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Abstract: Parkinson’s disease (PD) is a progressive neurological disorder that affects millions of people
worldwide and is usually diagnosed at later stages due to reliance on clinical observation and subjective
assessment. Early detection is essential for improving treatment outcomes and quality of life. Voice
impairment is considered one of the earliest and non-invasive biomarkers of Parkinson’s disease. This
study investigates the effectiveness of deep learning techniques for detecting Parkinson’s disease using
voice signal analysis. The proposed approach utilizes speech recordings and extracts acoustic features
such as jitter, shimmer, harmonics-to-noise ratio (HNR), and Mel Frequency Cepstral Coefficients
(MFCC). Deep learning architectures including Convolutional Neural Networks (CNN) and Long Short-
Term Memory (LSTM) networks are used to classify voice signals and identify Parkinsonian speech
patterns. The analysis of existing research indicates that deep learning models outperform traditional
machine learning approaches and provide improved accuracy in detecting early symptoms of
Parkinson’s disease. The proposed approach offers a non-invasive, cost-effective, and automated
solution for early diagnosis and remote health monitoring applications.
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Introduction

Parkinson’s disease is a neurodegenerative disorder that primarily affects the motor system of the
human body. The disease is caused by the degeneration of dopamine-producing neurons in the brain,
which leads to symptoms such as tremors, rigidity, slow movement, and speech impairment. According
to global health statistics, millions of individuals worldwide suffer from Parkinson’s disease, and the
number continues to increase due to aging populations.

Early diagnosis of Parkinson’s disease is challenging because traditional diagnostic methods rely mainly
on clinical observation and neurological tests. These methods often detect the disease only after
significant neurological damage has occurred. Therefore, identifying early biomarkers is essential for
effective treatment and disease management.

Speech impairment is one of the earliest symptoms of Parkinson’s disease. Patients often experience
reduced vocal intensity, monotonic speech, and instability in vocal frequency. These voice abnormalities
can be captured using digital recordings and analyzed using computational techniques. With the
advancement of artificial intelligence, deep learning algorithms have shown promising results in
analyzing complex biomedical signals. This study focuses on exploring the potential of deep learning
techniques for detecting Parkinson’s disease using voice-based biomarkers.

Related work
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Several studies have investigated the use of speech signals for detecting Parkinson’s disease. Early
research mainly relied on traditional machine learning algorithms combined with handcrafted acoustic
features. However, recent developments in deep learning have enabled more accurate and automated
detection methods.

Little et al. analyzed nonlinear speech characteristics such as jitter and shimmer for detecting voice
disorders associated with Parkinson’s disease. Tsanas et al. proposed a telemonitoring approach using
speech signal analysis to track the progression of Parkinson’s disease. More recent studies have applied
deep learning models such as CNNs and LSTMs to automatically extract relevant features from speech
data

Table 1. Compares this work with the related work or previous research by other researchers

Reference Machine Learning Deep Learning Voice Features
Little et al. (2007) Yes No Yes
Tsanas et al. (2012) Yes No Yes
Sakar et al. (2019) No Yes Yes

The comparison shows that deep learning approaches provide improved performance compared with
traditional machine learning techniques because they automatically learn complex patterns from speech
data.

Key Contribution
The key contributions of this research are as follows:
1. Identification of voice impairment as a non-invasive biomarker for Parkinson’s disease
detection.
2. Analysis of deep learning models such as CNN and LSTM for speech signal classification.
3. Investigation of acoustic speech features including jitter, shimmer, HNR, and MFCC for detecting
Parkinsonian speech patterns.
4. Review and synthesis of existing literature related to voice-based Parkinson’s disease detection.
5. lIdentification of research gaps and future directions for improving deep learning-based
diagnostic systems..

Method, Experiments and Results
The methodology of this study follows a systematic literature review and experimental analysis of deep
learning models for Parkinson’s disease detection.

The first stage involves collecting relevant research articles from scientific databases such as IEEE Xplore,

Scopus, PubMed, and Google Scholar. Keywords including Parkinson’s disease, voice analysis, speech
signals, and deep learning are used to retrieve relevant publications.
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The selected studies are screened based on inclusion and exclusion criteria to ensure that only relevant
research works focusing on voice-based Parkinson’s detection are included. A systematic review
approach similar to the PRISMA method is followed to identify and analyze the most relevant studies.

The theoretical foundations of this research focus on vocal impairments associated with Parkinson’s
disease. Patients with Parkinson’s disease often exhibit hypokinetic dysarthria, which affects speech
clarity and vocal stability. Acoustic features such as jitter, shimmer, harmonics-to-noise ratio, and MFCCs
are commonly used to characterize these abnormalities.

Deep learning architectures such as Convolutional Neural Networks (CNN) and Long Short-Term
Memory (LSTM) networks are widely used for analyzing speech signals. CNN models are effective for
extracting spatial features from spectrogram representations of audio signals, while LSTM networks are
suitable for modeling temporal dependencies in speech sequences.

The analysis of existing research shows that deep learning models can achieve high classification
accuracy in detecting Parkinson’s disease using voice signals. Hybrid architectures combining CNN and
LSTM have also been proposed to capture both spatial and temporal patterns in speech data.

Discussions

The analysis of previous studies highlights several strengths and limitations in the current research
landscape.

Strengths

¢ Voice-based detection is non-invasive and cost-effective.

¢ Deep learning models outperform traditional machine learning approaches.

» Voice datasets such as the UCI Parkinson’s dataset enable reproducibility of experiments.

¢ High potential for early detection of Parkinson’s disease.

Limitations

¢ Many studies use small and unbalanced datasets.

¢ Limited generalization across languages and accents.

¢ Lack of standardized protocols for feature extraction.

¢ Deep learning models may suffer from overfitting when trained on limited data.

¢ Few studies include real-world clinical validation.

These findings indicate that while deep learning-based voice analysis is promising, further research is
needed to improve dataset diversity and clinical applicability.

Conclusions
1. The study explored the potential of deep learning techniques for detecting Parkinson’s disease
using voice signal analysis.
2. Problem Addressed: Parkinson’s disease is often diagnosed late due to reliance on subjective
clinical observation.
3. Method Used: Voice signal analysis combined with deep learning models such as CNN and LSTM.
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4. Key Findings: Deep learning-based voice analysis provides a non-invasive and accurate method
for detecting early symptoms of Parkinson’s disease.

5. Future Work: Future research should focus on larger datasets, multilingual speech analysis, and
real-time clinical validation systems to improve the reliability of voice-based Parkinson’s
detection.
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