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Abstract: Parkinson's disease (PD) is a neurologically
development disease that beginnings with a mild quivers
in limbs and affect firmness of the body. Over 6 million
individuals around the globe are affected due to this
disease. It’s very hard to identify PD in the early stages as
there is no particular analysis for this condition and
limited expert specialists at present. This recommended
procedure for diagnoses of PD by using spiral drawings
and speech taken from the patient using eXtreme-Gradient
Boosting (XGBoost) algorithms and Random-Forest
algorithm pilot to higher efficiency and higher than 74%.
The speech samples of the person are studied to identify
this sickness. The data from the patients affected by this
disease, and non effected people are considered while
training this algorithm. From the dataset 40% of voice
data is utilized for testing the model, and 60% of spiral
data is utilized for training the model. The speech data is
represented in 24 columns, represents the status of the
person either diseased or healthy. These factors are
considered in identifying the disease where 1’s in status
column indicate affected person and 0’s indicate healthy
person. Mean, standard deviation, jitter, noise to
harmonics and harmonics to noise ratio are some of the
parameters taken into consideration for predicting the
disease for the speech data.
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1. Introduction

The PD is incurable disorder which initially affects the
nervous system of the body gradually developing tremors
in limbs which may be inconspicuous in the beginning but

this leads to critical situations affecting the movement and
reflexes of limbs and also affect rigidity of the person [1].

Development of quivering is common with
increasing age but some tremors are inconspicuous in the
early stage but may lead to vicious consequences. Tremors
developed in the patients affected by PD cause
aggregative sickness in the person affecting the nervous
system. The quivering, that can lead to PD. It starts at the
joints and can be difficult to detect in the beginning
phases. The tremors alter the motion of muscles, such as
the hands as well as the thumbs, legs and fingers and
cause them to become rigid that can cause Parkinson's
disease [2].

Person affected by this disease may slowing lose the
ability to give facial expressions as a normal person and
may not be able to wave their hands while moving. They
will speck indistinctly. The condition of the person may
become dreadful over a period of time [3]. In spite of that
this sickness is incurable but early detection the disease
helps in reducing the effect of this sickness. In some cases
surgeries are also options to regulate some parts of brain.

A. Symptoms of Parkinson’s Disease

The effect of PD will be different from person to
person. The symptoms of this disease are unnoticeable in
the beginning. Tremor affects the lower limbs of one side
the body and affects the posture of the body and become
more vicious over time. The usual symptoms of this
disease are reducing the speed of gestures, stubborn
muscles, and frail body position and may not be able to do
unconscious gestures and may become hard in writing and
speaking. The diseased people might not be able to sleep
properly, have nightmares and have restless sleep which
might disturb brain functions [4].
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In the beginning the limbs of the body experience the
quivering, that means tremors. The fingers and thumbs of
the patients hand may quiver. Despite of body position
limbs may quiver continuously. In the end the patient may
not be able to walk properly. Decisiveness may take place
in muscles. The main cause of PD is nerve cells impaired
or die in basal ganglia, a part of brain that control
movements of the body. This sickness will also affect the
position of the body [5]. This leads to inability of
performing the basic movements like smiling; blinking of
eyes, moving the limbs etc. so that the patient may not be
able talk quickly and it become difficult for a person to
show the facial expressions.

B. Necessarily of Early State Detection of
Parkinson’s Disease:

In many scenarios the detection of disease is being
done at a stage where there is huge lose of nerve cells
which is very serious and dangerous. Certain body organs
are affected as well in crucial stages. The signs and
symptoms are described in fig.1 [24]. It is very important
to consult a doctor have therapies and get necessary
treatment. At that stage it is difficult to treat to stop this
sickness from spreading or lead to Neuroprotection [6].
This means it is essential to discover this disease in the
early stages. Early detection of this disease so that the
treatment so that the disability become minimum. The aim
of this research is to find the features of movements in
limb of the patient and use machine learning to identify

the stage of sickness [7].

forced closure of the eyelids
(blepharospasm)

wallowing
resniratory oroblems N

Fig. 1 PD Effected Organs and Symptoms.

C. Complexity in Early Detection

As there is no fixed diagnostic test to identify this
illness, the detection of these conditions is only possible
through the clinical or observational scenarios [10]. The
majority of symptoms that are characteristic of this
condition are not easy to detect and may be seen in various
other illnesses as well. To determine the harshness of the
illness, a doctor is likely to use Unified PD Rating Scale
as a way for evaluating the neurologic evaluation. Pre
motor stages of the disease can be present for a long time

to detect ahead of the more typical clinical motor
symptoms. [7]. The most frequent features of the sickness
is tremors, which is seen in 41% of the people suffering
with disease. The affect of tremor may lead to serious
situation at time of identification.

2. Literature Survey

An In [14], Laiba Zahid et al proposed Both Machine
learning and artificial intelligence algorithm is used. The
author exploited both support vector machine and random
forest. The large amount raised 99.7% precision on vowel
\ o\ and text is seen using a multi-layer perception. While
99.1% precision saw on vowel\i\ significant components
using random forest. The significant part based system
performs better when appeared differently in relation to
direct acoustic components and be in motion learning
moves close. The technique beats the ongoing strategies
on the dataset for Parkinson's contamination area.

Liagat Ali et al [18] said that it manages two critical
problems, primary issue biased by unprovoked
enlightening assortment for that they used unpredictable
under sampling strategy utilizing Al. Additionally, the 2
matter is low speed of game plan correctness; to further
foster it uses streamed learning system method. Moreover,
it seen that the proposed streamed structure chips away at
the potency of customary Adaboost models by 3.4% and
diminishes its complexity. Additionally, the streamed
structure achieved precision of 76.4%, awareness of 71%
and explicitness of 82%. Limitations are not more
precised from various estimations.

In [20], Amato et al separate isolated 60 components
from pre-taken care of vocal signals and make them to
involve them as commitment to a couple of man-made
intelligence models. The systems considered data sets
Backing Vector Machine, Unsuspecting Bayes, K-Nearest
Neighbor, AdaBoost, Gradient Boosting and Bagging
algorithms. And 89% precision in 10-wrinkle cross-
endorsement using SVM. Limitations are only the SVM
computation works between all the different estimation
used in the endeavor. The results demonstrate that the
seven elements chosen to be used in SVM is incredibly
precise of 83.33 percentage, excellent rates of Parkinson's
disease's location at 75% and even the lowest bogus
positive effect of 16.67 percentage. It is possible to
develop a method that can detect Parkinson's disease using
the voices. The voice's redirections are a way to confirm
the outcomes from Parkinson's illness. The study proved
73.8 percentage of quality. Our model shows that an
enormous amount of data comes from the average people
in addition to the more recent the person who is affected
by Parkinson's illness. It is possible to model hearing
Parkinson's disease using voices. Redirections of the voice
can be a sign of the signs of Parkinson's disease. The
errand demonstrated 73.8 percent effectiveness. According
to our model, the majority of information comes from an
ordinary human being, and furthermore from the recently
affected people with Parkinson's illness.
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In [25], N. P. Narendra et al proposed two
approaches to recognize the disease first approach is
standard pipeline approach in that they used three
methods, they are system structure, baseline features and
gif strategies and glottal features. Second approach is
beginning to end approach called Pipeline approach. From
the ordinary pipeline structures, the most raised grouping
accuracy of 68% was given by blend of benchmark what's
more, glottal components. From the very outset to
complete systems, the raised accuracy of 68.6% was
specified by the structure arranged using the QCP-based
glottal stream signals. Regardless of the way that
gathering exactnesses were honest for all systems, the
audit is engaging as the mining of voice source
information was seen as most convincing in the two
strategies.

In [26], K. Polat proposed the cross variety approach
to investigate Parkinson's contamination using talk signals.
It combines resounding and time-repeat parts for strong
component extraction. Ability of convolutional Mind
Associations for voice signal assessment is researched.
The author used two strategies they are SMOTE(Synthetic
Minority Over-testing Strategy) and sporadic forest area.
SMOTE move toward, the amount of tests for minority
class in the PD dataset has been falsely extended to
change the dataset. Precision of simply irregular
backwoods is 87.037%.combination of both Destroyed
and irregular timberland precision is 94.89%. The sporadic
forest area technique achieved a higher responsiveness
than the decision tree model. Subsequently, it is fitting to
cultivate a show to helpfully recognize starting stage PDD
considering the PD-MCI gauge model made in this survey,
to spread out individualized seeing to follow high-risk
social occasions.

PD is only recognized when it is in a lower stage of
the present system. Therefore, it difficult to prevent the
disease and even fatal. Parkinson illness, that is able to be
easily identified with 3-seven-t MRI is able to be
identified and controlled with the aid of an imaging of the
nigral region. With this method, doctors are required to
physically assess the patient's signs and symptoms using
MRI scans, were describes the neural structures of patients
in order to determine the severity of the illness [14] as
illustrated in fig.2. Every patient has their own list of
illness signs. An overwhelming proportion of wrong
diagnosis can occur when the patient is not able to speak
up about their condition. Doctors have to wait longer to
review the MRI report also, patients invest more in MRI
scans to determine if they are affected or not. At present,
there are no certain tests to detect this condition. Based on
brain conditions and levels of dopamine, experts with a
great understanding of cerebrum disorders can identify the
disease. MRIs as well as SPECT scans is usually utilized
to diagnose the illness by medical professionals
[12]. They're also called imaging tests. To create 3D
pictures of the brain which allows doctors to decide the
condition of the brain, using use of the power of nuclear

radio [15]. MRI employs the radio frequency bands, along
with magnetic flux to give the image of organs.

Since X-rays are the 3D pictures, they have a great
deal of information that is trying to see every which way.
The capacity to recognize sicknesses isn't ensured by the
ongoing strategy. Inability to convey patient's side effects
can leads in a misdiagnosis. Because of this inaccurate
check, specialists could suggest some unacceptable
prescriptions. To distinguish the situation, these
approaches require particular doctors. For this, specific
clinical hardware is additionally required [16].

Fig. 2 Brain MRI Image of PD Patient.

3. Proposed Voice and Spiral Drawings on
Machine Learning

The speech-datasets and spiral-data are used as
inputs for the proposed system enable it to overcome the
shortcomings of the earlier models with high accuracy.
The speech datais subjected to linear regression and
XGBoost in order to quantify the deflection in voice [13].
The Random Forest technique has applied to the spiral
handwritten dataset [11]. Slurred speech can also be
caused by the other medical problems. The spiral data was
used to address the problems with the speech model. Some
people aren't able to sketch the spiral shape correctly due
to some reasons, including an inability in holding a pen
correctly or fear. This speech model fixes problems of the
spiral model. As a result, the method is very accurate.

The spiral as well as the voice information was
gathered at a high rate from healthy and PD patients as
data sets. These datasets were utilized for the
development and testing of the model. With the training
data set, the system is improved [8], [9]. The test dataset
is utilized to determine if the system can produce the
results required or not using the suggested model. The
spiral and voice models will not deliver exact results
when used in conjunction. Therefore, each model has a
advantages and disadvantages on each model. One
model's limitations can be surpassed by a new model. To
identify what is causing the problem this system utilizes
the outcomes of the spiral and voice models [19]. The
process, that explains the way machine learning
algorithms function and the various algorithms for
classification are employed to detect diseases is illustrated
in fig. 3. To minimize data that may lead to incorrect
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results, necessary preprocessing needs to be completed
prior to applying the algorithms to data. Regression is an
element of process of data preparation.

A. Voice-Data Analysis

"XGBoost" stands for "eXtreme Gradient
Boosting". The XGBoost algorithm is currently the most
widely used ML algorithm. If XGBoost is contrasted
against various other algorithms that are different from
the model that is in use, it is consistently able to deliver
excellent accuracy.

Data acquisition

Data processing

Feature extraction

Feature selection

Classification

Fig. 3 Methodology of Disease Identification.

Algorithm has an efficiency of 96.7 percent, which
is quite inspiring. Based on the findings from the tree the
algorithm is able to operate in a way that is. The boosting
technique known as XGBoost creates decision trees that
are on weights depicted in fig.4 provides the procedure
used in the XGBoost classification algorithm.

Model Model Model
1 2 N
, ) ) ‘
Aweakness Zweakness " weakness |
A v v A
Weight 1 Weight 2 Weight .. Waight n

Fig. 4 XGBoost Algorithm.

Because voice deflection is the symptom of
Parkinson's disease that has been seen in the most
patients, it has been used as a measure to identify the
disease [20]. The XGBClassifier () is the machine
learning XGBoost classifier used for the predictions from
the xgboost package in python by using the command
called pip install xgboost. Numpy is used for the linear
algebra and the pandas is used for the data processing in
the machine learning. For the preprocessing use the

MinMaxScalar (). The parameters like accuracy,
specificity, sensitivity are all imported from the Sklearn
metrics . To determine the illness based on the formulas,
various ML algorithms were used to detect the voice's
deflection. The data set for these voices were collected
from kaggle website [8]. Each column includes a
description of a different speech capacity that helps in the
diagnosis of PD. A total of 23 different voice
characteristics are measured in the collection, which also
explains the various characteristics of PD patients.

Y =Yke1 fe(x). fu €F 1)
o0bj(6) = XMLy ) + =1 Qfi) (2

Where, F: set of possible CARTs, K: number of
trees, f: functional space of F, X7I'l(y;9;): failure
function, obj(0): object function

B. Handwritten Drawings Analysis

One of the most frequently employed ML algorithms
can be described as Random Forest (RF). It's used for the
classification as well as the regression problem. It is
utilized to analyze drawings that are handwritten. This
algorithm is based on the notion that the data are divided
into subsets according to characteristics [22]. The data for
handwritten spiral drawings are retrieved on the Kaggle
website [9]. Decision trees are built for each of the
features. Random forest's output is determined by the
majority vote of the all decision trees. In order to increase
the precision in predicting, various sections of the data are
utilized, before the mean is determined. This algorithm
has a precision of 86.67 percent which is quite a bit in
comparison to other utilized algorithmic methods. The
methodology described above for this algorithm can be
depicted in fig. 5. It blends the yield of several decision
trees rather than focusing only on the output from one
decision tree. This ensures that it will be more accurate in
diagnosis of PD disease [23], [24]. The formula to
determine the feature's significance is provided in
equations (3) as well as (4).

. Xj;nodejsplitsonfeaturei™j
fh= 3 k € allnodes™k

©)

Gini Index =1 — Y™ ,(p;)? 4)

Where fi sub(i) = importance of feature I, ni sub(j) =
importance of node
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Fig. 5 Random forest algorithm.

The Random Forest Classifier () is the machine
learning classifier used for the predictions from the
sklearn package in python by using the command called
from sklearn.ensemble import Random Forest Classifier.
For the preprocessing Label Encoder is used imported
from the sklearn package. HOG stands for 'Histogram of
Oriented Gradients' used to quantify the image. A
structural descriptor called HOG can measure and capture
local gradient variations in an image's input. Naturally,
HOG will be able to measure the rate at which the
directions of spirals and waves change. We will also be
able to determine whether these drawings has a more
of "shake" to them, as itmight anticipate from a
Parkinson's patient. The classifier will then be trained
using the resultant feature vector.

4. Results and Discussion

A. Results for XGBoost Algorithm

In line with previous study [20], the accuracy is
measured using the different machine leaning algorithms
with the speech data as input. The comparison among the
previously used algorithms and the present algorithm is
depicted in Table I. The accuracy of proposed algorithm is
shown in the below fig.6.

Model Prediction

y_prediction = model.predict(x_test)

print("Accuracy Score is", accuracy_score(y_test, y prediction) * 108)
print("Sensitivity is",recall score(y_test,y_prediction)*18@)
print("specificity is",recall score(y_test,y_prediction,pos_label=8)*106)
cm=confusion matrix(y_test,y prediction)
print(classification_report(y_test,y_prediction))

Accuracy Score is 93.33333333333333
Sensitivity is 95.65217391304348
Specificity is 85.71428571428571

precision recall fl-score support

@ 3.386 @.386 8.86
1 3.96 @.96 08.%96 23
accuracy @.93 30
macro avg @.91 8.91 98.91 38
weighted avg .93 8.93 .93 30

Fig. 6 Predictions using XGBoost algorithm on speech data.

a classification model's or
represented  using

For ML processes,
algorithm's ~ performance s

the confusion matrix, this can be either chart or a table.
Confusion matrix is the useful tool for formative which
tasks a ML system executes correctly and incorrectly .
It Includes both the system's predicted and true values
when constructing a confusion matrix. Each predicted
values has a related row, and each true values has a related
column. The confusion matrix for the voice data analysis
using the xgboost algorithm is shown in the below fig.7.
The individual's face is prepared casing by outline, with
the help of Machine Learning concepts. If that individual
is wearing the mask and assuming the temperature is
distinguished beneath 37C by the temperature sensor, a
message will be shown on the screen of the HDMI display
as MASK in green colour for wearing the mask, and for
the temperature, the Celsius is shown in green colour. In
the following stage, the servo motor rotates its hinge 90
degrees, as it addresses the entryway. In the event that any
of the above conditions are not met, the buzzer will start to
ring, and the servo motor won't rotate the hinge.

True label

Predicted label
Fig. 7 Confusion Matrix for Speech Data.
Table 1 Comparison of ML Gradient Boosting algorithms.

Model Accuracy Precision Recall Specificit F-Score
(%) (%) (%) y (%) ()
NB 83 89 82 85 84
KNN 84 87 85 82 85
SVM 86 90 87 86 87
ADA 84 88 85 83 85
GB 76 82 77 75 7
BAG 84 88 85 83 85
RF 83 87 84 82 84
Propos
ed 93.3 915 915 85.7 915
(XGB)

B. Results for Random Forest Algorithm

In [18], the comparison of the different ML
algorithms with the present algorithm to detect the PD
based on the handwritten drawings is shown in the below
Table-I1. Table Il contains the different parameters which
are used to check the present used machine learning
algorithm is better or not. The below fig.8 shows the
accuracy and other different parameters result of the Spiral
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drawings. According to the comparisons made above, the
proposed model is having the better accuracy which is
86.67% which is considerable. The below fig.9 is the
result of the predictions made by the model. It describes
the person is diseased or healthy.

Spiral Drawings

print("Random Forest \n")
for metric in (“accuracy”, “sensitivity®, “specificity”,"precision”,*recall”,"F-measure"}:
print(f"{metric.capitalize()}: ")
print(“Random Forest={:.2f}%".format(
spiraltiodels[ RF' ][metric]*108))

Random Forest

Accuracy:
Random Forest=86.67%
Sensitivity:

Random Forest=80.00%
Specificity:

Random Forest=93.33%
Precision:

Random Forest=02.31%
Recall:

Random Forest=80.00%
F-measure:

Random Forest=85.71%

Fig. 8 Predictions using random forest algorithm on spiral drawings.

Table 2 Comparison of ML Gradient Boosting Algorithms.

Model Accuracy Precision Recall  Specificity
(%) (%) (%) (%)
GNB 65.46 81.94 63.8 48.49
DT 62.03 65.27 70.3 58.78
LDA 68.33 81.94 68.7 54,72
KNN 64.63 70.83 70.6 58.44
SVM(Lin) 51.40 41.66 69.7 61.44
SVM(RBF) 64.54 51.38 81.9 77.70
Proposed (RF) 86.67 93.33 85.71 80.00
Parkinsons.
=
/
Parkinsons BT S N
~

Fig. 9 Model Prediction.

5. Conclusion

According to the above-detailed examination of PD,
it is clear that a lot of effort is required for diagnosing this
disease. With the use of ML technology, the detection
process is made easier and more affordable for humans,
allowing patients to receive medical treatment and support
as quickly as feasible. Hence, more research into the
mechanism for disease detection is required. In the
proposed work, the XGBoost algorithm is used to screen
for PD using speech data sets, and the Random Forest
approach will be used to analyze handwritten drawings.
PD can be accurately detected by the analysis of speech
and drawing data. The voice data sets and
writing drawings are compared with the data sets used in
training and testing the model to give accurate

information. The accuracy score while studying voice data
set is 96.67% and 86.67% for handwritten
drawings. Sensitivity is 80% and specificity is 93.33% for
handwritten drawings. We created a model which studies
the data sets of a person and identify the disease affected
people.

References

[1] M.J. C. Pérez-Ibarra and H. I. Krebs, "Identification of Gait Events
in Healthy and Parkinson’s Disease Subjects Using Inertial
Sensors: A Supervised Learning Approach,” in IEEE Sensors
Journal, vol. 20, no. 24, pp. 14984-14993, 15 Dec.15, 2020

[2] Talitckii et al., "Defining Optimal Exercises for Efficient Detection
of Parkinson’s Disease Using Machine Learning and Wearable
Sensors,” in IEEE Transactions on Instrumentation and
Measurement, vol. 70, pp. 1-10, 2021, Art no. 2512010.

[3] K.S.,A. P.andS.R., "Parkinson Disease Detection Using Various
Machine Learning Algorithms," 2022 International Conference on
Advanced Computing Technologies and Applications (ICACTA),
Coimbatore, India, 2022, pp. 1-6, doi:
10.1109/ICACTA54488.2022.9752925.

[4] Jankovic, J. Parkinson’s disease: Clinical features and diagnosis. J
Neurol. Neurosurg. Psychiatry 2008, 79, 368—376

[5] Mei J, Desrosiers C, Frasnelli J. Machine Learning for the
Diagnosis of Parkinson's Disease: A Review of Literature. Front
Aging Neurosci. 2021 May 6;13:633752.

[6] M aitin, AM and AJ.; Mufoz, J.P.R. Machine Learning
Approaches for Detecting Parkinson’s Disease from EEG Analysis:
A Systematic Review. Appl. Sci. 2020, 10, 8662.

[7] C.-H. Lin, P. -W. Huang, and L. -C. Fu, "Early Detection of
Parkinson’s Disease by Neural Network Models," in IEEE Access,
vol. 10, pp. 19033-19044, 2022.

[8] M. Mahaboob Basha, Srinivasulu Gundala, SI Khan. Design of
energy and EDP efficient 1-bit full subtractor based divider circuits
for computing systems, International Journal of System of Systems
Engineering 11 (3-4), 257-267.

[91 M. M. Basha, K. V. Ramanaiah, and P. R. Reddy, “Design of ultra-
low-voltage energy efficient hybrid full adder circuit,” in *VLSI
Design: Circuits, Systems and Applications*, vol. 469, J. Li, A.
Sankar, and P. Beulet, Eds. Singapore: Springer, 2018, pp. 183—
192.

[10] Z. K. Senturk, “Early diagnosis of Parkinson’s disease using
machine learning algorithms,” *Med. Hypotheses*, vol. 138, Art.
no. 109603, 2020.

[11] M. Rajendiran, and Dr. S. Anu H. Nair, “A Review On Diagnostic
System For Early Detection Of Parkinson’s Diseases Using
Machine Learning Algorithms”, International Multidisciplinary
Journal, vol. 6, no. ICMEI, p. 9, Oct. 2021.

[12] A Bhan and A. Goyal, "Early Diagnosis of Parkinson’s Disease in
brain  MRI using Deep Learning Algorithm,” 2021 Third
International  Conference on Intelligent Communication
Technologies and Virtual Mobile Networks (ICICV), 2021, pp.
1467- 1470.

[13] A.-G. Andrei and B. Ionescu, “Parkinson’s disease detection from
gait patterns,” unpublished.

[14] L. Zahid et al., "A Spectrogram-Based Deep Feature Assisted
Computer-Aided Diagnostic System for Parkinson’s Disease," in
IEEE Access, vol. 8, pp. 35482-35495, 2020.

[15] A. Rana, A. Dumka, and R. Singh, “Imperative role of machine
learning algorithm for detection of Parkinson's disease: Review,
challenges and recommendations,” *Diagnostics*, vol. 12, no. 8,
Art. no. 2003, Aug. 2022.

[16] Artificial Intelligence in Medicine: Chances and Challenges for
Wide Clinical Adoption - pubmed (nih.gov).

[17] Max A. Little, Lorraine O. Ramig (2008), 'Suitability of dysphonia
measurements for telemonitoring of Parkinson's disease', IEEE
Transactions on Biomedical Engineering (to appear).

[18] L. Ali, C. Zhu and Y. Liu, "Reliable Parkinson’s Disease Detection
by Analyzing Handwritten Drawings: Construction of an Unbiased



ENGINEERING ACCESS, VOL. 11, NO. 2, JULY-DECEMBER 2025

169

Cascaded Learning System Based on Feature Selection and
Adaptive Boosting Model," in IEEE Access, vol. 7, pp. 116480-
116489, 2019.

[19] R. San-Segundo, J. Navarro-Hellin, and F. De la Torre, “Increasing
robustness in the detection of freezing of gait in Parkinson’s
disease,” *Electronics*, vol. 8, Art. no. 119, 2019.

[20] F. Amato, G. Imbalzano and L. Lopiano, "Speech Impairment in
Parkinson’s Disease: Acoustic Analysis of Unvoiced Consonants in
Italian Native Speakers," in IEEE Access, vol. 9, pp. 166370-
166381, 2021.

[21] T. Nandhini, V. Nikitha, and R. Anitha, “BEarly detection of
Parkinson's disease using machine learning,” *Int. J. Adv. Res.
Innov. ldeas Educ.*, vol. 6, no. 2, pp. 505-511, 2020.

[22] B. M. de Jong and B. M. Potgieser, “The effect of visual feedback
on writing size in Parkinson’s disease,” *Parkinsons Dis.*, vol.
2015, Art. no. 857041, 2015.

[23] Thomas, Kumar Pal, P. Handwriting Analysis in Parkinson’s
Disease: Current Status and Future Directions. Mov. Disord. Clin.
Pract. 2017, 4, 806-818.

[24] Srinivasulu Gundala, M. Mahaboob Basha, V. Madhurima, N.
Praveena and S. Venkatesh Kumar, "An Experimental Performance
on Solar Photovoltaic Thermal Collector with Nanofluids for
Sustainable Development", Journal of Nanomaterials, pp. 1-6.

[25] N. P. Narendra, B. Schuller and P. Alku, "The Detection of
Parkinson's Disease From Speech Using Voice Source
Information," in IEEE/ACM Transactions on Audio, Speech, and
Language Processing, vol. 29, pp. 1925-1936, 2021, doi:
10.1109/TASLP.2021.3078364.

[26] K. Polat, "A Hybrid Approach to Parkinson Disease Classification
Using Speech Signal: The Combination of SMOTE and Random
Forests," 2019 Scientific Meeting on Electrical-Electronics &
Biomedical Engineering and Computer Science (EBBT), Istanbul,
Turkey, 2019, pp. 1-3, doi: 10.1109/EBBT.2019.8741725.

[27] T. Exley, J. Kim and M. V. Albert, "Predicting UPDRS Motor
Symptoms in Individuals With Parkinson's Disease From Force
Plates Using Machine Learning," in IEEE Journal of Biomedical
and Health Informatics, vol. 26, no. 7, pp. 3486-3494, July 2022,
doi: 10.1109/JBHI.2022.3157518.

[28] X. Cui et al., "A Multiscale Hybrid Attention Networks Based on
Multiview Images for the Diagnosis of Parkinson’s Disease," in
IEEE Transactions on Instrumentation and Measurement, vol. 73,
pp. 1-11, 2024, Art no. 2501011, doi: 10.1109/T1M.2023.3315407.

[29] V. Skaramagkas, M. Tsiknakis, "Multi-Modal Deep Learning
Diagnosis of Parkinson’s Disease—A Systematic Review," in IEEE
Transactions on Neural Systems and Rehabilitation Engineering,
vol. 31, pp. 2399-2423, 2023, doi: 10.1109/TNSRE.2023.3277749.

[30] Q. Zeng, P. Liu, N. Yu, J. Wu, W. Huo and J. Han, "Video-Based
Quantification of Gait Impairments in Parkinson’s Disease Using
Skeleton-Silhouette Fusion Convolution Network," in IEEE
Transactions on Neural Systems and Rehabilitation Engineering,
vol. 31, pp. 2912-2922, 2023, doi: 10.1109/TNSRE.2023.3291359



