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Abstract

Neuroimaging, particularly magnetic resonance imaging (MRI), has advanced significantly in recent decades and has
played a significant sessional part in studying brain functions and diseases. MRI images, combined with unique ML
approaches and developed tools during these years, have opened up new opportunities for diagnosing neurological
illnesses. However, due to the apparent symptoms that are similar to each other, brain illnesses are regarded as difficult
to precisely detect. This research examines a newly developed algorithm (ParkinsonNet) to classify Parkinson's disorder
into two unique classes which are Control (healthy) and Parkinson's (PD), Convolutional neural networks (CNN) are
one of the deep learning methodologies used in this procedure. CNN is one way that may be used to classify a range of
brain illnesses such as Parkinson's. We employed a freshly constructed CNN technique from scratch, and we got 97.9%
accuracy which is considered outstanding compared with recently published articles using the same dataset.
Keywords: Parkinson’s Disease, CNN, MRI Image, Deep Learning.

BASLIK

Ozet

Son birka¢ on yilda ndrogoriintiileme, 6zellikle de manyetik rezonans goriintiileme (MRI), beyin fonksiyonlart ve
hastaliklariimn incelenmesinde dnemli bir oturumsal rol oynamistir. Bu yillarda benzersiz makine 6grenimi yaklagimlari
ve gelistirilen araclarla birlestirilen MRI goriintiileri, norolojik hastaliklarin teshisinde yeni firsatlar yaratti. Ancak
belirtilerin birbirine benzer olmast nedeniyle beyin hastaliklarinin kesin olarak tespit edilmesi zor kabul edilmektedir.
Bu aragtirma, Parkinson hastaligimi1 Kontrol (saglikli) ve Parkinson (PD) olmak {izere iki benzersiz sinifa ayirmak i¢in
yeni gelistirilen bir algoritmay1 (ParkinsonNet) incelemektedir; bu yontem, derin 6grenme yaklasimlarindan biri olan
Evrisimsel sinir aglar1 (CNN). CNN, Parkinson gibi ¢esitli beyin hastaliklarini siniflandirmak i¢in kullanilabilecek
yollardan biridir. Yeni olugturulmug bir CNN teknigini sifirdan kullandik ve ayn1 veri kiimesini kullanan yakin zamanda
yayilanan makalelerle karsilastirildiginda olaganiistii kabul edilen %97,9 dogruluk orani elde ettik.

Anahtar Kelimeler: Parkinson hastahg (PD), Evrisimli Sinir Ag1 (CNN), MRI Gériintiisii, Derin Ogrenme.

1. Introduction

The human brain may face lots of diseases that affect its control ability and may lead to uncontrol action and
judgments. For instance, Alzheimer’s disease (AD)(Al-Jumaili et al. 2023), Common neurological illnesses include
Parkinson's disease (PD) and schizophrenia (SZ) which cause a disruption in brain function (Tolosa, Wenning, and
Poewe 2006; Danielyan and Nasrallah 2009; Al-Jumaili et al. 2023; Al-azzawi et al. 2022). PD is considered a
hazardous illness that, if detected in time, can be eradicated or, in the worst situation, slowed (Fontana et al. 2017,
Leparulo et al. 2019). In this study, we explore the difficulties in classifing PD and highlight the potential
applications of deep learning algorithms. PD is a chronic, progressive neurological disorder characterized by a lack
of dopamine in the brain's substantia nigra. Figure 1 depicts the location of the substantia nigra in the brain as well
as the substantia in a healthy individual and a Parkinson's disease patient. Our disease is more frequent among the

aged people, generating stride and posture alterations that may increase the risk of falling and lead to mobility issues.
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So, the result, it interferes with daily activities and reduces the quality of life for patients and their families (Hughes

et al. 2002).
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Figure 1. A healthy subject (top right) and a PD (bottom right) have their substantia-nigra images compared.

PD symptoms usually appear gradually over time. Due to the disease's variety, the symptoms of progression differ
from one another. This makes detecting the illness in its first phases exceedingly challenging. The current clinical
diagnosis of Parkinson's disease is primarily clinical; however, imaging can assist in confirming dopamine
degradation and distinguish Atypical parkinsonism is a kind of Parkinson's disease (Stoessl, Lehericy, and Strafella
2014). Furthermore, the severity of the illness is assessed using the Unified Parkinson Illness Rating Scale (UPDRS),
This comprises a log of various patient motions taken at regular intervals. UPDRS data and the images are utilized
for diagnosis and research allowing us to design tasks that take advantage of deep learning capabilities while
reducing the manual work required to analyze this data. Doctors employ a variety of tests and imaging to confirm
Parkinson's disease because there is no standardized method. We offer an overview of the many forms of data

collected and develop a classification/prediction problem to aid in diagnosis.

Several neuroimaging approaches, including MRI and CT techniques, help to identify these illnesses early
identification, deep learning (DL)-based analytic algorithms have been created (Islam and Zhang 2018; Shatte,
Hutchinson, and Teague 2019; Salvatore et al. 2014; Mathew, Vivek, and Anurenjan 2018), as well as to develop
appropriate treatment plans (Mahmud and Vassanelli 2016, 2019; Poldrack, Gorgolewski, and Varoquaux 2019). In
the last era, ML had been the magic wand that applied successfully in various fields and with different needs such
as image analysis (Ali, Kaiser, and Mahmud 2019), disease detection (Noor et al. 2019; Miah et al. 2021), data
mining (Mahmud et al. 2018; Mahmud et al. 2021), etc. Moreover, DL has a noticeable success when dealing with
neurological when researchers attempted to employ DL-based for the diagnosis of brain disorders from MRI scans

(Islam and Zhang 2020; Lei et al. 2020; Chand et al. 2020).
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For much over a decade, medical issues have been solved using neural networks. However, as processing power has

increased in the last few years,

, CNN has found its way into the medical profession due to its high sensitivity in identifying tumors and other
abnormalities (Thaha et al. 2019; Mahmoudi et al. 2022; Kumari and Barpanda 2023; Moujahid, Cherradi, and
Bahatti 2020). In PD case, medical imaging entails the use of various scans such as MRI, PET, and DAT-scan, each
of which should be equipped with its own trained model to be relevant in PD diagnosis. The next reviews summarize
various perspectives. For instance, one of them tries to combine the uses of machine learning and big data to
investigate mental health (Shatte, Hutchinson, and Teague 2019). Moreover, several ML-based tasks have been
investigated using connectome data from MRI in order to improve the diagnosis of neurological diseases
(Neromyliotis et al. 2022). In addition, researchers in (Litjens et al. 2017), analyzed various medical images such as
neuro, pulmonary, and pathology and applied them to DL. The authors of (Gottapu and Dagli 2018) investigated the
use of DL to improve understanding and diagnosis of Parkinson's illness. In the same matter, researchers in (Lee et
al. 2018), used Voxel-based morphometry which is an automatic volume method, used mainly to compare
differences in brain volume between healthy and patient people. Huang et al. (Huang et al. 2021), suggested an
unsupervised feature selection strategy for manifold learning based on longitudinal multimodal data. The method's
fundamental idea is to compute the similarity matrix and discriminant features adaptively using joint embedding and
sparse regression. Additionally, Cigdem et al. (Cigdem and Demirel 2018), They created 3D montages for GM (grey
matter) and WM (white matter) tissues by combining various variables and GM, WM, and a two-sample t-test
procedure to classify Parkinson. Kollias et al. (Kollias et al. 2018), They suggested a DNN architecture that included
CNN for deriving rich internal representations from input data and a bidirectional-LSTM/gated recurrent units (GRU
RNNGs)-based RNN for analyzing the temporal progression of the inputs and giving final predictions. The ResNet
and ReLU architectures were used to create a hybrid supervised and unsupervised learning approach. They helped
to create a new database that was utilized for training, testing, and verifying the suggested systems. Norwitz et al.
(Norwitz et al. 2020), They compared the effects of immediate administration of a ketone ester drink and a taste-
matched, carbohydrate-based control drink on endurance exercise performance in 14 participants with Parkinson's
disease (40). Within 30 minutes of intake, the ketone ester drink increased participants' -HB levels to a mean of 3.5
mmol/L. When compared to the isocaloric placebo drink, consumption of the ketone ester drink was related to a
24% increase in exercise endurance capacity, suggesting that ketone ester supplementation has the potential to alter
motor function in Parkinson's disease. However, authors face throughout the diagnosing of the disease it involves
multiple features such as motor functions, dopamine concentration, and many other clinical tests so it is considered
a Challenge. Therefore, examining only one attribute to Understand the condition is insufficient as there are several
brain-related disorders with comparable symptoms. Based on the previous accuracy values obtained from the
different types of studies. Thus, we propose a novel convolutional neural network to increase the accuracy further.
And to provide a tool that can help the health sector classify Parkinson's diseases. Our paper Sections are structured
like this: Section 2 uses strategies, while Section 3 offers the work results. Finally, the conclusion is listed in Section

4.
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2. Methodology
2.1. Brain MRI Dataset

The primary motivation for this project was to provide an ensembled framework for Parkinson's disease
classification; the MRI dataset used came from Kaggle's public databases (Kabir 2022). This dataset contains 6477
MRI pictures, including 3010 MRI slices for healthy people, 906 MRI slices for Parkinson's disease, and 2561 MRI
slices for Alzheimer's illness. The full set of MRI slices is in PNG format, and their size was changed to 224 X 224

pixels throughout the work. We used here just two classes: the PD and the healthy condition as presented in Figure

2.

Figure 1. MRI images of the two classes of the dataset used, (A) the healthy, and (B) for PD.
2.2. Design Convolutional Neural Network (CNN)

CNN is a deep learning approach, are designed particularly for image analysis with two-dimensional data (Al-
Jumaili et al. 2022). CNN is built on layers, each with its own learning process and outputs that are fed into the
following levels. CNN is a learning algorithm that employs a raw input picture as its foundation. The standard
structure of CNN is often divided into two basic components: feature extraction and classification. To collect
characteristics, several types of layers are used to extract hidden data from MRI images, which play an important
role since they have a major influence on the precision of classification results. Following that, the classifier will
take all of the features extracted from it and split them into the right classifications. Convolution is the most
important stage in CNN approaches since it is responsible for detecting traits and applying filters. Strides and the
number of filters are two extremely important elements that have a substantial influence on the output of the
convolutional operation, with stride defined as the space that separates two pixels and a number of filters defined as
the number of features in the feature map (Haq et al. 2022). Two functions, f, and G, are mathematically merged to
produce H(t), where H represents the entire amount of overlap of only one function, f(T), as it moves over the other

criterion, G (Yamashita et al. 2018). This is demonstrated in the equation outlined below.

H(t) = f_oof(T)G(t — T)dT

Whenever used, H=f* G
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Figure 3. (a) Input Matrix (b) Kernel Matrix (c) Outcome Matrix.

As shown in Figure 4 below, each of the six blocks of the convolution layer used in our proposed approach for
deriving characteristics from MRI images has a (convolution Layer, batch Normalisation Layer, clipped Relu Layer,
and MaxPooling Layer). The technique normally starts in the upper left corner, where the kernel matrix we utilized
was 3x3 fixed for all Convolution layers yielding a result comparable to that seen in Figure 3. The kernel matrix 3x3
is then used again, but this time it is moved one column to the right owing to the Stride set (1x1), encompassing the
full picture input. The activation function is critical in transforming linear input data to nonlinear output in order to
speed up training and reduce network sensitivity. Despite the fact that ReLU cannot simultaneously activate all of
the neurons in a cell, it is one of the most extensively used activation methods. To keep the final output from growing
too large, we employed a Clipped Rectified Linear Unit (clipped Relu Layer) with a limit approach. All input less
than zero is converted to zero, and any value more than the ceiling is made to match the clipping ceiling, which is
equal to 10. Furthermore, utilizing Max Pooling boosted the precision ratio by pooling the map's convolutional
features to reach the highest feasible average value. Furthermore, in the classification portion, input characteristics
were sent to three sets of fully connected layers, each of which was preceded by a dropout layer that was (0.5) to
prevent overfitting that happened in the model and followed by all features retrieved by convolution layers. The last

block consisted of the Fully Connected Layer, SoftMax Layer, and Classification Layer.
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2.3. Evaluation Metrics

In accordance with the results that confusion matrix have and illustrated in Table 1, we used a number of assessment
metrics to evaluate the efficacy of our proposed model. Table 1 summarises the accurate and wrong values assigned

by the classifier for the predictions. These metrics are used to analyze and test the model's efficacy, such as accuracy.

Table 1. confusion matrix outcome.

Classes Name Predicted Class
Control 130 1
Actual Class
PD 2 11

Generally, Confusion matrices are extensively used since they offer a more exact image of a model's efficiency than
classification accuracy. Moreover, precision, sensitivity, and specificity were evaluated using the means as equations
shown in Table 2. Accuracy was defined by the proportion of forecasts in the overall dataset that were correct. The
total number of correct positive predictions from each positive prediction is used to calculate recall or sensitivity.
While, precision, also known as confidence, is the probability that an actual number will be larger than the total of
anticipated positives. Furthermore, the balance of precision and memory is represented by a harmonic, sometimes
known as the F1-Score, the combination of precision and recall is represented. Using F1-Score is a secure technique

to get a clear sense of the results we received.

Table 2. The equations used to calculate the results.

TP+TN
TP+FP+TN+FN

Accuracy =

TP
R _ P
ecall = Sensitivity TP+ FN
Precision = Confid .
recision = Confidence = TP ¥ Fp
2xTP

F1 — score =

2*TP+FP+FN
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3. Results

The fundamental concept behind this work is to use MRI scans to classify two different forms of the brain disease
Parkinson's: control and PD. Our suggested model was built on a convolutional neural network. The suggested model
comprises five blocks for obtaining distinguishing information from MRI images and 1 block for identifying the
most significant features of the 4 phases. We trained and evaluated our model to guarantee that the outcomes of the
suggested technique are accurate, adequate, and efficient. Based on these findings, it was discovered that the
suggested model produced improved outcomes when employing the MRI dataset with 97.9% accuracy. Latter, Table
4 below illustrates the equations that have been calculated which are: precision, recall, and F1-Score that have been

evaluated for our approach using our constructed CNN architecture.

Table 3. Evaluation metries results.

Class Precision Recall F1 Score Accuracy
Control (Healthy) 99 08 99 97.9
b 98 92 88 97.9

There are many methods used to classify Parkinson's disease, each with its own characteristics, but in the end, all of
them try to reach the highest accuracy. Thus, in this paper, we develop a new model that has a novel convolutional
neural network structure applied to classify PD with superior precision. Our developed algorithm has three main
advantages: 1The capacity to extract characteristics from images better than traditional methods 2) The possibility
of achieving a classification with high accuracy compared to the method used by many other studies 3) The ability
to diagnose time with a shorter time difference than the methods used, based on the structure used in the model’s

architecture, which led to achieving a high time difference.

There are many types of problems when compared with different datasets due to the gathering of datasets having
several factors that affect the dataset, such as 1) the device used to collect the dataset; 2) the resolution of the image
produced; and many additional aspects that play a critical role in the diagnosis of diseases. With all the challenges,
our model achieved high-accuracy results compared to the other methods. As shown in Table 4, the model we

developed clearly outperformed all prior research.
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Table 4. The suggested architecture compares the same MRI dataset with various studies.

Ref. Data Subjects Method Acc
Source Number
(Aich et al. 2019) UCI 31,8HC + 23PD SVM 97.57
(Al-Fatlawi, Jabardi, ) .
and Ling 2016) UCI 31;8HC + 23PD Deep Belief Network 94
(Al Sayaydeha and . Enhanced Fuzzy Min-Max
Mohammad 2019) ucl 3L;8HC + 23PD Neural Network and OneR .21
. 40;
(Ali, Khan, et al. 2019) UCI 20HC+20PD SVM 70
. 40;
(Ali, Zhu, et al. 2019) UCI 20HC+20PD LDA 95
(Algahtani et al. 2018) ucl 31:8Hpg +23 AdaBoost 96.30
(Anand et al. 2018) UCI 31;8HC + 23PD KNN, 95.51
(Cai et al. 2018) UCI 31;8HC + 23PD Fuzzy-KNN 97.89
(Celik gggg?murca UCI 40;20HC+20PD Logistic Regression 76.03
(Dinesh and He 2017) UCl 31;8HC+23PD Boosted Decision Tree 91.21
(Erdogdu Sakar,
Serbes, and Sakar UCI 50;8HC+42PD SVM 96.43
2017)
(Gunduz 2019) uct | SHOTLEHLES CNN 869
(Islam et al. 2014) UCI 31;8HC+23PD SVM, Random Tree 97.37
(Senturk 2020) UCI 31;8HC+23PD SVM 93.84
(Khan, Mendes, and . Evolutionary Wavelet
Chalup 2018) UCl 31,8HC+23PD Neural Networks 92.9
(Kuresan, Samiappan, .
and Masunda 2019) UCI 40;20HC+20PD HMM 95.16
(Marar et al. 2018) UCI 31;8HC+23PD ANN 94.87
(Moharkan et al. 2017) UCI 31;8HC+23PD KNN 90
(Sheibani, Nikookar, )
and Alavi 2019) UCI 31;8HC+23PD Ensemble 90.6
(Yaman, Ertam, and .
Tuncer 2020) UCI 80;40HC+40PD SVM 91.25
(Montana, Campos- . .
Roca, and Pérez 2018) Private 54;27THC+27PD SVM 94.4
(Sztaho et al. 2017) Private | 88;33HC+55PD SVM-RBF 89.3
(Wodzinski et al. 2019) | PC-GITA 50PD+50HC ResNet 91.7
(Buongg’lrg)o etal. | private | 30:14HC+16PD ANN 89.4
(Xiao et al. 2019) Private 87PD; 53HC CNN 89.0
(Yasaka et al. 2021) Private | 115HC+ 115PD CNN 81.0
(Chakraborty, Aich,
and Kim 2020) PPMI 203HC +203PD CNN 95.3
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(Tremblay, Mei, and .
Frasnelli 2020) Private 15HC+15PD CNN 88.3
(Shinde et al. 2019) Private 35 HC+45PD CNN 80.0
(Piccardo et al. 2021) Private 55HC+43PD CNN 93.0
(Shen et al. 2018) Private | 225HC+125pD | CTOUP Lasso Sparse Deep | g
Belief Network
(Dai, Tagg’lg;‘d Wang | ppvy | 127HC+214PD CNN 84.2
(Magesh, Myloth, and
Tom 2020) PPMI 212HC+ 430PD CNN 95.2
(Chien et al. 2020) Private 145HC+234PD CNN 86.0
(Hsu et al. 2020) Private 6HC+196PD CNN 85.0
(Ortiz et al. 2019) PPMI 111HC+158PD CNN 95.1
(Ma”'”e;b'\fg)rc'a etal- | ppmvi | 194HC+448PD CNN 94.1
(Oh et al. 2020) Private 20HC+20PD 1D-CNN 88.3
(Zhang et al. 2020) Public 2148Hg+656p CNN 86.0
(Alharthi, Casson, and :
Ozanyan 2020) Public 73 HC +93PD CNN 955
(Butt et al. 2020) Private 50 HC+64PD LSTM 82.4
(Cantiirk 2021) N.A. 15HC +25PD CNN 94.0
(Gil-Martin, Montero,
and San-Segundo N.A. 15HC+62PD CNN 96.5
2019)
(Gazda, Hires, and
Drotér 2021) N.A. NA CNN 94.7
(Pereira et al. 2018) N.A. 18HC +74PC CNN 95.0
(Ribeiro, Afonso, and
Papa 2019) N.A. 21HC+14PD RNN 97.0
(Diaz et al. 2019) PaHawW 38HC+37PD CNN 86.67
(Diazetal.2021) | NeWHan NA CNN-RNN 90.0
(NOomm et al. 2020) N.A. 17HC+17PD; CNN 93
(Pr'”cez"’c‘)”l‘é)De Vos N.A. | 866HC+949PD CNN 62.1
OURs Public 82HC+100PD CNN 97.9

4. Conclusion

Certain systems inside healthcare may become crucial tools for clinicians to obtain an accurate

classification for various diseases such as Parkinson's disease. Consequently, deep learning algorithms

have recently been introduced to the medical profession and have proven to be effective for a variety of

detection and prediction tasks. These applications have demonstrated that good collaboration between the
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healthcare section and deep learning researchers can build a system for illness detection that is easier,

simpler, and faster.

This article used public MRI images that were available on Kaggle as a dataset for the classification of
two types of health subject conditions: control and Parkinson’s disease (PD). Some techniques may
require specific data properties, our work approach needed the dataset to be re-sized to 224x224 as a pre-

processing phase before applying our developed CNN.

The top results evaluated by constructed CNN models had an accuracy of 97.9%. As a result, the deep
learning system provided here can help clinicians diagnose Parkinson's disease more effectively. Finally,
we contrasted our findings to other recent cutting-edge studies, and our proposed technique outscored

them all.

REFERENCES

Aich, Satyabrata, Hee-Cheol Kim, Kueh Lee Hui, Ahmed Abdulhakim Al-Absi, and Mangal Sain. 2019.
"A supervised machine learning approach using different feature selection techniques on voice
datasets for prediction of Parkinson’s disease." In 2019 2Ist International Conference on
Advanced Communication Technology (ICACT), 1116-21. IEEE.

Al-azzawi, Athar Hussein A li, Saif Al-jumaili, Abdullahi Abdu Ibrahim, and Adil Deniz Duru. 2022.
"Classification of epileptic seizure features from scalp electrical measurements using KNN and
SVM based on Fourier Transform." In AIP Conference Proceedings, 020003. AIP Publishing
LLC.

Al-Fatlawi, Ali H, Mohammed H Jabardi, and Sai Ho Ling. 2016. "Efficient diagnosis system for
Parkinson's disease using deep belief network." In 2016 IEEE Congress on evolutionary
computation (CEC), 1324-30. IEEE.

Al-Jumaili, Saif, Athar Al-Azzawi, Osman Nuri Ugan, and Adil Deniz Duru. 2023. 'Classification of the
Level of Alzheimer's Disease Using Anatomical Magnetic Resonance Images Based on a Novel
Deep Learning Structure.' in, Diagnosis of Neurological Disorders Based on Deep Learning
Techniques (CRC Press).

Al-Jumaili, Saif, Ahmed Al-Jumaili, Salam Alyassri, Adil Deniz Duru, and Osman Nuri Ugan. 2022.
"Recent Advances on Convolutional Architectures in Medical Applications: Classical or
Quantum?" In 2022 International Symposium on Multidisciplinary Studies and Innovative
Technologies (ISMSIT), 800-05. IEEE.

Al Sayaydeha, Osama Nayel, and Mohammad Falah Mohammad. 2019. "Diagnosis of the Parkinson
disease using enhanced fuzzy min-max neural network and OneR attribute evaluation method."

In 2019 International Conference on Advanced Science and Engineering (ICOASE), 64-69. IEEE.



AURUM MUHENDISLiK SISTEMLERiI VE MIMARLIK DERGIiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 7, Say1 2 | Kis 2023
Volume 7, No 2 | Winter 2023

Alharthi, Abdullah S, Alexander J Casson, and Krikor B Ozanyan. 2020. 'Gait spatiotemporal signal
analysis for Parkinson’s disease detection and severity rating', IEEE Sensors Journal, 21: 1838-
48.

Ali, Hafsa Moontari, M Shamim Kaiser, and Mufti Mahmud. 2019. "Application of convolutional neural
network in segmenting brain regions from MRI data." In International conference on brain
informatics, 136-46. Springer.

Ali, Liaqat, Shafqat Ullah Khan, Muhammad Arshad, Sardar Ali, and Muhammad Anwar. 2019. "A multi-
model framework for evaluating type of speech samples having complementary information
about Parkinson's disease." In 2019 International conference on electrical, communication, and
computer engineering (ICECCE), 1-5. IEEE.

Ali, Liaqat, Ce Zhu, Noorbakhsh Amiri Golilarz, Ashir Javeed, Mingyi Zhou, and Yipeng Liu. 2019.
'Reliable Parkinson’s disease detection by analyzing handwritten drawings: construction of an
unbiased cascaded learning system based on feature selection and adaptive boosting model', IEEE
Access, 7: 116480-89.

Algahtani, Ebtesam J, Fatimah H Alshamrani, Hajra F Syed, and Sunday O Olatunji. 2018. "Classification
of Parkinson’s disease using NNge classification algorithm." In 2018 2Ist Saudi Computer
Society National Computer Conference (NCC), 1-7. IEEE.

Anand, Anuj, Md Amaan Haque, John Sahaya Rani Alex, and Nithya Venkatesan. 2018. "Evaluation of
Machine learning and Deep learning algorithms combined with dimentionality reduction
techniques for classification of Parkinson’s Disease." In 2018 IEEFE international symposium on
signal processing and information technology (ISSPIT), 342-47. IEEE.

Buongiorno, Domenico, Ilaria Bortone, Giacomo Donato Cascarano, Gianpaolo Francesco Trotta,
Antonio Brunetti, and Vitoantonio Bevilacqua. 2019. 'A low-cost vision system based on the
analysis of motor features for recognition and severity rating of Parkinson’s Disease', BMC
Medical Informatics and Decision Making, 19: 1-13.

Butt, Abdul Haleem, Filippo Cavallo, Carlo Maremmani, and Erika Rovini. 2020. "Biomechanical
parameters assessment for the classification of Parkinson disease using bidirectional long short-
term memory." In 2020 42nd Annual International Conference of the IEEE Engineering in
Medicine & Biology Society (EMBC), 5761-64. IEEE.

Cai, Zhennao, Jianhua Gu, Caiyun Wen, Dong Zhao, Chunyu Huang, Hui Huang, Changfei Tong, Jun Li,
and Huiling Chen. 2018. 'An intelligent Parkinson’s disease diagnostic system based on a chaotic
bacterial foraging optimization enhanced fuzzy KNN approach', Computational and
Mathematical Methods in Medicine, 2018.

Cantiirk, Ismail. 2021. 'Fuzzy recurrence plot-based analysis of dynamic and static spiral tests of

Parkinson’s disease patients', Neural Computing and Applications, 33: 349-60.



AURUM MUHENDISLiK SISTEMLERiI VE MIMARLIK DERGIiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 7, Say1 2 | Kis 2023
Volume 7, No 2 | Winter 2023

Celik, Enes, and Sevinc Ilhan Omurca. 2019. "Improving Parkinson's disease diagnosis with machine
learning methods." In 2019 Scientific Meeting on Electrical-Electronics & Biomedical
Engineering and Computer Science (EBBT), 1-4. leee.

Chakraborty, Sabyasachi, Satyabrata Aich, and Hee-Cheol Kim. 2020. 'Detection of Parkinson’s disease
from 3T T1 weighted MRI scans using 3D convolutional neural network', Diagnostics, 10: 402.

Chand, Ganesh B, Dominic B Dwyer, Guray Erus, Aristeidis Sotiras, Erdem Varol, Dhivya Srinivasan,
Jimit Doshi, Raymond Pomponio, Alessandro Pigoni, and Paola Dazzan. 2020. "Two distinct
neuroanatomical subtypes of schizophrenia revealed using machine learning', Brain, 143: 1027-
38.

Chien, Chung-Yao, Szu-Wei Hsu, Tsung-Lin Lee, Pi-Shan Sung, and Chou-Ching Lin. 2020. 'Using
artificial neural network to discriminate Parkinson’s disease from other Parkinsonisms by
focusing on putamen of dopamine transporter SPECT images', Biomedicines, 9: 12.

Cigdem, Ozkan, and Hasan Demirel. 2018. 'Performance analysis of different classification algorithms
using different feature selection methods on Parkinson's disease detection', Journal of
neuroscience methods, 309: 81-90.

Dai, Yin, Zheng Tang, and Yang Wang. 2019. 'Data driven intelligent diagnostics for Parkinson’s disease’,
IEEE Access, 7: 106941-50.

Danielyan, Arman, and Henry A Nasrallah. 2009. '"Neurological disorders in schizophrenia', Psychiatric
Clinics, 32: 719-57.

Diaz, Moises, Miguel Angel Ferrer, Donato Impedovo, Giuseppe Pirlo, and Gennaro Vessio. 2019.
'Dynamically enhanced static handwriting representation for Parkinson’s disease detection',
Pattern Recognition Letters, 128: 204-10.

Diaz, Moises, Momina Moetesum, Imran Siddiqi, and Gennaro Vessio. 2021. 'Sequence-based dynamic
handwriting analysis for Parkinson’s disease detection with one-dimensional convolutions and
BiGRUS', Expert Systems with Applications, 168: 114405.

Dinesh, Akshaya, and Jennifer He. 2017. "Using machine learning to diagnose Parkinson's disease from
voice recordings." In 2017 IEEE MIT Undergraduate Research Technology Conference (URTC),
1-4. IEEE.

Erdogdu Sakar, Betul, Gorkem Serbes, and C Okan Sakar. 2017. 'Analyzing the effectiveness of vocal
features in early telediagnosis of Parkinson's disease', Plos one, 12: €0182428.

Fontana, Roberto, Mario Agostini, Emanuele Murana, Mufti Mahmud, Elena Scremin, Maria Rubega,
Giovanni Sparacino, Stefano Vassanelli, and Cristina Fasolato. 2017. 'Early hippocampal
hyperexcitability in PS2APP mice: role of mutant PS2 and APP', Neurobiology of aging, 50: 64-
76.



AURUM MUHENDISLiK SISTEMLERiI VE MIMARLIK DERGIiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 7, Say1 2 | Kis 2023
Volume 7, No 2 | Winter 2023

Gazda, Matej, Maté Hires, and Peter Drotar. 2021. 'Multiple-fine-tuned convolutional neural networks for
Parkinson’s disease diagnosis from offline handwriting', /EEE Transactions on Systems, Man,
and Cybernetics: Systems, 52: 78-809.

Gil-Martin, Manuel, Juan Manuel Montero, and Rubén San-Segundo. 2019. 'Parkinson’s disease detection
from drawing movements using convolutional neural networks', Electronics, 8: 907.

Gottapu, Ram Deepak, and Cihan H Dagli. 2018. 'Analysis of Parkinson’s disease data', Procedia
computer science, 140: 334-41.

Gunduz, Hakan. 2019. 'Deep learning-based Parkinson’s disease classification using vocal feature sets',
IEEE Access, 7: 115540-51.

Hagq, Ejaz Ul, Huang Jianjun, Xu Huarong, Kang Li, and Lifen Weng. 2022. 'A hybrid approach based on
deep cnn and machine learning classifiers for the tumor segmentation and classification in brain
MRI', Computational and Mathematical Methods in Medicine, 2022.

Hsu, Shih-Yen, Li-Ren Yeh, Tai-Been Chen, Wei-Chang Du, Yung-Hui Huang, Wen-Hung Twan, Ming-
Chia Lin, Yun-Hsuan Hsu, Yi-Chen Wu, and Huei-Yung Chen. 2020. 'Classification of the
multiple stages of Parkinson’s Disease by a deep convolution neural network based on 99mTec-
TRODAT-1 SPECT images', Molecules, 25: 4792.

Huang, Lele, Dan Zhang, Jianling Ji, Yujie Wang, and Ruijun Zhang. 2021. 'Central retina changes in
Parkinson’s disease: a systematic review and meta-analysis', Journal of neurology: 1-9.

Hughes, Andrew J, Susan E Daniel, Yoav Ben-Shlomo, and Andrew J Lees. 2002. 'The accuracy of
diagnosis of parkinsonian syndromes in a specialist movement disorder service', Brain, 125: 861-
70.

Islam, Jyoti, and Yanqing Zhang. 2018. 'Brain MRI analysis for Alzheimer’s disease diagnosis using an

ensemble system of deep convolutional neural networks', Brain informatics, 5: 1-14.

. 2020. 'GAN-based synthetic brain PET image generation', Brain informatics, 7: 1-12.

Islam, Mohammad S, Imtiaz Parvez, Hai Deng, and Parijat Goswami. 2014. "Performance comparison of
heterogeneous classifiers for detection of Parkinson's disease using voice disorder (dysphonia).”
In 2014 International Conference on Informatics, Electronics & Vision (ICIEV), 1-7. IEEE.

Kabir, Farjana. 2022. 'Alzheimer Parkinson Diseases 3 Class', Farjana Kabir, Accessed 20 octoper 2023.

https://www.kaggle.com/datasets/farjanakabirsamanta/alzheimer-diseases-3-class/data.

Khan, Maryam Mabhsal, Alexandre Mendes, and Stephan K Chalup. 2018. 'Evolutionary Wavelet Neural
Network ensembles for breast cancer and Parkinson’s disease prediction', Plos one, 13: €0192192.

Kollias, Dimitrios, Athanasios Tagaris, Andreas Stafylopatis, Stefanos Kollias, and Georgios Tagaris.
2018. 'Deep neural architectures for prediction in healthcare', Complex & Intelligent Systems, 4:
119-31.


https://www.kaggle.com/datasets/farjanakabirsamanta/alzheimer-diseases-3-class/data

AURUM MUHENDISLiK SISTEMLERiI VE MIMARLIK DERGIiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 7, Say1 2 | Kis 2023
Volume 7, No 2 | Winter 2023

Kumari, KH Vijaya, and Soubhagya Sankar Barpanda. 2023. 'Residual UNet with Dual Attention—An
ensemble residual UNet with dual attention for multi-modal and multi-class brain MRI
segmentation', International Journal of Imaging Systems and Technology, 33: 644-58.

Kuresan, Harisudha, Dhanalakshmi Samiappan, and Sam Masunda. 2019. 'Fusion of WPT and MFCC
feature extraction in Parkinson’s disease diagnosis', Technology and Health Care, 27: 363-72.

Lee, Sieh-Yang, Meng-Hsiang Chen, Pi-Ling Chiang, Hsiu-Ling Chen, Kun-Hsien Chou, Yueh-Cheng
Chen, Chiun-Chieh Yu, Nai-Wen Tsai, Shau-Hsuan Li, and Cheng-Hsien Lu. 2018. 'Reduced gray
matter volume and respiratory dysfunction in Parkinson’s disease: a voxel-based morphometry
study', BMC neurology, 18: 1-8.

Lei, Baiying, Yujia Zhao, Zhongwei Huang, Xiaoke Hao, Feng Zhou, Ahmed Elazab, Jing Qin, and Haijun
Lei. 2020. 'Adaptive sparse learning using multi-template for neurodegenerative disease
diagnosis', Medical Image Analysis, 61: 101632.

Leparulo, Alessandro, Mufti Mahmud, Elena Scremin, Tullio Pozzan, Stefano Vassanelli, and Cristina
Fasolato. 2019. 'Dampened slow oscillation connectivity anticipates amyloid deposition in the
PS2APP mouse model of Alzheimer’s disease', Cells, 9: 54.

Litjens, Geert, Thijs Kooi, Babak Ehteshami Bejnordi, Arnaud Arindra Adiyoso Setio, Francesco Ciompi,
Mohsen Ghafoorian, Jeroen Awm Van Der Laak, Bram Van Ginneken, and Clara I Sanchez. 2017.
'A survey on deep learning in medical image analysis', Medical Image Analysis, 42: 60-88.

Magesh, Pavan Rajkumar, Richard Delwin Myloth, and Rijo Jackson Tom. 2020. 'An explainable machine
learning model for early detection of Parkinson's disease using LIME on DaTSCAN imagery',
Computers in biology and medicine, 126: 104041.

Mahmoudi, Tahereh, Zahra Mousavi Kouzahkanan, Amir Reza Radmard, Raheleh Kafieh, Aneseh
Salehnia, Amir H Davarpanah, Hossein Arabalibeik, and Alireza Ahmadian. 2022. 'Segmentation
of pancreatic ductal adenocarcinoma (PDAC) and surrounding vessels in CT images using deep
convolutional neural networks and texture descriptors', Scientific Reports, 12: 3092.

Mahmud, Mufti, M Shamim Kaiser, T Martin McGinnity, and Amir Hussain. 2021. 'Deep learning in
mining biological data', Cognitive computation, 13: 1-33.

Mahmud, Mufti, Mohammed Shamim Kaiser, Amir Hussain, and Stefano Vassanelli. 2018. 'Applications
of deep learning and reinforcement learning to biological data', /EEE transactions on neural
networks and learning systems, 29: 2063-79.

Mahmud, Mufti, and Stefano Vassanelli. 2016. 'Processing and analysis of multichannel extracellular

neuronal signals: state-of-the-art and challenges', Frontiers in neuroscience, 10: 248.

. 2019. 'Open-source tools for processing and analysis of in vitro extracellular neuronal signals',
In Vitro Neuronal Networks: From Culturing Methods to Neuro-Technological Applications: 233-
50.



AURUM MUHENDISLiK SISTEMLERiI VE MIMARLIK DERGIiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 7, Say1 2 | Kis 2023
Volume 7, No 2 | Winter 2023

Marar, Shreerag, Debabrata Swain, Vivek Hiwarkar, Nikhil Motwani, and Akshar Awari. 2018.
"Predicting the occurrence of Parkinson’s Disease using various Classification Models." In 2018
International Conference on Advanced Computation and Telecommunication (ICACAT), 1-5.
IEEE.

Martinez-Murcia, Francisco J, Juan M Gorriz, Javier Ramirez, and Andres Ortiz. 2018. 'Convolutional
neural networks for neuroimaging in Parkinson’s disease: Is preprocessing needed?’,
International journal of neural systems, 28: 1850035.

Mathew, Nimmy Ann, RS Vivek, and PR Anurenjan. 2018. "Early diagnosis of Alzheimer's disease from
MRI images using PNN." In 2018 international CET conference on control, communication, and
computing (IC4), 161-64. IEEE.

Miah, Yunus, Chowdhury Nazia Enam Prima, Sharmeen Jahan Seema, Mufti Mahmud, and M Shamim
Kaiser. 2021. "Performance comparison of machine learning techniques in identifying dementia
from open access clinical datasets." In Advances on Smart and Soft Computing: Proceedings of
ICACIn 2020, 79-89. Springer.

Moharkan, Zaid Ajaz, Harshul Garg, Tanupriya Chodhury, and Praveen Kumar. 2017. "A classification
based Parkinson detection system." In 2017 International Conference On Smart Technologies For
Smart Nation (SmartTechCon), 1509-13. IEEE.

Montafa, David, Yolanda Campos-Roca, and Carlos J Pérez. 2018. 'A Diadochokinesis-based expert
system considering articulatory features of plosive consonants for early detection of Parkinson’s
disease', Computer Methods and Programs in Biomedicine, 154: 89-97.

Moujahid, Hicham, Bouchaib Cherradi, and Lhoussain Bahatti. 2020. "Convolutional neural networks for
multimodal brain MRI images segmentation: A comparative study." In Smart Applications and
Data Analysis: Third International Conference, SADASC 2020, Marrakesh, Morocco, June 25—
26, 2020, Proceedings 3, 329-38. Springer.

Neromyliotis, Eleftherios, Theodosis Kalamatianos, Athanasios Paschalis, Spyridon Komaitis,
Konstantinos N Fountas, Eftychia Z Kapsalaki, George Stranjalis, and Ioannis Tsougos. 2022.
'Machine learning in meningioma MRI: past to present. A narrative review', Journal of Magnetic
Resonance Imaging, 55: 48-60.

Nomm, Sven, Sergei Zarembo, Kadri Medijainen, Pille Taba, and Aaro Toomela. 2020. 'Deep CNN based
classification of the archimedes spiral drawing tests to support diagnostics of the Parkinson’s
disease', IFAC-PapersOnlLine, 53: 260-64.

Noor, Manan Binth Taj, Nusrat Zerin Zenia, M Shamim Kaiser, Mufti Mahmud, and Shamim Al Mamun.
2019. "Detecting neurodegenerative disease from MRI: a brief review on a deep learning
perspective." In Brain Informatics: 12th International Conference, BI 2019, Haikou, China,
December 13—15, 2019, Proceedings 12, 115-25. Springer.



AURUM MUHENDISLiK SISTEMLERiI VE MIMARLIK DERGIiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 7, Say1 2 | Kis 2023
Volume 7, No 2 | Winter 2023

Norwitz, Nicholas G, David J Dearlove, Meng Lu, Kieran Clarke, Helen Dawes, and Michele T Hu. 2020.
'A ketone ester drink enhances endurance exercise performance in Parkinson’s disease', Frontiers
in neuroscience, 14: 584130.

Oh, Shu Lih, Yuki Hagiwara, U Raghavendra, Rajamanickam Yuvaraj, N Arunkumar, M Murugappan,
and U Rajendra Acharya. 2020. 'A deep learning approach for Parkinson’s disease diagnosis from
EEG signals', Neural Computing and Applications, 32: 10927-33.

Ortiz, Andrés, Jorge Munilla, Manuel Martinez-Ibafiez, Juan M Gorriz, Javier Ramirez, and Diego Salas-
Gonzalez. 2019. 'Parkinson's disease detection using isosurfaces-based features and convolutional
neural networks', Frontiers in neuroinformatics, 13: 48.

Pereira, Clayton R, Danilo R Pereira, Gustavo H Rosa, Victor HC Albuquerque, Silke AT Weber, Christian
Hook, and Jodo P Papa. 2018. 'Handwritten dynamics assessment through convolutional neural
networks: An application to Parkinson's disease identification', Artificial intelligence in medicine,
87: 67-717.

Piccardo, Arnoldo, Roberto Cappuccio, Gianluca Bottoni, Diego Cecchin, Luca Mazzella, Alessio Cirone,
Sergio Righi, Martina Ugolini, Pietro Bianchi, and Pietro Bertolaccini. 2021. 'The role of the deep
convolutional neural network as an aid to interpreting brain [ 18 F] DOPA PET/CT in the diagnosis
of Parkinson’s disease', European radiology, 31: 7003-11.

Poldrack, Russell A, Krzysztof J Gorgolewski, and Gaél Varoquaux. 2019. 'Computational and informatic
advances for reproducible data analysis in neuroimaging', Annual Review of Biomedical Data
Science, 2: 119-38.

Prince, John, and Maarten De Vos. 2018. "A deep learning framework for the remote detection of
Parkinson’s disease using smart-phone sensor data." In 2018 40th Annual International
Conference of the IEEE Engineering in Medicine and Biology Society (EMBC), 3144-47. IEEE.

Ribeiro, Luiz CF, Luis CS Afonso, and Joao P Papa. 2019. 'Bag of samplings for computer-assisted
Parkinson's disease diagnosis based on recurrent neural networks', Computers in biology and
medicine, 115: 103477.

Salvatore, Christian, Antonio Cerasa, Isabella Castiglioni, F Gallivanone, A Augimeri, M Lopez, G
Arabia, M Morelli, MC Gilardi, and A Quattrone. 2014. 'Machine learning on brain MRI data for
differential diagnosis of Parkinson's disease and Progressive Supranuclear Palsy', Journal of
neuroscience methods, 222: 230-37.

Senturk, Zehra Karapinar. 2020. 'Early diagnosis of Parkinson’s disease using machine learning
algorithms', Medical Hypotheses, 138: 109603.

Shatte, Adrian BR, Delyse M Hutchinson, and Samantha J Teague. 2019. 'Machine learning in mental
health: a scoping review of methods and applications', Psychological medicine, 49: 1426-48.



AURUM MUHENDISLiK SISTEMLERiI VE MIMARLIK DERGIiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 7, Say1 2 | Kis 2023
Volume 7, No 2 | Winter 2023

Sheibani, Razieh, Elham Nikookar, and Seyed Enayatollah Alavi. 2019. 'An ensemble method for
diagnosis of Parkinson's disease based on voice measurements', Journal of medical signals and
sensors, 9: 221.

Shen, Lu, Jun Shi, Bangming Gong, Yingchun Zhang, Yun Dong, Qi Zhang, and Hedi An. 2018. "Multiple
empirical kernel mapping based broad learning system for classification of Parkinson’s disease
with transcranial sonography." In 2018 40th Annual International Conference of the IEEE
Engineering in Medicine and Biology Society (EMBC), 3132-35. IEEE.

Shinde, Sumeet, Shweta Prasad, Yash Saboo, Rishabh Kaushick, Jitender Saini, Pramod Kumar Pal, and
Madhura Ingalhalikar. 2019. 'Predictive markers for Parkinson's disease using deep neural nets
on neuromelanin sensitive MRI', Neurolmage: Clinical, 22: 101748.

Stoessl, A Jon, Stephane Lehericy, and Antonio P Strafella. 2014. 'Tmaging insights into basal ganglia
function, Parkinson's disease, and dystonia', The Lancet, 384: 532-44.

Sztaho, David, Miklos Gabriel Tulics, Klara Vicsi, and Istvan Valalik. 2017. "Automatic estimation of
severity of Parkinson's disease based on speech rhythm related features." In 2017 8th IEEE
International Conference on Cognitive Infocommunications (CoglnfoCom), 000011-16. IEEE.

Thaha, M Mohammed, K Pradeep Mohan Kumar, BS Murugan, S Dhanasekeran, P Vijayakarthick, and
A Senthil Selvi. 2019. 'Brain tumor segmentation using convolutional neural networks in MRI
images', Journal of medical systems, 43: 1-10.

Tolosa, Eduardo, Gregor Wenning, and Werner Poewe. 2006. 'The diagnosis of Parkinson's disease', The
Lancet Neurology, 5: 75-86.

Tremblay, Cécilia, Jie Mei, and Johannes Frasnelli. 2020. 'Olfactory bulb surroundings can help to
distinguish Parkinson’s disease from non-parkinsonian olfactory dysfunction', Neurolmage:
Clinical, 28: 102457.

Wodzinski, Marek, Andrzej Skalski, Daria Hemmerling, Juan Rafael Orozco-Arroyave, and Elmar Noth.
2019. "Deep learning approach to Parkinson’s disease detection using voice recordings and
convolutional neural network dedicated to image classification." In 2019 4ist annual
international conference of the IEEE engineering in medicine and biology society (EMBC), 717-
20. IEEE.

Xiao, Bin, Naying He, Qian Wang, Zenghui Cheng, Yining Jiao, E Mark Haacke, Fuhua Yan, and Feng
Shi. 2019. 'Quantitative susceptibility mapping based hybrid feature extraction for diagnosis of
Parkinson's disease', Neurolmage: Clinical, 24: 102070.

Yaman, Orhan, Fatih Ertam, and Turker Tuncer. 2020. 'Automated Parkinson’s disease recognition based
on statistical pooling method using acoustic features', Medical Hypotheses, 135: 109483.

Yamashita, Rikiya, Mizuho Nishio, Richard Kinh Gian Do, and Kaori Togashi. 2018. 'Convolutional

neural networks: an overview and application in radiology', Insights into imaging, 9: 611-29.



AURUM MUHENDISLiK SISTEMLERiI VE MIMARLIK DERGIiSi
AURUM JOURNAL OF ENGINEERING SYSTEMS AND ARCHITECTURE

Cilt 7, Say1 2 | Kis 2023
Volume 7, No 2 | Winter 2023

Yasaka, Koichiro, Koji Kamagata, Takashi Ogawa, Taku Hatano, Haruka Takeshige-Amano, Kotaro
Ogaki, Christina Andica, Hiroyuki Akai, Akira Kunimatsu, and Wataru Uchida. 2021.
'Parkinson’s disease: Deep learning with a parameter-weighted structural connectome matrix for
diagnosis and neural circuit disorder investigation', Neuroradiology: 1-12.

Zhang, Hanrui, Kaiwen Deng, Hongyang Li, Roger L Albin, and Yuanfang Guan. 2020. 'Deep learning

identifies digital biomarkers for self-reported Parkinson's disease', Patterns, 1.



