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Parkinson's ailment is a degenerative ailment that affects movement, making
early diagnosis critical for higher treatment and management. In this study, we
assess the running performance of various machine studying fashions—Logistic
Regression, Random Forest, XGBoost, aid Vector Classifier, K-Nearest
buddies, Naive Bayes, and selection trees—on voice facts for Parkinson's
ailment category. techniques consisting of (EDA), function scaling, and pass-
validation have been conducted to enhance model overall performance. To
address the magnificence imbalance, we used SMOTE, and version assessment
became primarily based on accuracy, precision, F1l-score metrics. XGBoost
appeared because of the nice version, accomplishing 93.33% accuracy and an
Fl-score of 95.65%, successfully distinguishing PD sufferers and healthy
people. This observation demonstrates the potential of ML in assisting early
analysis of Parkinson's sickness, imparting clinicians with a precious tool to
improve patient results.

Keywords: Machine Learning,Voice Data,Logistic Regression,Random
Forest,XGBoost,Support Vector Classifier (SVC),K-Nearest Neighbors (KNN).

1. Introduction

Parkinson's disorder (PD) is a chronic and step by step worsening neurological disease that
influences motor feature. People with PD regularly revel in symptoms such as tremors,
muscle stiffness, slow movement, and problems with balance. because the ailment advances,
it extensively reduces patients' satisfactory of lifestyles, necessitating complex hospital
therapy. Early detection of Parkinson's disease is critical for enhancing remedy outcomes, as
well-timed intervention can assist manage signs and gradual ailment development. However,
diagnosing PD in its early degrees stays challenging due to the overlap of symptoms with
other neurological situations, making accurate diagnosis difficult.

Recent improvements in device mastering offer promising solutions to enhance the accuracy
and performance of PD prognosis. by using reading non-invasive biomarkers, consisting of
voice recordings and other measurable physiological characteristics, gadget studying
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fashions can become aware of subtle styles indicative of early PD. Those fashions provide a
more goal, automated diagnostic approach, reducing the subjectivity and variability inherent
in traditional clinical strategies. more objective, automated diagnostic approach, reducing the
subjectivity and variability inherent in traditional clinical strategies.

This research investigates the overall performance of various system gaining knowledge of
algorithms in classifying Parkinson's disorder the use of voice dimension facts. The examine
assesses algorithms such as Logistic Regression, Random Forest, XGBoost, guide Vector
Classifier (SVC), k-Nearest friends (KNN), Naive Bayes, and selection trees. Our technique
contains techniques like exploratory facts evaluation (EDA), function scaling, move-
validation, and sophistication balancing the use of SMOTE to optimize version overall
performance. through comparing metrics together with accuracy, precision, consider, F1-
score. we intention to discover the best set of rules for Parkinson's category. This
observation gives precious facts about the development of Al-driven diagnostic equipment,
which can assist healthcare specialists in the early detection of PD and enhance patient
effects.

Parkison Dataset

This examine utilizes a dataset comprising 195 voice recording samples, each with twenty-
two wonderful attributes associated with vocal characteristics. The target variable,
categorized as popularity, suggests whether a person is recognized with Parkinson's disorder
(repute = 1) or is healthful (popularity = zero). The dataset frequently captures fundamental
voice functions, which are critical in differentiating individuals with Parkinson’s ailment
from healthy controls, focusing on speech irregularities.

Key Features:

Frequency Measurements:

MDVP

(Hz): The average essential frequency (pitch) of the voice.
MDVP

(Hz): The maximum fundamental frequency.
MDVP

(Hz): The minimal essential frequency.

Jitter Measurements (Pitch variability):
MDVP

(%): the proportion of frequency perturbation.
MDVP

(Abs): the absolute jitter price.

MDVP

: Relative amplitude perturbation.
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MDVP

: 5-factor period perturbation quotient.

Jitter

: The average absolute distinction among durations.

Shimmer Measurements (Amplitude variability):

MDVP

: Amplitude perturbation percent.

MDVP

(dB): Shimmer measured in decibels.

Shimmer

: three-point amplitude perturbation quotient.

Shimmer

: five-factor amplitude perturbation quotient.

MDVP

: Amplitude perturbation quotient.

Shimmer

: average absolute distinction of amplitude variations among periods.
sign-to-Noise Ratio:

NHR: Noise-to-harmonics ratio, a measure of signal clarity.

HNR: Harmonics-to-noise ratio, indicating the degree of vocal periodicity.
Nonlinear Dynamics:

RPDE: Recurrence duration density entropy, capturing irregularities in vocal alerts.
DFA: Detrended fluctuation analysis, used to evaluate signal self-similarity.
PPE: Pitch period entropy, reflecting the disorder in the voice signal.
Unfold Measurements:

spreadl and spread2: features related to the distribution and form of the voice’s resonant
frequencies (formants).

The dataset includes twenty-three columns, together with 22 features representing various
factors of voice signal patterns, and a goal column (fame) for classifying Parkinson’s
sickness status. among the features relate to pitch and amplitude irregularities, which might
be regularly located in individuals with Parkinson's sickness.

Nanotechnology Perceptions Vol. 20 No. S14 (2024)



2953 Chandrasegar T et al. Parkinsons Disease Classification

Statistics precis:

* The dataset consists of 195 samples, with 147 individuals recognized with Parkinson’s
ailment (status = 1) and forty-eight wholesome controls (fame = zero).

* No missing values are gift, ensuring completeness for analysis.

* The functions are usually continuous variables, making scaling necessary for correct
gadget getting to know version performance.

This dataset affords a beneficial useful resource for studying various supervised system
studying models to predict the presence of Parkinson’s disorder, serving as a benchmark for
growing automatic diagnostic gear.

A. Random Forest

It creates multiple decision tree fashions via a technique known as bagging, after which
combines their consequences to achieve the most correct results. In each tree, variable
selection takes place at each breakup. amongst these trees, the only with the bottom
fashionable deviation is chosen as the first-rate. Random woodland (RF) has frequently
appeared as fairly powerful for classification responsibilities.

O -
f==> f(x)
2% (1)
2 (1) - fy
o = b=1
B-1 )
A. Logistic Regression

A category algorithm is applied for each binary and multiclass classification duties. It
is miles usually applied whilst the output includes classes, along with in sentiment
evaluation, photo, and video type, among other use instances.

1

P(X) = 1+e—(Bo+B1) (3)

B. Naive Bayes

A classification algorithm computes the probability of each class and makes selections
by using evaluating these probabilities using Bayes' theorem. It operates beneath the
assumption that all functions are independent of every other, given the class. in spite of its
simplistic assumption of function independence, this set of rules is pretty effective for
various type obligations, consisting of textual content classification and unsolicited mail
filtering.

p (Z) _ P(%)P(y)

X P(X) 4)
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C. KNN

K-Nearest Neighbors is an easy gadget getting to know algorithms categorized under
non-parametric methods. it really works through determining the value of a question point
primarily based at the 'k' closest acquaintances, in which the prediction is made either by
way of choosing the maximum frequent elegance or calculating the average cost of those
neighbors.

D. SVvC

Support Vector Classifier (SVC) is a system learning set of rules designed for classification
obligations. It operates through locating the most fulfilling keeping apart hyperplane that
maximizes the margin among impressive lessons inside the records, even in a high-
dimensional space. This technique lets in for effective classification via creating a clean
boundary between categories.

E. XG Boost

This system of getting to know set of rules, derived from selection timber, is
especially recognized for both its speed and performance for both category and regression
obligations. It enhances model accuracy through techniques like function choice, selection
tree pruning, and leveraging parallel computing for faster processing.

F. Decision Tree

It represents all ability choice to get the preferred outcome. First, features are located
the usage of entropy or facts advantage, and based totally at the results, the most relevant
input capabilities are identified. The dataset is then broken up according to the chosen
capabilities, with positive constraints implemented at some point of the technique.

Es)=> —p, log, p,
©

Confusion Matrix:
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Figure 1: Random Forest Classifier
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Figure 2: Logistic Regression
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Figure 3: Naive Bayes
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Figure 4: K-Nearest Neighbour
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Figure 5: Decision Tree
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Figure 7: XG Boost
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2. Results and discussions

In this task, we utilized a dataset containing voice measurements from individuals stumble
on in the event that they have any Parkinson’s ailment possibilities the usage of diverse
gadget studying algorithms. The models examined encompass Logistic Regression, Random
woodland, XGBoost, assist Vector Classifier (SVC), ok-Nearest neighbours (KNN), Naive
Bayes, and choice bushes. the important thing metrics for version assessment have been
accuracy, precision, recall, F1-rating.

version overall performance:
Model Performance:
1. Logistic Regression:

Logistic Regression done reasonable overall performance however showed barely decrease
accuracy in comparison to other models like XGBoost. The precision and don't forget values
have been robust, indicating the model's strength to correctly become aware of both
tremendous and bad instances efficaciously.

2. Random Forest:

This model finished nicely in terms of precision, indicating a excessive wide variety of
actual positives. but, take into account became slightly decrease, implying some false
negatives. Random woodland is green at type tasks and its ensemble nature improves
average overall performance.

3. XGBoost:

XGBoost outperformed changed into found to be appearing higher than different fashions
with its high accuracy and Fl-rating. The capacity to deal with magnificence imbalance and
optimize studying rates makes it a robust model for Parkinson’s ailment prediction. This
version excelled in each precision and consider, ensuring a balanced performance.

4. Support Vector Classifier (SVC):

SVC confirmed strong overall performance with a high F1-score and accuracy. The version
effectively located the most beneficial hyperplane to separate the instructions with a terrific
margin. however, it did not surpass XGBoost in accuracy.

5. K-Nearest Neighbors (KNN):

KNN displayed performance much like Random forest, with perfect precision however
barely decrease bear in mind. The set of rule’s simplicity and non-parametric nature made it
an affordable desire for this classification task, although it struggled with more complicated
decision barriers.

6. Naive Bayes:

Naive Bayes had the bottom overall performance amongst all fashions. notwithstanding its
simplicity, it was not able to take care of the intricacies of this dataset correctly, largely
because of its assumption of characteristic independence, which won't maintain actual on
this context.
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7. Decision Trees:

o Decision Trees performed similarly to Logistic Regression, with solid precision and
recall scores. However, it was slightly less robust compared to ensemble methods like
Random Forest and XGBoost.

Figure 7: HeatMap

10-fold Cross-Validation Analysis

The go-validation outcomes display the robustness of the XGBoost version, which
consistently outperformed different algorithms across all 10 folds. It achieved the very best
common accuracy (ninety two.36%), precision (99.13%), and F1-rating (ninety four.fifty
seven%). Random forest and SVC additionally performed properly, however XGBoost's
capability to address feature interactions and class imbalance gave it an part.

go-validation facilitates make certain that the version isn't always overfitting and is acting
properly on unseen statistics, supplying a complete and reliable assessment of model
performance in this study.

This thorough validation procedure confirms that XGBoost is the great-acceptable algorithm
for Parkinson's disorder category in this dataset, handing over the maximum constant
consequences throughout a couple of metrics.
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10-Fold Cross-Validation Scores

Accuracy Score

00 e
1 2 3 4 5 6 7 8 9 10
Fold Number

Figure 8: 10-fold Cross-Validation Analysis
G. Models vs. Performance

Models are the mathematical or computational structures worried in statistics
evaluation to version, predict or classify events within the real world based on input facts
whereas, performance is a measure of ways nicely the fashions sporting out the previously
mentioned targets. one of the vital criteria in model building is the alternate between the
models’ sophistication and their accuracy.

MODELS ACCURACY PRECISION RECALL F1-ScorEe
RANDOM 86.66% 100% 83.33% 90.90%
FOREST

LoaGIsTIC 83.33% 91.3% 87.5% 89.36%
REGRESSION

NAIVE BAYES 66.66% 93.75% 62.5% 75%
KNN 86.66% 100% 83.33% 90.90%
SsvC 86.66% 95.45% 87.5% 91.30%
XG BoosT 93% 100% 91.66% 95.65%
DECISION TREE | 83.33% 95.23% 83.33% 88.88%

Table 3: Tabulation Of Analysis

3. Conclusion

This research explored several ML algorithms to classify Parkinson’s disease the usage of
voice measurements. The fashions evaluated covered Logistic Regression, Random wooded
area, XGBoost, SVC, KNN, Naive Bayes, and selection bushes, with performance assessed
through numerous performance metrics.

Amongst these, XGBoost stood out because it was the pinnacle performer, handing over the
first-class accuracy (93.33%) and F1-score of 95. sixty-five%, demonstrating its capacity to
deal with complex datasets successfully. Each Random wooded area and SVC additionally
supplied sturdy outcomes, showecasing the electricity of tree-based and margin-based
Nanotechnology Perceptions Vol. 20 No. S14 (2024)
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classifiers in this context. In contrast, easier algorithms like Naive Bayes and KNN struggled
to perform as nicely, likely because of complexity of the features.

The use of 10-fold pass-validation, XGBoost always outperformed the opposite fashions,
confirming its reliability in distinguishing Parkinson’s patients from healthy individuals. In
end, this evaluation throws mild on the importance of the using ML models for the
evaluation of critical diseases like Parkinsons.
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