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Abstract. Parkinson's disease (PD) is a neurodegenerative disease characterized by progressive motor disability and early speech
disorders. Early diagnosis and regular follow-up allow timely clinical intervention and a better quality of life. This paper introduces a
machine learning framework that identifies PD and estimates its severity from acoustic features derived from speech. The data analyzed
are from the Parkinson's Telemonitoring dataset of the UCI Machine Learning Repository, which consists of 5,875 voice recordings.
Acoustic characteristics such as jitter, shimmer, harmonicity, and nonlinear vocal parameters capture the speech changes associated with
PD. Supervised linear regression, support vector regression (SVR), random forest (RF) regression, and gradient boosting (GB) models,
together with an RF and GB ensemble, were trained to predict the motor and total Unified Parkinson's Disease Rating Scale (UPDRS)
scores, and the predicted scores were then grouped into discrete severity levels. Model performance was analyzed with accuracy,
precision, recall, and F1 score. The RF model achieved the best accuracy, 95.49%, which indicates strong predictive ability.
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I. INTRODUCTION

Parkinson's disease (PD) is a progressive neurological dis-
order and the second most common neurodegenerative dis-
order after Alzheimer's disease [1]. Its symptoms are insidi-
ous and are hard to notice in a routine clinical examination.
Speech impairment is one of the early symptoms, and the
traditional means of diagnosis are subjective, expensive,
and unsuitable for continuous monitoring. More than ten
million people worldwide are affected by the disease [2]. As
telemonitoring data grow, there is increasing demand for
non-invasive and objective diagnostic methods. Machine
learning applied to acoustic features of speech can estimate
disease severity in terms of the clinically relevant Unified
Parkinson's Disease Rating Scale (UPDRS) scores, which
allows early intervention and better disease management.
The rest of the paper reviews related work and then presents
the methodology, the experimental results, and directions
for future research.

II. LITERATURE SURVEY

As biomedical engineering and machine learning have
evolved, non-invasive speech analysis has considerably im-
proved the diagnosis and monitoring of PD. From acoustic
features of speech such as jitter, shimmer, and the har-
monic-to-noise ratio, researchers can predict the early de-
velopment of PD and identify motor weakness through
vocal patterns. A study of voice-based PD detection de-
scribed the effectiveness of both traditional machine learn-

ing and newer deep neural network methods in identifying
vocal abnormalities [1]. Early studies relied on feature engi-
neering with classification algorithms such as support vec-
tor machines and decision trees to distinguish patients with
PD from healthy people [2]-[4]. However, these models had
limited ability to predict disease progression or severity.
More recent studies have used regression and ensemble
learning to forecast UPDRS scores from speech characteris-
tics [2], [5]. Random forest and SVR models capture the
nonlinear relationship between acoustic biomarkers and
motor scores [5], [6]. Advanced methods such as deep
learning, explainable artificial intelligence, and multimodal
learning have the potential to improve prediction accuracy
and make models more transparent [7]-[15].

III. PRoPOSED METHODOLOGY

The proposed methodology uses acoustic speech variables
from the Parkinson's Telemonitoring dataset to estimate dis-
ease severity with machine learning. The inputs include fea-
tures such as jitter, shimmer, and harmonicity. Regression
models predict the motor and total UPDRS scores, which
are then grouped into clinical severity levels for monitoring.

A. Experimental Dataset

The experiments used the Parkinson's Telemonitoring
dataset from the UCI Machine Learning Repository. It con-
tains speech-based features extracted during remote moni-
toring of patients with PD, including jitter, shimmer, har-
monicity, and nonlinear speech parameters that indicate
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vocal instability. The motor and total UPDRS scores
support severity prediction, remote monitoring, and clinical
decision-making.

B. Data Preprocessing

Data preprocessing was used to ensure effective model per-
formance. The selected acoustic features and target vari-
ables were organized and normalized so that every feature
contributed equally to training. The dataset was split into
training and testing sets to measure performance on unseen
data and to reduce overfitting. Because the dataset contains
clean numerical features with no missing values, little data
cleaning was needed before the machine learning models
were trained to predict PD severity.

C. Feature Selection and Representation

PD causes subtle changes in voice frequency, stability, and
volume. This study used the acoustic features of the Parkin-
son's Telemonitoring dataset, such as jitter, shimmer, har-
monicity, and nonlinear speech parameters, which are signs
of neuromotor impairment. Because the dataset provides ex-
tracted parameters, no raw audio processing was needed for
severity prediction.

D. Machine Learning Prediction Models

Several supervised machine learning models were used for
prediction and comparative analysis.

Random forest (RF): RF uses an ensemble of decision
trees, and the final prediction is the average of the individ-
ual tree predictions,
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where T is the total number of trees, 4, (x) is the prediction
of the rth tree, and y is the aggregated prediction.

Linear regression (LR): LR models the relationship as a
linear combination of the input features,
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where § is the predicted value (for example, the UPDRS
score), x; are the input acoustic features, B; are the
coefficients (weights) learned from the data, and Bo is the
intercept term.

Support vector regression (SVR): SVR fits the best line
(or hyperplane) within a margin of tolerance defined by the
&-insensitive loss,
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where «; and o) are Lagrange multipliers, K (x;,x) is the
kernel function (for example, the radial basis function
exp(—y|lx; — x||?)), b is the bias term, and f(x) is the pre-
dicted output. SVR minimizes
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Gradient boosting (GB): GB is a tree-based ensemble in
which decision trees are added sequentially, each fitted to
the residual errors of the current ensemble.

Tree-based ensemble (RF + GB): The RF and GB models
were also combined into a tree-based ensemble, whose re-
sults are reported in Table 1.

All models were trained on the same training set, and
their performance was measured and compared to deter-
mine the most suitable algorithm for severity prediction.

E. Model Evaluation

The trained models were assessed with accuracy, precision,
recall, F1 score, and the confusion matrix. This comparative
evaluation highlights the strengths of each model and sup-
ports informed decision-making.

IV. REsuLTs AND DiscussioN

Machine learning analysis of speech helps to determine the
relationship between a speaker's speech features and the
severity of PD. Acoustic features were used to predict
UPDRS scores with LR, SVR, RF, and GB, and with the RF
+ GB ensemble. After preprocessing and feature reduction,
the data were split into training and testing sets in an
80:20 ratio.

Fig. 1 shows a correlation heatmap of the relationships
between the speech-derived acoustic features and the
UPDRS scores. The strong correlations among the jitter,
shimmer, and harmonicity features highlight their impor-
tance in predicting disease severity.

Fig. 2 is a bar chart of the distribution of the detected PD
severity levels. The distribution is asymmetric: most sam-
ples are moderate, followed by mild, and severe cases are
the least common.

As Fig. 3 and Table 1 show, speech features are well
suited to predicting PD severity. Ensemble predictions from
speech features assess PD severity more stably than individ-
ual regression models do, and the RF model gives the best
precision.

The confusion matrix of the RF model is shown in Fig. 4.
RF and the ensemble model give consistent and reliable
predictions across the full range of PD severity levels,
which makes balanced and clinically useful classification
possible in remote health monitoring.

TABLE 1. PERFORMANCE COMPARISON OF MODELS FOR PARKINSON'S Dis-
EASE SEVERITY CLASSIFICATION

Accuracy Precision Recall F1 score
Model (%0) (%) (%) (%)
Random forest 95.49 95.75 95.49 95.46
Tree-based ensemble 89.79 91.14 89.79 89.57

(RF + GB)

V. CONCLUSION

This paper applied machine learning to predict the severity
of PD from a dataset acquired through a telemonitoring ap-
plication. The motor and total UPDRS scores were pre-
dicted with LR, SVR, RF, and GB models and with an RF +
GB ensemble. Among these models, RF performed best,
with a classification accuracy of 95.49%. The proposed ap-
proach is a reliable, non-invasive way of measuring PD
severity that supports monitoring and timely response.
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Fig. 1. Correlation matrix of speech features and UPDRS scores.
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Fig. 2. Distribution of detected Parkinson's disease severity levels.
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Fig. 3. Severity classification accuracy of the LR, SVR, RF, and GB mod-
els.
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Fig. 4. Confusion matrix of the random forest model.
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