diagnosis remains a
significant clinical challenge [3]. Recent research trends emphasize non-invasive, voice-based diagnostic approaches
supported by machine learning (ML) techniques to identify subtle vocal changes associated with early PD stages [4].Many
studies have given innovative models, feature sets, and datasets to enhance diagnostic accuracy and accessibility. Speech
signals have gained substantial attention as promising biomarkers for early PD detection.
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Rumanalslam et al. examined PD classification using 752 audio features taken from steady vowel phonations and
compared the performance of K-Nearest Neighbors (kNN) and Support Vector Machine (SVM) classifiers [1]. Their
results showed that an optimized KNN model achieved superior accuracy and faster computation time, demonstrating its
potential for practical screening. In another study, Linlin Yuan et al. focused on telemedicine applications by analyzing
dysphonia patterns in ongoing speech data collected from 252 individuals [6].

3. SYSTEM DESIGN AND METHODOLOGY
The proposed system is designed to operate as a complete pipeline that processes voice recordings and predicts whether
the speaker may show signs of Parkinson’s disease. The architecture is organized into three layers: the presentation layer,
the application processing layer, and the data layer. The process begins with collecting the dataset. The UCI Parkinson’s
dataset is selected because it provides reliable biomedical voice measurements related to PD. Key parameters such as
jitter, shimmer, fundamental frequency, and harmonic-to-noise ratio act as strong indicators of vocal impairments linked
to the disease. Before model training, the dataset undergoes preprocessing to remove noise, normalize feature scales, and
handle missing values. This ensures consistent input quality and improves overall model performance. The next stage
involves extracting meaningful features from audio signals. Using the Librosa library, several acoustic features including
MFCCs, zero-crossing rate, pitch frequency, and various spectral and harmonic characteristics are computed. These
features are then formed into structured feature sets suitable for ML models. The final stage integrates the best
performing model into a Stream lit web interface, allowing users to upload voice samples and receive predictions in real
time.

4. IMPLEMENTATION

The system is implemented using Python due to its rich support for machine learning, audio processing, and web
deployment. Libraries such as Librosa, Scikit-learn, NumPy, Pandas, and Stream lit form the core development tools.
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Fig.3. Dataset collection
This step ensures that the extracted audio features are organized in a clear and consistent format, allowing the machine-
learning models to process them effectively. For real-time use, the system applies the same feature extraction procedure
to the voice recordings uploaded by users, ensuring that the live inputs match the structure of the training data. The
machine-learning models are built using the Scikit-learn library. Several commonly used classifiers such as Support Vector
Machines (SVM), Random Forest (RF), Logistic Regression (LR), and Decision Trees (DT) are trained and fine tuned.
Their key hyperparameters, including the SVM kernel choice, the number of trees in Random Forest, and the depth of
Decision Trees, are adjusted using grid search and cross-validation to improve performance and reduce sensitivity to
noise. After training, each model is tested based on criteria such as accuracy, precision, recall, F1-score, and ROC-AUC.
The system interface also shows confidence levels and feature insights, making the results clear and easy to interpret for
both clinicians and users who want an initial assessment.

Fig.4. Training the algorithms

5. RESULTS AND DISCUSSION
The system’s performance is evaluated using the UCI dataset, which is widely used in PD research. After separating the
dataset for training and evaluation portions, multiple machine learning models are compared based on accuracy, precision,
recall, F1- score, and ROC-AUC metrics. Among all the models tested, the Support Vector Machine (SVM) achieved the
highest accuracy and delivered the most consistent results. Its outstanding performance highlights that SVM can effectively
capture the non-linear relationships present in vocal biomarkers of Parkinson’s disease. Random Forest also showed
competitive accuracy due to its ensemble structure. However, models of lower complexity such as Logistic Regression
and Decision Trees delivered lower performance, indicating their limitations in handling complex speech variations. The
results demonstrate that integrating vocal features with machine learning can reliably differentiate between healthy and
Parkinson’s-affected speech. The strong ROC-AUC values further highlight the system’s discriminative power.

6. CONCLUSION

Among all the models evaluated, the Support Vector Machine (SVM) delivered the most accurate and reliable results,
showing its strength in capturing the complex patterns present in biomedical voice data. This performance is consistent
with observations reported in earlier studies. The Random Forest classifier also produced strong outcomes, while simpler
models such as Logistic Regression and Decision Trees were less effective in detecting subtle vocal variations linked to
Parkinson’s disease.
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The best-performing the model was later embedded into a Stream lit web application, allowing the system to generate
predictions instantly. This makes the tool suitable for telemedicine and easy preliminary screening. Testing with real-world
audio samples confirmed that the application can efficiently analyze user-uploaded recordings and provide quick,
meaningful results, demonstrating its potential for use in remote monitoring and clinical decision support. Although the
overall performance is promising, there is still room for improvement. Future enhancements may include using larger and
more diverse datasets, in corporating various types of speech tasks, and exploring advanced deep-learning models to
improve robustness and generalization. Additional developments could involve support for multiple languages, continuous
tracking of patients over time, and integration with wearable devices to build a more comprehensive neurological
assessment system.
7. FUTURE SCOPES

Although the current system performs effectively, several enhancements can make it even more reliable and clinically
useful. Advanced deep learning models, such as CNNs and RNNs, can be explored to automatically learn complex speech
patterns and reduce the need for manual feature extraction. Deploying the system on mobile and 10T platforms such as
smart phones, smart speakers, or wearable devices could enable continuous voice monitoring and early detection.
Collaboration with medical professionals will be essential for clinical validation, ensuring that the system meets medical
standards and can be used confidently in real-world healthcare settings. The system can be further improved by making it
compatible with mobile devices and Internet of Things (IoT) platforms. Integrating the model into smart phones, wearable
sensors, or smart home assistants would allow continuous and real-time monitoring of a user’s voice, helping with early
detection and regular follow-up assessments. In addition, working closely with medical professionals to clinically verify the
system and align it with established diagnostic standards is essential. Such collaboration would support the transition of
this technology from a research prototype to a practical tool used in everyday healthcare settings.
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