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ABSTRACT 

 

 
The motive of this work was to explore the automated diagnosis of Parkinson‟s disease 

(PD)using electroencephalography(EEG)Diagnosis of Parkinson‟s disease(PD)in the 

early stages is very critical for effective treatments. In this project, we propose a simple 

and low cost biomarker to diagnose PD, using the electroencephalography(EEG) 

signals. In the proposed method, EEG is used to detect the brain electrical activities in 

internal regions of brain, e.g., basal ganglia(BG).Neural activity in the β frequency range 

(13–30 Hz) is excessively synchronized in Parkinson‟s disease (PD). We show that 

these features of β waveform shape also distinguish PD patients on and off medication 

using non-invasive recordings in a dataset ofa few PD patients with resting scalp EEG. 

Based on the high correlation between PD and brain activities in the brain ganglia, the 

proposed project, it provides a highly accurate PD diagnostic measure. Moreover, a 

quantitative measure of disease severity, using the spectral analysis of extracted brain 

sources is obtained. 
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CHAPTER-1 

INTRODUCTION 
 

OUTLINE OF THEPROJECT 

 
In the brain, the maximum number of the neurons is reached at birth, and, unlike other 

cells in the human body, these neurons cannot be repaired. Thus, over the time, 

neurons die and fail to be replaced. Usually, Parkinson’s disease (PD) arises from the 

death of these nerve cells. The nerve cells generate dopamine, which is a chemical 

substance that mainly controls the body’s motion. Therefore, the quantity of the 

generated dopamine decreases when nerve cells die, which begins to affect the multiple 

communication modes of the brain. This disease appears mostly in people 50 years or 

older. Unstable posture, muscle stiffness, slow movement, tremor, loss of balance, and 

reduced fine motor skills are some initial signs of PD. Hence, intelligent detection 

methods can be valuable for the early diagnosis of abnormal signs. As automated 

diagnosis systems, these methods are able to objectively detect PD by 

electroencephalogram (EEG) signals. Using the EEG signals, functions of cortical (or 

sub-cortical) segments in the brain can be easily detected. Other disease brain-related 

diseases,such as Alzheimer’s and epilepsy, can be identified by these signals. We thus 

aimed to use these EEG signals to configure a computer-aided system capable of 

diagnosing PD. Collection of statistical dataset is taken and manipulations are done on 

them using Classification Learner tool in Matlab and infer whether the person is 

suffering from Parkinson’s Disease with the help of Machine Learning Algorithms 

accuracy which will be explained later in this report. 

 
PARKINSON’s DISEASE 

 
Parkinson's disease is a condition whose main features are 

 

 Slowed movement 

 tremor 

 gait or balance problems 
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More than 1 million people in the United States have Parkinson's disease. Although it 

more commonly develops in people in their 60s or older, it can occur as early as age 20. 

Parkinson's disease is caused by a loss of nerve cells in a specific part of the brain 

called the substantianigra. Cells in the substantianigra communicate with other 

movement control centers in the brain by secreting dopamine and other 

neurotransmitters. When substantianigra cells die, they stop secreting dopamine, and 

the other movement control centers become unregulated. This disturbance in the 

movement control centers of the brain cause the main symptoms of Parkinson's disease 

(slowness, tremor and gait or balance problems). In most patients, what causes the loss 

of substantianigra cells remains unknown. Environmental toxins that may cause 

Parkinson is include Manganese, carbon monoxide, organic solvents, certain pesticides 

However, most people with Parkinson's disease have not been exposed to   these 

toxins. A number of genes have been shown to cause Parkinson's disease in about 

10% of patients, but these gene abnormalities do not occur in most individuals with 

Parkinson's disease. Currently, researchers suspect that the cause of Parkinson's 

disease in most individuals reflects a combination of genetic factors and environmental 

exposure(s). The first symptom and disease course varies considerably in people with 

Parkinson's disease. However, several general statements can be made. The most 

common initial symptom is tremor. Symptoms of tremor or slowness usually begin on 

one side of the body, often involving either an arm or leg. Over time (in some people, 5 

years or more) the other limb on the same side, and then limbs on the opposite side are 

affected. Mobility (arising from a chair or walking) may be limited as the disease 

progresses. For most individuals on treatment, lifespan is not shorted by Parkinson's 
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disease. In addition to the well known symptoms of tremor, slowness, and imbalance, 

other problems such as excess saliva, a soft voice, as well as hand or foot cramps may 

occur. Loss of the sense of smell is common. Depression, anxiety and a number of 

sleep disorders are quite common. Constipation, more frequent urination, incontinence, 

increased sweating, and impotence may develop. About 40% of people with Parkinson's 

disease will develop changes in memory and intellectual function. 

 
 

ELECTROENCEPHALOGRAPHY(EEG) 
 

The electroencephalogram (EEG) is a recording of the electrical activity of the brain 

from the scalp. The first recordings were made by Hans Berger in 1929 although similar 

studies had been carried out in animals as early as 1870.The waveforms recorded are 

thought to reflect the activity of the surface of the brain, the cortex. This activity is 

influenced by the electrical activity from the brain structures underneath the cortex. The 

nerve cells in the brain produce signals that are called action potentials. These action 

potentials move from one cell to another across a gap called the synapse. Special 

chemicals called neurotransmitters help the signals to move across the gap. There are 

two types of neurotransmitters, one will help the action potential to move to the next cell, 

the other will stop it moving to another nerve cell.The brain normally works hard to keep 

an equal amount of each of these neurotransmitters in the brain. EEG activity is quite 

small, measured in microvolts (µV) with the main frequencies of interest up to 

approximately 30 Hertz (Hz). Small metal discs called electrodes are placed on the 

scalp in special positions. These positions are identified by the recordist who measures 

the head using the International 10/20 System. This relies on taking measurements 

between certain fixed points on the head. The electrodes are then placed at points that 

are 10% and 20% of these distances. There are a great variety of electrodes that can 

be used. The majority are small discs of stainless steel, tin, goldor 
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silver covered with a silver chloride coating. These normally have a lead attached. 

Alternative methods consist of a cap in which the electrodes are already imbedded. 

 
 

 
ARTIFICIAL INTELLIGENCE 

 
Artificial Intelligence is the ability to design smart machines or to develop self-learning 

software applications that imitate the traits of the human mind like reasoning, problem- 

solving, planning, optimal decision making, sensory perceptions etc. According to John 

McCarthy, the father of AI, ‘The science and engineering of making intelligent machines, 

especially intelligent computer programs’ is the definition of Artificial Intelligence.AI, as 

the name suggests, is imparting intelligence to the machines so that the machines 

operate like human beings. 

 
 
 

AI is that sector in computer science that emphasizes the creation of intelligent 

machines that work, operate and react like human beings. AI is used in decision making 

by the machines considering the real-time scenario. An Artificially Intelligent machine 

reads the real-time data, understands the business scenario and reacts accordingly. AI 

has now become a very important part of Information Technology. This branch aims to 

create machines that are intelligent. The process of transforming a computer into a 

computer-controlled robot or designing software that thinks and reacts exactly the way a 

human being thinks is what AI is all about. 
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CHAPTER-2 

 
 

LITERATURE REVIEW 

 
 

Survey carried out for the diagnosis of PD with different algorithms and approaches: 

 
Several strategies are recorded for early detection of PD based on the 

different ML techniques. But accuracy in detection and classifying within 

the time is very important or else, it causes development of more 

symptoms. There are different kinds of data, brain MRI images, Voice 

data, posture images, senor captured data, handwritten data, using which 

we can predict whether person is having PD or not. 

 
Max A. Little et al presented a new dysphonia measure, pitch period 

entropy (PPE) and used a kernel support vector machine and has achieved 

classification accuracy of 91%[1]. 

 
Rainer Scho Nweiler et al identified a different approach which used voice analysis 

with ANN and got good results but observed that cost-effectiveness remains 

to be a challenge[2]. 

 

 
Marius Ene et al suggested NN based approach with three types of internal methods 

and discriminated persons having PD with healthy persons[3]. 
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David Gil A, Magnus Johnson B found that with a smaller number of neurons at 

hidden layer both training set and test sets performed poorly. With higher number of 

neurons, the training set performed well with high risk of over fitting. The ideal 

solution for this layer was found to be 13 neurons[4]. 

 
Ipsita Bhattacharya et al identified the ROC curve variation and identified that values of 

TP and FP rates show changes while increase in the CV folds[5]. 

 
Freddie Åström et al proposed unique approach of parallel neural networks and then 

outcome of each neural network is assessed by using a rule-based system for the 

decision. During the training process, data that is not yet learned of each neural 

network is collected and applied in the training set of the later neural network. This 

helped to increase prediction accuracy[6]. 

 
AthanasiosTsanas et al developed  a novel algorithm  based on speech  signals but it‟s 

questionable as most of the features are not considered here, only 10 features are 

used[7]. 

 
Hui-Ling Chen et al proposed FKNN centered system using a 10-fold cross validation 

method[8]. 

 

Mohammad S Islam et al has compared various ML techniques based on their 

performance accuracies in determining whether person is having PD or not and 

mentioned that new classifier may be built to get better accuracies[9]. 
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Bo Penga et al suggested Computer Aided Analysis with image data and used 

BrainLab software for processing the images and calculate thickness of the cortex, 

volume of gray matter, and surface area of the cortex on each region of interest (ROI). 

Use of Multilevel ROI-based features improved the classification performance[10]. 

 

DeriyaAvci and AkifDogantekin proposed another approach using Genetic Algorithm- 

Wavelet Kernel-Extreme Learning and achieved good accuracy results[11]. 

 
SatyabrataAich proposed a unique approach by using Genetic algorithm and PCA 

as feature selection methods and applied seven ML algorithms for classification, 

that saved time and productivity while doing pattern classification with two 

categories such as PD and not PD[12]. 

 
Leandro A. Passos compared ResNet- 50 , Optimum-Path Forest (OPF) classifier 

with Support Vector Machines (SVM) and Bayes and achieved 96% of identification 

rate[13]. 

 
Deepak Gupta followed a different approach cuttlefish algorithm and used for 

feature selection, different fitness functions approximations are used to improve 

cuttlefish algorithm and is termed as Optimized cuttlefish algorithm (OCFA).Decision 

tree and K-Nearest Neighbor classifiers are applied and achieved 94% of accuracy 

in detecting PD effected patients[14]. 

 
Salama A. Mostafa proposed Multiple Feature Evaluation Approach (MFEA) of a multi- 

agent system (ii) Implementation of five classification schemas which are Decision 

Tree, Random Forests, Neural Network, Naïve Bayes and Support Vector Machine on 

the Parkinson‟s diagnosis before and after applying their approach, and (iii)Author 

approach witnessed the following average rate of accuracies : Decision Tree achieved 

accuracy of 10.51%, Naïve Bayes shown 15.22%, Neural Network is found with 9.19%, 

Random Forests and SVM performed with 12.75% and 9.13%respectively[15]. 
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It is important to note that , out of all ML techniques, ANN and SVM classifier are used 

most of the proposed algorithms to aid faster and accurate the prediction. 

 
 
 

DIAGNOSIS OF PARKINSON’S DISEASE USING EEG 

 
Using EEG Signal the most common disabling disturbances of PD with respect to the 

physical activity are the Freezing of Gait (FOG), Turning Freeze (TF), and Gait 

Initiation Failure (GIF). The PD affected patient’s experiences difficulty in walking as 

they feel that their feet have been glued to the floor. During this stage the EEG signals 

can be recorded from the patients given them a TUG tasks. The cognitive process 

(brain mechanism) can be analyzed for the timing and scaling of movement using EEG 

signal analysis and could be a useful tool in the detection of above- mentioned 

disturbances. The below section discusses the related work carried in the analysis of 

PD using EEG signals. AM ArdiHandojoseno, et.al discusses the method of detection 

of Freezing of Gait in PD patients using EEG signal based on wavelet decomposition. 

In this paper the dynamics of FOG was analyzed by extracting the EEG Entropy and 

Sub-band wavelet energy. 26 Patients around 60-70 years with PD and significant 

FOG were considered. The author highlights that by using BPNN (Back Propagation 

Neural Network) classifier the onset of Freezing of PD can be identified with 75% 

accuracy, specificity and sensitivity using sub bands of EEG. 

Also, the statistical analysis indicates that there will be a difference in the Energy sub 

bands of delta, theta and alpha with Normal and PD affected group. Finally gives a 

future scope for the usage of different classifiers for still better results . Jonathan 

Weihenmayer[16] proposes the method of diagnosing of PD patients with a Healthy 

control by extracting the Raw and Clean EEG data of patients during the quasi resting 

state for 

1 sec of Nine PD patients and ten healthy individuals. Nonlinear delay differential 

equations (DDE) are applied to classify the PD patients from and Healthy individual. 
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The classification is done upon the plotting of area under the receiver operating 

characteristic curve (AROC). It is shown that the raw EEG data (AROC = 0.59-0.86) can 

classify the PD patients with a Healthy individual more robustly than clean EEG data 

(0.57-0.72).The author states that increased classification of raw EEG time series 

originates from muscle artifacts and concludes by stating that a non-linear extraction 

and classification of raw EEG data can be used as biomarker for PD. This paper can be 

extended for a further scope for research by considering the patients in true resting 

states and for a larger data sets and sample size. 

 
Quynh Tran Ly et al.[17] discuss the brain mechanism during the Gait Initiation Failure 

(GIF), which is a subtype of Freezing of Gait (FOG). EEG signals of 61 samples were 

recorded from Four PD affected patients (3 Male and 1 Female) to study the brain 

dynamic changes during the occurrence of GIF. EEG samples were analyzed through 

the Centroid Frequency (CF) and Power Spectral Density (PSD). The results showed 

that GIF were associated with significant increase in high beta band (21-38 Hz) in the 

frontal, central, parietal, occipital regions of brain. Using BPNN classifier the analysis 

of PSD and CF in EEG provided 84.27 % of performance and 84.80% of sensitivity 

and accuracy respectively. Concludes by stating that High beta activity was found in 

EEG with PD affected patients during the analysis of GIF and suggested to use a 

larger sample size and other multiple electrodes. The identification of combination of 

sensors and optimal location are also discussed. EEG measures/parameters, in the 

form of Power Spectral entropy, Power Spectral density and Centroid Frequency for 

343seconds  from  7  patients(6Mand1F)with,  Effective  walking‟ and  PD  affected  with 

FOG during a series of TUG were extracted to analyze the important features that 

were significantly changed during FOG. Feed- Forward Neural networks were 

applied to classify the EEG signals amongst the 

Effective  walking  ‟and  Freezing.  The  sensitivity  and  accuracy  from  the  classification 

using single channel, two channels, three, Four, Six, Seven and Thirty-two channels 

were discussed. The performance of C4O2 in a two channel and four locations at 

F3C4P4O2 provided the best indicator of FOG detection with 72.54% and 72.29% of 
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sensitivity and 69.71% and 70.29% of accuracy respectively. The outcome of the paper is 

that the best montage is using EEG system with two channels C4-O2. The author 

concludes by stating that the increase in the number of channels will not increase the 

accuracy and suggests that the further scope of research can be done by considering larger 

sample of data and to use of any specific Neural Network which can lead to a better result. 

A method for the suppression of Artifacts that occur in EEG signals due to Neuro 

stimulation. 

 
The Neurostimulation is assessed by Advanced Statistical Signal Processing and 

Machine Learning Methodologies. The unsupervised clustering method is applied to 

neural recordings in order to suppress Neurostimulation. The author also discusses 

about the Deep Brain Simulation (D B S) method for the treatment of PD, where 

electrical simulator is placed into the body and it delivers the electrical current to 

thalamus in order to reduce the severity of PD. This Simulator can send the EEG 

signals which indicates the treatment and possible DBS side effects. Time Frequency 

features in EEG are extracted in patients undergoing DBS treatment of PD using 

matching pursuit decomposition (MPD). This paper concludes by stating that the 

behavioral task clustering for PD patients with DBS using Time frequency features 

gives the differences in the band activity (delta, beta and gamma) of EEG. The authors 

Quynh Tran Lya et al. [13] briefs about technique of S-transform decomposition of 

EEG Signals in detection of Turning freeze in PD patients. Turning Freeze (TF) is the 

most common subtype of FOG and is causing the majority rate of falls in PD patients. 

 
The brain signals were captured to using EEG signal to measure the feet getting stuck 

while making a turn (TF). Data was collected from six PD affected patients during TUG 

tasks. The main discussion in this paper is the extraction of EEG features using time 

frequency technique S-Transform decomposition (Stock well transform). Independent 

Component analysis by entropy bound minimization technique was used to separate 

EEG sources. Bayesian neural networks (BNN) classification algorithm was 

implemented to improve the classification results in detecting TF in PD patients. The 
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main findings in this paper are the inclination in the high beta activity in the region of 

cortex near occipital O2 and frontal F4 locations. The author concludes the paper by 

projecting 84.24% sensitivity, 88.0% of specificity and 86.2% accuracy in detecting the 

TF. The scope for the future work is to increase the accuracy. AM ArdiHandojoseno et 

al. proposes a methodology for the prediction of FOG in PD using EEG spatial 

correlation, wavelet coefficient and cross frequency energy techniques. Integration of 

spatial, spectral and temporal features of EEG signal with the use of Neural Network 

and K-NN classifiers is discussed. 
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CHAPTER-3 

AIM AND SCOPE 

 

AIM OF THE PROJECT 

 
We propose detection of Parkinson's Disease using the EEG. To study the 

characteristics of the waveform obtained by EEG. Machine learning is used to verify 

the performance of the labeled input readings. Early diagnosis of Parkinson's Disease 

is necessary as by getting late it becomes more and more hazardous which may 

ultimately lead to death. 

 

 
SCOPE OF THE PROJECT 

 
As diagnosis is currently rather subjective, researchers have been trying to find an 

easier and more scientific method. An EEG records electrical activity produced by the 

brain via small sensors attached to the scalp. 

 
Attempts to use EEG readings for Parkinson’s disease diagnosis have not always 

produced the results that researchers have been looking for. Different architectures of 

Artificial Neural Network (ANN) such as Convolutional Neural Network (CNN), Long- 

short term Memory, and Extreme Learning Machine are well-known deep learning 

algorithms for future growth (ELM). Finding that a noninvasive method such as an EEG 

could be a promising diagnostic tool may have important consequences for the future of 

the disease. One can use the test to track changes related to Parkinson‟s in the brain 

over the years. 

 
The Classification Algorithms from Machine Learning and Deep Learning are used to 

predict and investigate the Parkinson's Disease. The ideal features from the dataset are 

passed as input to the models and the prediction results are obtained. 
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CHAPTER- 4 

METHODS AND MATERIALS USED 

Parkinson’s disease (PD) is one of the most common neuro 

degeneration disorders and it is believed that it affects 0.3% of the global 

population. PD normally occurs in people aged from 50 to 60 and is not 

common before 50’s. When it appears before age 21, genetic factors are 

presumed to be the cause. The origin of PD remains unknown until 

today, although it is believed that the interaction between environmental 

and genetic factors may explain its appearance. The lack of a cure for 

PD makes it important to research a method for early stages detection in 

order to delay the disease progression and its symptoms, thereby 

improving the patient's quality of life. Patients diagnosed with PD are 

known by the rest tremor but also present other symptoms, such as: 

muscular rigidity, bradykinesia or postural instability. Moreover, they 

present an accumulation of α-synuclein, which leads to the formation of 

Lewy bodies and a progressive loss of dopaminergic neurons in the 

substantianigra . In order to describe how the symptoms of PD progress, 

the Movement Disorder Society Unified Parkinson's Disease Rating 

Scale (MDS-UPDRS) and the Hoehn and Yahr scale are commonly 

used. 

 
SIGNAL PROCESSING 

 

Signal Processing Toolbox includes functions and applications for analyzing, pre- 

processing, and extracting features from signals that are sampled uniformly or non- 

uniformly. Filter configuration and analysis, resampling, smoothing, 
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detrending, and power spectrum estimation are all included in the toolbox. Extracting 

features such as change points and envelopes, detecting peaks and signal patterns, 

quantifying signal similarities, and performing measurements such as SNR and 

distortion are all possible with the toolbox. Vibration signals may also be subjected to 

modal and order review. 

 
 
 

Without writing code, Signal Analyzer allows you to pre-process and analyze several 

signals simultaneously in the time, frequency, and time-frequency domains; explore 

long signals, and extract regions of interest. Filter Designer allows you to build and 

analyze digital filters by selecting from a number of different algorithms and 

responses. 

 
 
 
 
 
 

PREPROCESSING 

 
PRINCIPALCOMPONENTCOEFFICIENT 

 
The principal component coefficients, also known as loadings, for the n-by-p data matrix 

X are returned by PCA (x). Observations are represented by rows of X, while variables 

are represented by columns. It's a p-by-p coefficient matrix. The coefficients for each 

principal component are mentioned in descending order of component variance in each 

column of coefficients. By default, PCA uses the Singular Value Decomposition (SVD) 

algorithm to center the data. 
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A quantitatively rigorous method for achieving this simplification is principal component 

analysis. The principal components method creates a new set of variables. The original 

variables are linearly combined components are orthogonal to one another. The 

principal components as a whole provide an orthogonal foundation for the data space. in 

each principal factor. There is no redundant knowledge since all of the principal 

 
An orthogonal basis for multiple columns of data can be constructed in an infinite 

number of ways. 

A single axis in space is the first major part. The values that result from projecting each 

observation on that axis form a new variable. And this variable's variance is the highest 

of all the options on the first axis. 

The second main part is a perpendicular axis in space to the first. When you project the 

observations onto this axis, you get a new variable. This attribute has the highest 

variance out of all the options on the second axis. 

 

The total number of principal components is the same as the number of variables in the 

original package. The number of the variances of the first few principal components, on 

the other hand, is often greater than 80% of the total variance of the original results. 

Researchers also gain a better understanding of the driving forces that produced the 

original data by analyzing plots of these few new variables. The PCA function aids in the 

discovery of the primary components. The real calculated data had to be analyzed in 

order to use PCA. 
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XLSREAD 

 
A = xlsread('filename') returns numeric data from the first sheet in the file name 

Microsoft Excel spreadsheet format in array A. Leading rows or columns of text are 

ignored by xlsread. If a cell is a leading row or column is empty or contains text, 

however, xlsread replaces it with a NaN. 

MACHINE LEARNING 

 
Machine learning teaches machines to learn from experience in the same way as 

humans do. Machine learning algorithms employ analytical methods to ‘learn’ 

knowledge directly from data rather than relying on a model based on a predetermined 

equation. As the number of samples available for learning grows, the algorithms adapt 

their output. Machine Learning uses two ways of technique 

 

 Supervised learning is a method of training a model using known input and 

output data in order to predict potential outcomes. 

 Unsupervised learning is the discovery of hidden patterns or intrinsic 

structures in data without the use of supervision. 

 
 

In the face of uncertainty, the aim of supervised machine learning is to 

create a model that can make predictions based on data. A supervised 

learning algorithm uses a known collection of input data and known 

responses to the data (output) to train a model to make accurate 

predictions about how new data will react. To build predictive models, 

supervised learning employs classification and regression methods. 
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MACHINE LEARNING ALGORITHM 

 
 

 

Tree     Discriminant     NavieBayer SVM KNN Ensemble 

 
 

CLASSIFICATION LEARNER 

 
Importing data, defining validation schemes, interactively exploring the data, selecting 

features, training models, and evaluating model efficiency are all possible with 

Classification Learner. 

The Classification Learner app teaches data classification to models. It uses automatic 

training to find the best classification model sort, which can include decision trees, 

discriminant analysis, support vector machines, logistic regression, nearest neighbors, 

naive Bayes, and ensemble classification. Techniques for classifying data predict 

categorical responses, such as whether an email is real or spam, or whether a tumor is 

cancerous or benign. Input data is classified using classification models. Medical 

imaging, image and speech recognition, and credit scoring are examples of popular 

applications. 

 
 
 
 
 
 
 

17 



Train Classification Models with the Classification Learner App 

 
The Classification Learner app allows you to use supervised machine learning to train 

models to classify data. Using different classifiers, the software allows you to 

interactively explore supervised machine learning. 

 Automatically train a number of models and assist you in selecting 

the right one. Decision trees, discriminant analysis, support vector 

machines, naive Bayes, and ensemble classification are some of 

the different types of models. 

 Investigate your data, define validation schemes, choose features, 

and visualize the results. Cross-validation is used by default to 

defending against over fitting. The validation results will assist you 

in selecting the best model for your data which are reflected in the 

plots and performance indicators. 

 To make predictions with new data, export models to the 

workspace. The app often trains a full model as well as a model 

with the required validation scheme, and the full model is the 

model you export. 

 Build scripts, train with new data, work with large data sets, or 

change the code for further analysis using MATLAB code 

generated from the app. 

Decision Tree: Decision trees, also known as classification trees and regression trees, 

are used to forecast data responses. Follow the decisions in the tree from the root 

(beginning) node down to a leaf node to predict an answer. The answer is stored in the 

leaf node. Nominal answers, such as 'true' or 'false,' are given by classification trees. 

Discriminant Analysis 

 
DFA (Discriminant Feature Analysis) is a mathematical method for classifying unknown 

persons and determining their likelihood of being classified into a specific category 

(such as sex or ancestry group). The presumption in discriminant analysis is that the 

sample is usually distributed for the trait. 
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Where the parameter or dependent variable is categorical and the indicator or 

independent variable is the interval in nature, discriminant analysis is a method used by 

the researcher to interpret the test results. 

Support Vector Machine: Support-Vector Machines (also known as support-vector 

networks) are supervised learning models with associated learning algorithms that 

analyze data for classification in machine learning. An SVM model is a representation of 

the examples as points in space, mapped such that the examples of the different 

categories are separated by a large distance. New examples are then mapped into the 

same space and assigned to one of the categories depending on which side of the 

distance they fall on. 

Naive Bayer: The Naive Bayes classifier is a basic, but powerful, machine learning 

classifier. In a Bayesian context, it is a probabilistic classifier that makes classifications 

using the Maximum A Posteriori decision law. A very simple Bayesian network can also 

be used to describe it. A similar approach is used by Naive Bayes to estimate the 

likelihood of various classes based on various attributes. This algorithm is usually used 

for text classification and problems with multiple groups. 

Ensemble Classification: Since ensemble can be trained and then used to make 

predictions, an ensemble is a supervised learning algorithm. It has been shown that 

qualified ensembles have greater versatility in the roles they can serve. In theory, this 

versatility allows them to over-fit the training data rather than a single model, although 

some ensemble techniques have been shown to minimize problems associated with 

over-fitting the training data. 

Where there is a lot of variety among the models, ensembles seem to produce better 

results. Many ensemble methods contribute to model diversity by combining several 

models. More random algorithms (such as random decision trees) may generate a 

stronger ensemble than very deliberate algorithms (such as entropy-reducing decision 

trees), which may seem counterintuitive. 
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KNN Classification: Categorization KNN is a nearest-neighbor classification model in 

which the distance metric and the number of nearest neighbors can both be modified. 

You can use a Classification KNN classifier to compute substitution predictions because 

it stores training data. Alternatively, you can use the predicted approach to identify new 

findings using the model. The KNN binary (as a two-class system) provides a more 

reliable data classification, making it advantageous to use k as an odd number to avoid 

irregular data. In machine learning, the KNN procedure is used. It's an object that's 

been categorized using a mainstream set of its neighbors, with the determination to 

assign occurrence for the most common class of its k closest neighbors (k is a positive 

integer, classically small). 

The distance metric used in the past was Euclidean distance; however, this is only 

suitable for infinite variables. KNN is a modern method for delivering all available cases 

based on a quantity of assessment (e.g., distance functions). The KNN protocol is 

similarly straightforward. It regulates the K-nearest neighbors by requiring a minimum 

distance between the interrogation instance and the training samples. 

 
CONFUSION MATRIX 

The rows correspond to the expected class (Output Class) and the columns to the true 

class on the confusion matrix map (Target Class). The diagonal cells refer to correctly 

identified observations. The off-diagonal cells refer to findings that were wrongly 

labeled. Each cell displays the number of observations as well as the percentage of the 

total number of observations. 

The percentages of all the examples predicted to belong to each class that is correctly 

and incorrectly categorized are shown in the column on the far right of the map. The 

precision (or positive predictive value) and false discovery rate are two commonly used 

metrics. The percentages of all the examples belonging to each class that is correctly 

and incorrectly labeled are shown in the row at the bottom of the plot. The recall (or true 

positive rate) and false negative rate are two commonly used metrics. 
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Confusion Matrix for Binary Classification Metric 

Confusion Matrix is a square matrix where Cij represents the number of data instances 

that are known to be in group i ( true label ) and predicted to be in group j ( predicted 

label ).The predicted label for a machine learning algorithm is the predicted label, while 

the true label for a machine learning algorithm is the true label. 

 
 

 

 

Fig: 4.1. Binary Classification Metric 

When a statement is actually positive and classified as positive, the statement is known 

as TRUE POSITIVE (TP). When a statement is actually negative and classified as 

negative, the statement is known as TRUE NEGATIVE (TN). When a statement is 

actually negative and classified as positive, the statement is known as FALSE 

POSITIVE (FP). When a statement is actually positive and classified as negative, the 

statement is known as FALSE NEGATIVE (FN). The Confusion Matrix, which is 

required to calculate the machine learning algorithm's accuracy in classifying data into 

its labels. 

Accuracy 

The number of correctly identified data instances divided by the total number of data 

instances is known as accuracy. If the set of data’s is not balanced, accuracy may 
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not be in good measures. 

Accuracy = TN + TP / (TN+FP+TP+FN). 

Precision 

A successful classifier should have a precision of 1 (high). Only when the numerator 

and denominator are equal, i.e. TP = TP +FP, does precision become 1. This also 

implies that FP is zero. The value of the denominator becomes greater than the 

numerator as FP increases, and the precision value decreases (which we don'twant). 

Precision = TP / (TP+FP). 

Recall 

A successful classifier should have a recall of 1 (high). Only when the numerator and 

denominator are equal, i.e. TP = TP +FN, does recall become 1. This also implies that 

FN is zero. The value of the denominator becomes greater than the numerator as FN 

increases, and the recall value decreases (which we don't want). 

Recall = TP / (TP+FN). 

F1 Score 

Only when precision and recall are both 1 does the F1 Score become 1. Only when 

both precision and recall are high does the F1 score rise. The F1 score is a better 

metric than accuracy since it is the harmonic mean of precision andrecall. 

 
F1 Score = 2 * (Precision * Recall) / (Precision + Recall). 
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CHAPTER-5 

RESULT AND DISCUSSION 

RESULT 

 
A dataset of different categories of people( young, old and people suffering from 

Parkinson’s Disease) are collected. We used supervised machine learning to verify our 

reading efficiency percentage. In machine learning, the filtered signals are then passed 

on to a classification learner. The parameters are evaluated and the efficiency is verified 

in the Confusion matrix which produces a precise result. 

 
CLASSIFICATION LEARNEROUTPUT 

The Classification Learner is a program that teaches models how to classify data It uses 

automatic training to find the best classification model sort, which can include decision 

trees, discriminant analysis, support vector machines, logistic regression, nearest 

neighbors, naive Bayes, and ensemble classification. 

Table 5.1. Classification Learner Output 
 

Fine Tree 77.2% 

Medium Tree 78.3% 

Linear Discriminant 75.5% 

Quadratic Discriminant 72.5% 

Linear SVM 72.8% 

Cubic SVM 71.6% 

Fine Guassian SVM 74.5% 

Medium Guassian SVM 73.0% 

 
 

 
The Classification Learner is a program that teaches models how to classify data. It aids 

in the exploration of supervised machine learning using various classifiers and data, as 
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well as the selection of features, specification of validation schemes, training of models, 

and evaluation of performance. 

Scatter Plot of Original Datasets 

 

Fig 5.1 Scatter Plot of Original Datasets 

 
In scatter plot the original set of data is obtained. The colors blue, red, yellow, and blue 
indicates categories like young, old, and people suffering from Parkinson’s Disease. 
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Scatter Plot of Predicted Datasets 

 

Fig 5.2 Scatter Plot of Predictions 

 
In scatter plot the predicted set of data is obtained. All machine learning algorithms are 
performed and trained and the results are as shown in the figure. The colors blue, red, 
yellow, and blue indicates categories like young, old, and people suffering from Parkinson’s 
Disease. 
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CONFUSION MATRIX: 
 

The feature extraction process is seen in the final production. This process takes 
place in a matrix of uncertainty. K nearest classification is used in this method. KNN 
is a lazy learning algorithm that is non-parametric. Its aim is to predict the 
classification of a signal using a database with data points divided into several 
groups. 

 

 
Fig 5.3 Confusion Matrix of Original Dataset 
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In Confusion Matrix for original set of data’s under Number of Observation category 
the set of data is obtained. The diagonal elements in the Confusion Matrix must be 
high always as it suggests the true value and predicted value are same which in turn 
says that the accuracy is higher. 

 
 

Confusion Matrix for True Positive and False Negative Rates 

 

Fig: 5.4. True Positive Rate and False Negative Rate. 

 
In Confusion Matrix for original set of data’s under Positive Rate and False Negative Rate 

category the set of data is obtained. True Positive rates for emotion young is 83.3 
%, old is 77.4 %, PD is 71 % and False Negative rates for emotion young is 16.7%, old is 
22.6%, PD is 29.0 %. 
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Confusion Matrix for Positive Predictive and False Discovery 
 

 

Fig: 5.5. Positive Predictive and False Discovery 
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In Confusion Matrix for original set of data’s under Positive Predictive rate and False 

Discovery Rate category the set of data is obtained. 

Table 5.2. Binary Classification Metric for Young 
 

 

 
TRUE NEGATIVE 

0.74 

 
FALSE POSITIVE 

0.265 

 
FALSE NEGATIVE 

0.17 

 
TRUE POSITIVE 

0.84 

 

ACCURACY: =TN+TP / (TN+FP+TP+FN) 

=0.74+0.83 / (0.74+0.83+0.17+0.26) 

=0.785 

=78.5% 

 
 

PRECISION: =TP / (TP+FP) 

=0.83 / 0.83+0.26 

= 0.761 

 
 

RECALL: =TP / (TP+FN) 

= 0.83/ 1 

= 0.83 

 
 

F1 SCORE: =2* ((Precision*recall) / (Precision Recall)) 

=2* (1.26/ 1.59) 

=0.793 
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Table 5.3. Binary Classification Metric for Old 
 

 

 
TRUE NEGATIVE 

0.66 

 
FALSE POSITIVE 

0.34 

 
FALSE NEGATIVE 

0.23 

 
TRUE POSITIVE 

0.77 

 
 

 

ACCURACY: = TN+TP / (TN+FP+TP+FN) 

= 0.66+0.77 / (0.66+0.34+0.23+0.77) 

=0.715 

=71.5% 

 
 

PRECISION: =TP / (TP+FP) 

=0.77 / 1.1 

=0.7 

 
 

RECALL: =TP / (TP+FN) 

=0.77/ 1 

=0.77 

 
 

F1 SCORE: =2 * ((Precision*recall) / (Precision Recall)) 

=2 * (0.54 / 1.47) 

=0.73 
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Table 5.4. Binary Classification Metric for PD 
 

 

 
TRUE NEGATIVE 

1 

 
FALSE POSITIVE 

0 

 
FALSE NEGATIVE 

0.29 

 
TRUE POSITIVE 

0.71 

 
 

 

ACCURACY: = TN+TP / (TN+FP+TP+FN) 

= 1+0.71 / 2 

=0.85 

=85% 

 
 

PRECISION: = TP / (TP+FP) 

=0.71 / 0.71 

=1 

 
 

RECALL: = TP / (TP+FN) 

= 0.71 / 1 

=0.71 

 
 

F1 SCORE: = 2 * ((Precision*recall) / (Precision + Recall)) 

=2 * (0.71 / 1.71) 

=0.83 
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DISCUSSION 

 

Machine Learning techniques has got prominent role as they are applied in variety of 

domains especially in the healthcare. Unlike traditional methods, the models generated 

by applying ML techniques show dynamic outputs as data is fed into it. One shall make 

note that significant and narrow research is needed to obtain knowledge in diagnosing 

the disease. Various machine learning algorithms and techniques are being proposed 

rapidly, out of which some are observed to be promising with the results and few 

demonstrated their usage in different fields. Advantage with the ML generated models is 

that when more data is used, the precision values gets increased and the much 

accuracy in predictions can be gained. In the past several years, several non-invasive 

techniques have been proposed to identify PD using voice and gait   signals. 

Different automated techniques were explored to develop the best automated model to 

differentiate normal and PD subjects. 

 
It can be noted that various machine learning techniques were adopted to discriminate 

the EEG signals in normal and PD subjects. The obtained spectral analysis dataset is 

trained with Machine Learning Algorithms and the data is manipulated. From the results 

obtained, the scatter plot of original dataset and the scatter plot of predictions along with 

the confusion matrix is shown and from the results, the parameters like accuracy, 

precision, recall and f1 score have been calculated. 
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CHAPTER-6 

 
CONCLUSION 

 

6.1 CONCLUSION 

 
This project is an effort to present broad review about Parkinson disease diagnosis system 

that have applied various machine learning techniques. The summary of results 

obtained by different researchers is made available in literature survey table , almost all  

the authors/researchers made great efforts to predict the Parkinson disease with novel 

approaches. It can be identified that maximum of all ML techniques used by various 

authors worked better. We trained the original datasets using Machine Learning 

algorithms that has a fair recognition rate across all three categories using multiple 

classification techniques and signal processing of sample readings using denoising 

filters, supervised machine learning, classification learner, and confusion matrix. The 

results have produced a good accuracy for PD patients of around 85%. Hence the 

proposed method can be efficient enough to diagnose PD. The proposed approach was 

tested using machine learning and deep learning functions. Preprocessing is a 

technique for reducing noise in sample reading input by using statistics coefficient 

parameters. Computer learning has been sent the filtered info. 
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