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                                                                                                                                          ABSTRACT  

 

Parkinson’s disease (PD) is one of the major public health disease in the world which is 

progressively increasing day by day and had its effect on many countries. Thus, it is very important 

to predict it in early age which has been challenging task among researchers because the symptoms 

of disease come into existence in either middle or late middle age. So this thesis focuses on the 

speech articulation difficulty symptoms of PD affected people and formulates the model using 

various machine learning techniques such as adaptive boosting, bagging, neural networks, support 

vector machine, decision tree, random forest and linear regression. Performance of these classifiers 

is evaluated using various metrics i.e. accuracy, receiver operating characteristic curve (ROC), 

Sensitivity, precision, specificity.  At last, Boruta feature selection technique is used to find the 

most important features among all the feature to predict the Parkinson’s disease.                                                                                   
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                                                                                                                                           CHAPTER 1 

                                                                                                                             INTRODUCTION 

 

 

Neurodegenerative disorders are the results of the progressive tearing and neurons loss   in different 

areas of the nervous system. Neurons are the functional unit of brain .They are contiguous rather 

than continuous. A good healthy looking neuron as shown in fig 1 has extensions called dendrites 

or axons, a cell body and a nucleus that contains our DNA. DNA is our genome and hundred 

billion neurons contains our entire genome which is packaged into it .When a neuron get sick, it 

loses its extension and hence its ability to communicate which is not good for it and its metabolism 

become low so it starts to accumulate junk and it tries to contain the junk in the little packages in 

little pockets .When things become worse and if the neuron is a cell culture it completely loses its 

extension, becomes round and full of the vacuoles. 

 

 

Fig 1: Structure of neuron present in human brain 

 

This work deals with the prediction of Parkinson’s disorder which is now a days is a tremendously 

increasing incurable disease. Parkinson’s disease is  most spreading disease [19] which  get its 
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name from James Parkinson who earlier described it as a paralysis agitans and later gave his 

surname was known as a PD. It generally affects the neurons which is responsible for overall body 

movements. Main chemicals are dopamine and acetylcholine which affects human brain.  

There are various environmental factor which have been implicated in PD [20].below are the listed 

factor which caused Parkinson’s disease in an individual.  

A. Environmental factors:  Environment is defined as the surrounding or the place in which an 

individual lives .So environment is the major factor that will not only affects the human’s brain 

but also affects all the living organism who lives in the vicinity of it. Many researches and 

evidences has proved that the environment has big hand  in the development of 

neurodegenerative disorders mainly Alzheimer’s and Parkinson’s.  

There are certain environmental factors that are influencing neurodegenerative disorder        

with high pace are:- 

a. Exposure to heavy metals (like lead and aluminum) and pesticides. 

b. Air Quality: Pollution results in respiratory diseases. 

c. Water quality: Biotic and Abiotic contaminants present in water leads to water pollution. 

d. Unhealthy lifestyle: It leads to obesity and sedentary lifestyle. 

e. Psychological stress: It increases level of stress hormone that depletes the functions of 

neurons. 

B. Brain injuries or Biochemical Factors: Brain is a control central of our complete body. Due 

to certain trauma people have brain injuries which leads some biochemical enzymes to come 

into picture which provides neurons a stability and provide support to some chromosomes and 

genes in maintenance. 

 

C. Aging Factor: Aging is one of the  reason for the development of the Parkinson’s disease. Wi. 

According to the author [22], in India, 11,747,102 number of people out of 1, 065, 070, 6072 

are affected from Parkinson’s disease.  

 

D. Genetic factors: Genetic factor is consider as the main molecular physiological cause which 

leads to neurodegenerative disorders. The size, depth and effect of actions of different genes 
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defines the status or level of neurodegenerative disease which increases itself gradually 

overtime. Mainly the genetic factors which leads to Neurodegenerative disorders are 

categorized into pharmacodynamics and pharmacokinetics [21].  

E. Speech Articulation factors: Due to the condition associated with Parkinson’s disease 

(rigidity and bradykinesia), some speech language pathology such voice , articulation and 

swallowing alterations are found . There are various ways in which Parkinson’s disease (PD) 

might affect the individual.  

(i) The voice get breathy and softer. 

(ii) Speech may be smeared. 

(iii) The person finds difficulty in finding the right words due to which speech becomes slower. 

 

1.1 Motivation 

 Ten percent of people aged 65 or more do have a neurodegenerative disease, and there are no 

cures for them. Almost 30% of the people are facing this incurable disease[23]. Current treatment, 

if available at all,only reduces symptoms and that too for limited period of time. The main cause 

for the parkinson’s disease is the accumulation of protein molecules in the neuron which gets 

misfolded and hence causing Parkinson’s disease. So till now researchers got the symptoms and  

the root cause i.e. from where this disease had evolved. But  very few have come to its cure.So in 

this era where parkinson’s disease is progressing with double pace ,it is very important to find the 

solution which can detect it in its early phases. 

1.2 Parkinson’s Disease Symptoms  

The symptoms of the Parkinson disease broadly divided into two categories. 

 Motor symptoms                         

 Non-motor symptoms  

1.2.1 Motor symptoms 

This is a symptoms where any voluntary action involved. It‘s indicates the movement related 

disorder like tremor, rigidity, freezing, Bradykinesia or any voluntary muscle movement.   
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1.2.2 Non-motor symptoms 

Non motor symptoms include disorders of mood and affect with apathy, cognitive dysfunction as 

well as complex behavioral disorders. There are two other categories of PD which are divided by 

doctors:  Primary symptom and Secondary symptom.           

1.2.3 Primary symptoms 

It is the most important symptom. Primary symptoms are rigidity, tremor and slowness of 

movement. 

1.2.4 Secondary symptoms  

It is a  symptom which directly impact  life of an individual. These can be either motor or non-

motor. Its effect depends on person to person.. A very wide range of symptoms is associated with 

Parkinson‘s,. 

Besides these symptoms, there are some other symptoms found that leads to Parkinson’s disease. 

These symptoms are micrographia, decreased olfaction & postural instability, slowing of the 

digestive system, constipation, fatigue, weakness and Hypotension [24]. Speech difficulties i.e. 

dysphonia (impaired speech production) and dysarthria (speech articulation difficulties) [25] are 

found in patients of parkinsons.. 

1.3 Objective 

The main objective is to predict the prediction efficiency that would be beneficial for the patients 

who are suffering from Parkinson and the percentage ratio will be reduced. Generally in the first 

stage Parkinson can be cured by the proper treatment. So it‘s important to identify the PD at the 

early stage for the betterment of the patients. The main purpose of this research work is to find the 

best prediction model i.e. the best machine learning technique which will distinguishes the 

Parkinson’s patient from the healthy person. The techniques investigated are Neural Network, 

SVM, Adaboost, Bagging, Linear Regression, Random Forest, Decision trees. We have found that 

Neural network ,SVM, Linear Regression have been reported in various researches, whereas it has 

been found that only few researchers have explored Adaboost and bagging. The experimental 

study is performed on the biomedical voice measurement from 31 people, 23 with Parkinson’s 
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disease. The prediction is evaluated using error rates.. Further the Feature selection technique has 

been implemented with the aim to get the important features that can detect the Parkinson’s 

disease. 

1.4 Thesis Organization 

This research work proposes an effective methodology for identify the Parkinson‘s disease. 

Different results of the classification algorithms of machine learning are analyzed.  

The rest of the thesis is as organized below: The first chapter provides a basic introduction of 

Neurodegenerative Disorders, Parkinson disorder and different types of symptoms on it. The 

second chapter gives an account of the review on pre-processing techniques, machine learning 

techniques and various technologies using which prediction have been done. The third chapter 

deals with the problem statement. This chapter deals with the main aim of carrying this research 

work and the objectives of the thesis. The fourth chapter deals with the material and the machine 

learning prediction techniques used in the paper. The fifth chapter identifies the tools and 

techniques employed to do the proposed work. It explains the R studio on which we have 

implemented all the models and the workflow .Sixth chapter illustrates the comparative analysis 

of all the techniques used . Seventh chapter contains Conclusion and Future scope . 
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                                                                           CHAPTER 2 

 

                                                                                         LITERATURE REVIEW 

 

 Prediction of Parkinson disorder is one of the most important problem that has to be detected in 

the early phases of the commencement of the disease so as to reduce the disease progression rate 

among the individuals .Various researches have been made to find the basic cause and some have 

reached to the heights by proposing a system which differentiates the healthy people from those 

with any ND’S using various machine learning techniques. Lots of pre-processing, feature 

selection and classification techniques  have been implemented and developed in the past decades. 

Following is the given work done in the prediction of Parkinson’s disorders. We have categories 

the review into three parts i.e.  

(i) Review on Pre-processing techniques. 

(ii) Review on classification methods. 

(iii)Review on different computational methodology. 

2.1 Review on pre-processing techniques used in Parkinson’s disease prediction 

Sahoo et. al (2012) [2] reported a study for the prediction of Parkinson’s disease  using  Data 

mining techniques. The three methods used i.e. Decision stump, Logistic Regression and 

Sequential Minimization Optimization.The results inferred, support vector machine model 

outstands among the other with accuracy of 76%, sensitivity 0.97 while in terms of specificity 

statistical model has done well with 0.62 as compare with two other. 

 Bonato et. al (2004) [3]  have proposed evidences that data mining and artificial intelligent may 

help in recognizing the severity of motor fluctuations in PD patient .They collected the data using 

ACC (accelerometer) and EMG (electromyography) signals which was recorded while execution 

of standardized sets of motor assessment tasks.  

In another study, Saritha .k et al (2017) [4] have implemented javascript program to record the 

voice of the patient and later used Praat to convert that accepts input in .wav file and using  a script 
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yields a voice report .Decision tree gave the best results among the applied algorithm with the 

accuracy of 100% without feature selection and with feature selection it is 94%. 

2.2 Review on classification techniques used in prediction of Neurodegenerative 

disorders. 

Nayan reddy challa et al (2016) [1] have discussed the importance of non-motor systems which 

was neglected by many doctors over motor systems. In the study Rapid eye movement (REM), 

sleep behavior distortion and olfactory loss were considered and using four machine learning 

techniques i.e. Multilayer Perceptron, Bayes Net, RF and Boosted Logistic Regression, prediction 

is performed. Among which Boosted logistic regression with an accuracy of 97.159% and area 

under ROC curve was 98.9%.is considered as a better method. 

 Chandrayan et al. (2016) [5] proposed extreme learning machines to predict PD..Using ELM they 

have done a comparative analysis and inferred that unlike conventional Neural Network elm 

doesn’t require iterative variation of hidden  neurons. So the simple architecture make elm a 

reliable method than others for prediction. 

Jennifer He et al. (2017) [6] observed that the best feature for the prediction of Parkinson’s disease 

is fundamental frequency among all voice recording features. They have tested various machine 

learning methods which includes Boosted decision tree, Decision jungle, Locally Deep SVM, 

Logistic regression ,Neural Networks and SVM on Microsoft azure machine learning studio 

amongst which the best is Two-class Boosted decision trees, which is an ensemble technique. 

Weitschek et al. (2014) [7] uses EEG Electroencephalography to diagnose brain abnormalities. 

They have given an automatic patients classification from the EEG biomedical signals involved in 

Alzheimer’s disease and MCI in order to support medical doctors. The authors performed 

preprocessing using time-frequency transforms and then applied classification using machine 

learning. 

 Rodrigues et al. (2012) [8] uses K-mean which  obtain  (EEG) temporal events in order to improve 

AD diagnosis . They achieved the sequence of EEG energy variation that are found more frequent 

in AD patient than in any healthy person. 
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 Fernandez-Ruiz et al. [9] found that Alzheimer disease had shown a volume reduction at some 

region of the brain. Some areas like precuneus start showing changes when measured through the 

Magnetic Resonance Imaging. So in their study they took precuneus as a biomarker to identify 

defects in brain using machine learning techniques. 

Johnstone et al. [10] took the dataset which  was collected from ADNI (Alzheimer’s disease 

Neuroimaging Initiative) of plasma proteome. They applied combinatorial optimization ie k-

feature selection. So they differentiated the MCI patient and the AD patient depending on whether 

APOE was included or some other factors were there. At last they get an accuracy of 90% by 

generating the signature longitudinal rather that cross sectional data which further improved the 

classification. 

Rathore et al.(2016) [16] used various machine learning techniques mainly regression techniques. 

After comparing the ML techniques ,error rates have been calculated ie AAE and ARE . K fold 

validation is applied to validate the results. At last, Kruskal Wallis test and  Dunn’s multiple 

comparison test is used to do comparative analysis of  techniques used 

In 2016, Kumar Tiwari [17] proposed  minimum redundancy maximum relevance feature selection 

algorithm to select the most important feature which alone can predict Parkinson’s disease. He 

observed that the random forest provided the overall accuracy of 90.3% which is better in 

comparison to all other machine learning based approaches such as bagging, rotation forest, 

random subspace, support vector machines etc.  

 Mamoshina et al  (2016) [18] represented his work using deep learning as he states that it is 

different from traditional feature learning technique. He use deep learning with multiple hidden 

layers so as to provide meaningful and higher level of abstraction. Fig illustrates the approach in 

three steps. 

(i) Started by preprocessing raw data to overcome main issues such as missing values, outliers 

and data quality. 

(ii) Second step is to apply unsupervised deep learning for producing higher level of 

abstraction of input data. 

(iii) Finally supervised learning method is implemented for predicting the target value and 

model evaluation. 
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Using the unsupervised learning before the supervised learning helped the author to get the high 

accuracy in predictive value as all ML techniques depends on feature representation and extraction. 

2.3 Review on different methodologies used in Neurodegenerative disorder’s 

prediction 

Bioinformatics is emerging day by day and lots of researchers are now inclined towards this branch 

of science as Bioinformatics deals with the biological aspects of individual like health ,nutrition, 

environment .One of the most trending disorder is neurological disorders which has shown a 

tremendous increase in recent years. So by analyzing all the disorders, we found that different 

researchers have used different technologies to distinguish the ND patient with the healthy one. 

The technologies used are big data processing, Virtual reality, facial and emotion recognition, 

handwriting recognition and artificial intelligence .The table 1 given below illustrate the work of 

various researchers in the field of bioinformatics.  

Table 1: Different technologies used in the prediction of Parkinson’s disease. 

Sno. Paper Title Description   Methods Ref no 

1. Emulation of Physician 

Tasks in Eye-tracked 

Virtual Reality for  Remote 

Diagnosis of 

Neurodegenerative Disease 

 A virtual reality system 

which tracks how the eye 

movement of the 

individual has reduced the 

work for physicians.  

 They have taken a step to 

make a remote diagnosis a 

reality using Virtual 

reality 

Virtual 

Reality 

[11] 

2. Deep Machine Learning 

Application to the 

Detection of Preclinical 

Neurodegenerative 

Diseases of Aging 

 The author of the paper 

had argued for a 

fundamentally different 

approach: using AI 

models applied to large 

datasets derived from 

single individuals, in order 

to detect preclinical 

decline. 

Artificial 

intelligence 

(used in 

categorizing 

the health 

states.) 

[12] 
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3. Facial expression 

recognition in Alzheimer’s 

disease: a longitudinal 

study 

 The author has taken 

facial expression features 

for differentiating AD 

PATIENTS . 

 They observed a 

significant difference in 

the situational recognition 

task so cognition come up 

with the most suitable 

method to read expression 

in subtle cases also. 

Facial 

/Emotion 

recognition 

[13] 

 

 

 

4. 

 

An exploratory study on 

Big data processing:  a case 

study from a biomedical 

informatics 

 

 Big data processing is 

used in terms of 

biomedical informatics 

  They have considered 

medical imaging and 

bioinformatics. 

  It has been found that the 

data of these two field 

should be processed using 

big data technology 

 

 

 

Big Data 

 

 

[14 ] 

5. Machine learning-based 

classification of simple 

drawing movements 

in Parkinson’s disease 

 Based on the handwriting 

markers the author has 

differentiates the PD 

patient from healthy  one. 

 They asked the patients to 

draw straight line, as 

doing this will involve 

certain muscular 

movements which was 

tracked. 

Movements 

recognition 

[15] 
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                                                                                                         CHAPTER 3 

                                 PROBLEM DEFINITION AND OBJECTIVES                                             

 

3.1 Research Gap and Problem Definition 

Most of the studies reported in the literature survey focused on the usage of machine learning 

techniques like Logistic regression, Decision Tree, Support vector machine ,Random Forest .Very 

few studies performed Adaptive boosting ,Bagging and neural network . The study evaluated and 

compared various machine learning techniques for the early prediction of Parkinson’s disease[17]. 

Our study is proposed with the aim to perform feature selection and to provide the comparative 

study of machine  learning technique algorithms i.e. adaptive boosting, Bagging, Neural Network, 

Support vector machine, Random Forest, Decision Tree. So our study will focus on finding the 

best model to provide an automated method to extract the necessary biomarkers which will help 

in the prediction of Parkinson’s disease. 

3.2 Thesis Objectives  

Various objectives that are needed to be fulfilled to solve the problem in hand are listed as below: 

 To study and review various machine learning that could enhance the process of prediction of 

Parkinson’s disease 

 To find out the error rate using the predicted and actual values using different error techniques. 

 To find various performance evaluation metrics and providing the comparative analysis to find 

the best method among them. 

 To compute the performance of different ML techniques with various features selected by  

Boruta feature selection method 
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                                                                                                            CHAPTER 4 

MACHINE LEARNING METHODS FOR DISEASE PREDICTION   

 

This chapter deals with the description of the dataset used and the approaches taken to achieve the 

early prediction of Parkinson’s disease in a PD patient .The approaches taken were selected with 

the aim to distinguish a Parkinson’s disease patient from those who are healthy patient. The idea 

is to do a comparative analysis of different machine learning technique by implementing different 

models on the selected dataset and finding the best machine learning technique among them by 

evaluating some performance metrics like accuracy, ROC, AAE, and ARE etc. Further the work 

is extended by implementing Boruta feature selection technique.  

4.1 Dataset Description 

The dataset was created by Max little of the University of Oxford, in collaboration with the national 

Centre for voice and speech, Denver, Colorado, who recorded the speech signals. This dataset is 

composed of a range of biomedical voice measurements from 31 people, 23 with Parkinson’s 

disease (PD). The parameters are classified into 6 categories i.e. Amplitude parameters, Pulse 

parameters , Frequency Parameters, Voicing Parameters, Pitch parameters, Harmonicity 

parameters as shown in the table 2.  The datasets has 195 instances .Each column in the table is a 

particular voice measure, and each row corresponds one of the 195 voice recordings from these 

individuals. The ‘Status’ parameter is the most importance among all other parameter as it is the 

only parameter which will differentiate healthy people from those with Parkinson’s disease. 0 

states that the person is healthy while 1 states that the person has Parkinson’s disease. The fig 2 

illustrates the sample of data set used. 
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Table 2: Extracted Features From Speech Recordings 

 

 

 

Fig 2: Sample dataset of biomedical voice measurements of 31 people 
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4.2 Prediction Techniques  

4.2.1 Neural Network 

Neural Network  had its base as that of biological neuron which is used for prediction.. Let’s 

understand the single neuron. In the fig 3 you can see a diagram of single neuron with single input. 

The given equation will explain the single input neuron where O is the output ,σ  is the sigmoid 

function or transformed function ,ξ is the input to the neuron and ω is the weight that connects that 

input to the neuron 

O = σ(ξ ω)      …………………………………………………………………………………. 1 

 

 

Fig 3: A Single input neuron0 

So when multiple inputs are given to a neuron as mentioned in fig 4, it will form a MLP.hich 

consists of inputs connected through the weights in the form of layers. So the neuron takes multiple 

inputs and generates output which is known as Multilayer perceptron. The diagram below 

demonstrates a multilayer perceptron. 
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Fig 4 : Multilayer perceptron 

O =  𝛔(𝛏𝟏 𝛚𝟏 +  𝛏𝟐 𝛚𝟐 + ⋯ … … +  𝛏𝐤𝛚𝐤) +Θ ………………………………………………..2 

where O is the output                      

σ is the sigmoid function or transformed function  

ξ is the input to the neuron 

ω is the weight of input (1 to k) 

Θ is the bias  

4.2.2 Linear Regression 

This model is used to find relationship between two continuous variable. One variable is called 

the dependent or response and the other one is called the independent or predictor using a best 

fit straight line known as regression line. The purpose of linear regression model is that it 

looks for a statistic relationship between the two variable and not the deterministic variable 

.By deterministic relationship we mean that if one variable can be accurately expressed by the 

other one.  
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Fig 5: Straight line plot in Linear regression 

The mathematical representation of Linear Regression: 

 Y=[X][W]+ [B]…………………………………………………………………3 

  Y=b0 +b1X1 +b2X2 ……………………………………………………………..4  

In eq 3 and eq 4, Y is the  the dependent variable and X1,X2 represents the independent 

variables b1, b2 are the coefficients of the independent variables and b0 is the intercept . 

 

 

4.2.3 Random Forest    

Random Forest is one of the machine learning method which is used for both classification as 

well as regression tasks. It is a type of ensemble method with which a group of weak model 

when combines turns into a powerful model. In random forest, multiple tress are created .To 

classify every tree gives a classification, are supposed to vote for that class. The forest selects 

the classification having the highest votes. The selection process by random forest is shown 

in fig 6. 
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Random Forest Prediction Pseudo code: 

1. Takes the test sets features and make decision trees to predict the outcomes and stores 

the predicted outcomes. 

2. Calculate the votes for each predicted outcome. 

3. Consider the high voted predicted outcome as the final prediction. 

 

 

 

 

 

 

 

                                    Fig 6: Prediction process taken by random forest 

4.2.4.  Decision Tree  

Decision tree algorithm is a supervised learning algorithm which is used for the classification as 

well as regression problems. The main objective of using Decision tree is to create a training 

model which can be used for prediction of Parkinson’s by learning decision rules inferred from 

training datasets. It tries to resolve the problem by using tree representation or tree hierarchy.It 

has three nodes: 

1. Root  

2. Internal Nodes 

3. Leaf nodes 

 

 

 

Test sets features 

All Trees Prediction 

Tree 1   

Tree 2          

Tree 3         

Random Forest Prediction  
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                                               Fig 7 : Representation of decision tree  

Root node represents the entire sample which is further splits into nodes known as leaf nodes which 

represents the attribute which is further divided into leaf nodes which represents the class labels.  

4.2.5 Adaboost 

 

Adaboost like random forest classifier is another ensemble classifier. AdaBoost which is known    

as adaptive boosting which is used for classification rather than regression .It is a best algorithm 

for predicting. It is used to boost the performance of decision tree or binary classification problems. 

. For the new input we are providing to adaboost, each weak learner calculates a predicted value 

.the vaue can be either 1.0 or -1.0. Each weak learner weights the predicted values. The prediction 

for the ensemble model is calculated by taking the sum of the weighted predictions.If the Sum  is 

positive it will be assigned  First predicted class,if Sum is negative  it comes under Second 

predicted class. 

    

Mathematics involved in Adaboost : 

                     T 

H(x) = sign( ∑ ah(x) 

                    t=1 

 h(x) is the output of weak classifier t for input x 

 a is the weight assigned to classifier.  

 a = 0.5 * ln ((1-E)/E)   

ROOT 

Internal 

nodes 

Leaf 

Node

s 

 

Leaf 

Node

s 

Leaf 

Node

s 

 

Internal 

nodes 
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4.2.6 Support Vector Machine 

 

Support vector machine  is defined by separating hyperplane. The output of the approach is an 

optimal hyper-plane which categorizes new examples. In 2 dimensional space, this new hyper 

plane in a line dividing a plane in two parts where each class lies in one side.It gives better result 

for complex classification problems. Each data item is plotted as a point in n- dimensional space 

with value of every feature reflecting the coordinates of the plane. The SVM is performed 

classification that differentiating the two classes very efficiently.  

 

 

Fig 8: Hyper plane classifying two classes. 

 

4.2.7 Bagging 

 

Bagging is an ensemble algorithm, bagging methods forms an efficient class of algorithms which 

bring together several instances of black box estimators on random subsets of the original data set 

and then efficiently aggregate their individual predictions to process and formulate the final 

prediction. The bagging methods make immense efforts to reduce the variance of the base 

estimators by efficiently introducing the randomization into its construction and then makes an 

ensemble from it. Let’s take an instance where you have a learner for example The Decision Tree. 

Many times you have made efforts to improve its accuracy and variance by applying Bootstrap 

technique. 
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1. You end up generating multiple number of samples from your data set that has been 

classified as training set using an approach of next scheme: you can take randomly any 

element from your training set and then can pull it back. This results in a scenario where 

some of the elements of training set will be present multiple times in the generated new 

sample and some will be accidentally be  absent. These samples should have the same size 

as the train set. 

 

2. You can train your learner on each generated sample to gain the efficient results and 

improve the model better. 

3. When you apply the algorithm you are just doing an average predictions of learners in 

case of regression or make the voting in case of classification. 
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                                                                            CHAPTER 5 

                                         TOOLS AND METHODOLOGY 

 

5.1 Tools 

Tools that are used for implementation of the problem solution are as follows:  

 R Studio: Version 0.99.473 - © 2009-2015 R Studio, Inc.  

 Microsoft Excel 2013 

 

Table 3: H/w and S/W requirements 

   1. CPU 64 bit 

   2. Random access memory 4 Gigabyte 

   3. Operating system Windows 10 

   4. Programming Language R  

   5.. Platform R Studio 

 

5.2 Methodology  

This section explains the steps taken to achieve the prediction of Parkinson’s disease using various 

machine learning. The various steps taken are Data gathering , Data Preprocessing, Model 

Selection, Training, Evaluation, prediction . 

         5.2.1 Data Gathering  

The first step is Data gathering .This step is very important because the quality and quantity of 

the data you gather will directly affects the level of your prediction model. So we have taken data 

of different voice recordings of the patient. 

 

5.2.1 Data preparation 

In this step the data is visualized well to spot the relationship between the parameters present in 

the data so as to take the advantage of as well as to get the data imbalances. With this ,we need to 

split the data into two parts .The first part for training the model like in our model we have used 

70 percent of data for training and 30 percentage for testing. Which is the second part of the data  

 

5.2.2 Model Selection 

The next step in our workflow is model selection. There are various models that have been used 

till date by researchers and scientist. Some are meant for image processing ,some for sequences 

like text, numbers or patterns. In our case we have 26 features which defines the  voice recording 
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of various patients so we have chosen such models which will classify or differentiates the 

unhealthy patient with the healthy one.  

 

5.2.3 Training  

Training the dataset is one of the main task of machine learning .we will apply the data to 

progressively improve the selected model’s ability to predict better ie the actual result should be 

approx. to predict one. 

 

5.2.4 Evaluation 

The metrics we have calculated are  ROC, Accuracy , Specificity , Precision etc. which will 

highlights the best algorithm among all. 

 

5.2.5 Prediction 

In this phase we finally get the model ready to detect the prediction of Parkinson’s disease based 

on the given dataset. 

 

5.3  Using R Tool on Standalone machine Environment 

The R computer programs are an essential tool for progression in the numeric examination and 

machine learning spaces. R is a perfect way to deal with make reproducible, extraordinary 

examination. R is extensible and offers rich value for architects to manufacture their own specific 

gadgets and procedures for examining data. With machines winding up recognizably more basic 

as data generators, the noticeable quality of the dialects must be depended upon to create.  

In this module, the accuracy of different machine learning algorithms has been explored using R 

Tool on the Standalone machine. Here initial analysis has been done using Microsoft excel. A csv 

file has been provided as an input for R-Studio. Analysis has been done using programming 

language R as illustrated in fig 9. 
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Fig 9: Workflow of training the models of ML in R 

 

In any case, R has both upsides and downsides that designers ought to know. With enthusiasm for 

the programming developing, as appeared on language notoriety files, for example,   TIobe, 

Redmond and PyPL, R initially showed up in the 1990s and has filled in as an execution of the S 

measurable programming languages. 

"R is the most mainstream dialect utilized as a part of the field of statistics."It has all the 

adaptability and power.  R is in reality only accumulations of scripts that are sorted out into 

projects." 

Data purifying/cleaning is a term identified with getting the significant data from the crude 

information and noisy data removal (information not profitable to us). This should be possible 

effectively in Microsoft Excel and is a generally utilized strategy for each information researcher. 
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5.4 Evaluation Criteria Used for Classification 

Performance evaluations measures are the parameters which helps in comparative analysis of 

different machine learning techniques i.e. it tells the best algorithm among all other algorithms or 

method which can be used by medical science in the early prediction of neurodegenerative 

diseases.  

We have used several  measures to evaluate the predictive results. These  measures are average 

absolute error (AAE), average related error (ARE), accuracy (ACC), Precision, Receiver 

Operating Characteristics (ROC) , Area under ROC curve (AUC) ,sensitivity and specificity. Let’s 

understand the performance evaluation measures. 

 

5.4.1 Correlation Matrix 

The confusion matrix is also called as Error matrix. It is a table that is often used to describe the 

performance of a classification method on a set of test data for which actual value are known.  

Each column of the matrix represents the instances in a predicted class. the correlation matrix is 

represented as given 

         

 

 

 

 

 

True Positive: is the count of healthy patients predicted accurately as healthy 

True Negative: is the count of diseased subjects accurately predicted diseased. 

False Positive: is the count of diseased patients predicted as healthy  

False Negative: is the count of healthy patients predicted to be diseased 

 

 

Actual 

Predicted 

 No Yes 

No TN FP 

Yes FN TP 
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5.4.2 Accuracy and Precision 

In classification, accuracy and precision are two important evaluation parameters. Accuracy is 

the proportion of the total number of predictions that were correct. It can be obtained by the sum 

of true positive and true negative instances divided by 100.And Precision is fraction of true 

positive and predicted yes instances. The formula of Accuracy and Precision are given below: 

Accuracy =     
TP+TN

100
 

 

Precision =  
TP

𝑇𝑃+𝐹𝑃
 

 

5.4.3 Recall and F-Square 

Recall is defined as the fraction between True Positive instances and Actual yes instances whereas 

F-Square is the fraction between product of the recall and precision to the summation of recall and 

precision parameter of classification. The formula of recall and precision given below: 

Recall = 
TP

Actual Yes
 

 

F-Square =  
2∗Recall∗Precision

Recall +Precision
 

 

5.4.4 Sensitivity, Specificity and ROC 

Sensitivity is defined as the fraction of true positive and actual yes instances whereas specificity 

is the difference between one and false positive rate value. .ROC is defined as the fraction between 

true positive rate and false positive rate. 

Sensitivity =   
TP

TP+FN
 

 

Specificity  =   
TN

𝐹𝑃+𝑇𝑁
 

 

ROC  =    
TPR

FPR
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CHAPTER 6 

                               IMPLEMENTATION AND RESULTS 

 

In chapter 6,  we have explained the implementation of different machine learning techniques and 

the feature selection method ie Boruta method. We have divided our work in two parts: 

1. In the first part, we have run seven machine learning models and evaluated their error rates i.e. 

AAE and ARE as given in table 4. 

2. After that, based on their different error rates, we have evaluated and compared all the methods 

on the basis of their accuracy, ROC, sensitivity, specificity and precision values 

3. We found that random forest is the most efficient algorithm with the accuracy of 87%, 

Precision 85.0%, ROC 96.4%. 

4. In the second part , we are trying to  selected the most important and minimum number of 

features from the speech articulation data of 31 people where we have 23 features as explained 

in chapter 4 in dataset description . 

5. For that we have used Boruta feature selection whose working is shown in fig 12 by changing 

the number of features selected in multiples of 5 ie firstly we check over 20 features than 15 

features, 10 features and lastly 5 features. 

6. From all the experiments random forest with 20 features selection outstands from all the other 

ML techniques as it is giving the overall accuracy 96.6%, ROC value 93.6 and precision of 

88.7 which is better from  all other machine learning techniques when compared with 5,10 and 

15 feature’s performance metrics. 
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Fig 10: Feature selection by boruta method 
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6.1 AAE and ARE 

1. Average absolute error (AAE): AAE measure is calculated by taking the difference of 

predicted value and the actual value .It can be understand average absolute error by the below 

equation  

                     n 

AAE = (1/n) ∑  │(  Ῡi – Y )│…………………………………………………………….5                   

                     I=1      

 

                    In eq 5, Ῡi is the predicted status value of the patient. 

                     Y is the corresponding actual status value of the patient. . 

                     n is the total number of parameters/columns. 

 

2. Average related error (ARE):  ARE measures how large the absolute error is compared with 

the total size of the object measured. It is defined by the below equation  

                     n 

ARE = (1/n) ∑  │(  Ῡi – Y )│ /( Yi+1 )…………………………………………………6  

                    I=1          

In eq 6, Ῡi = predicted status value of the patient. 

                      Y = actual status value of the patient.  

                       n = total number of parameters/columns. 

In  Average related error, sometimes the value of Yi can be zero, to make the definition 

we defined , we need to add ‘1’ with the value of Yi at the denominator . A small value of 

AAE and ARE measures indicates that we have a good classification model. The 

calculated values are shown in Table 4. 
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Table 4: Error rates  analysis of seven classification methods  

Sno. Classifier AAE ARE 

1. Adaboost 0.040609 

 

0.035533 

 

2. Bagging 0.055838 

 

0.048223 

 

3. Decision tree 0.060914 

 

0.055838 

 

4. Neural Networks 0.274112 

 

0.187817 

 

5. Random Forest 0.040609 

 

0.035533 

 

6. Support vector machine 0.045685 

 

0.045685 

 

7. Linear Regression 0.050761 

 

0.043147 

 

 

From the above analysis, we can conclude that random forest is the better model as we know 

lesser the error rates, more efficient is the algorithm. 

6.2 AAE and ARE analysis 

AAE and ARE analysis as given in table 4 that Random Forest and Adaboost techniques come 

up with the lower error rate values and hence outstands best from all the other techniques used. 

Support vector machine and bagging are better classification techniques. While neural network 

and decision tree have produced relatively lower accuracy as AAE and ARE values are higher as 

compared to the other techniques. 

 In Fig 11 and 12,   X-axis shows the prediction techniques and Y-axis shows the values of error 

produced by the classification techniques. 
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Fig 11: ARE analysis of different ML techniques 

 

Fig 12: AAE analysis of different ML techniques 

6.3 Comparative Analysis of classification techniques. 

We have performed a comparative analysis of seven classification techniques and we have 

calculated the performance metrics such as accuracy, ROC, Precision, Confusion Matrix, 

Sensitivity, Specificity. Based on which we have predicted the best machine learning technique It 

is observed that Random Forest is better in comparison to all  other ML techniques with accuracy 
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 87%, Precision 85 % , ROC  96.4% that can be see through the shaded table 5. After the 

comparative analysis of ML techniques, each performance metrics has been observed and the 

major metrics i.e. accuracy and ROC (receiver operating characteristic curve) has been analyzed 

individually. Fig 14 shows the Accuracy analysis graph. 

Table 5: Comparison between all the ML techniques using performance metrics 

SNO. Classifier Confusion Matrix ROC ACC Precision Sensitivity Specificity 

        

 

1. 

 

ADABOOST 

 

95 86.4 87 0.95 0.64 

 

2. 

 

BAGGING 

 

74 81.3 82 0.92 0.55 

 

3. 

 

NEURAL 

NETWORK 

 

69 75 30.51 0.52 0.7 

4. DECISION 

TREE 

 

68 79.6 80 0.95 0.41 

TP

40

FP

6

TN

11

FN

2

TP

38

FP

8

TN

10

FN

3

TP

28

FP

9

TN

10

FN

12

TP

40

FP

10

TN

7

FN

2
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5. RANDOM 

FOREST 

 

97 87 85 0.97 0.56 

6. SVM 

 

95 84.7 81.2 1 0.55 

7.  LINEAR 

REGRESSION 

 

0.791 86 83.05 

 

0.417 

 

0.936 

 

 

6.3.1 Accuracy analysis  

 

Fig 13: Accuracy analysis of different ML Techniques 
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With respect to accuracy, Random forest shows better results when compared to other techniques 

which can be seen by fig 13. After random forest, Adaptive boosting outstands from support vector 

machine and linear regression. Bagging has shown better results than decision tree and worst 

results were shown by neural networks.  

6.3.2 ROC analysis  

 

Fig 14: ROC analysis of different ML Techniques 

AUC stands for “Area under the ROC curve” i.e. it measures the performance across all possible 

classifications thresholds values or we can say it is the probability that the model identifies the 

random positive example more highly than random negative example. It is used for visualize 

binary classifier performance ie with two output classes. With respect to the fig 14, random forest 

outstands when compared to other methods with ROC curve value of 97%.   

6.4 Boruta feature selection 

So far, in this work we have found the accuracies of different models on all the 23 features 

extracted by Patients. Also, we have selected the minimum features which alone can predict the 

PD. Here, the Boruta feature selection technique has been used to select the 5 number of features, 

10 number of features, 15 number of features and 20 number of features among all the features. 

After that performance of various machine learning techniques are evaluated with different  

features selected by boruta method as illustrated in table 6,7,8 and 9. 
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Table 6: 20 Features selected by Boruta 

 

S.No. 

 

CLASSIFIERS 

 

ACCURACY 

 

ROC 

 

PRECISION 

1 AdaBoost 91.3 92.6 91.33 

2 Bagging 81.36 77.2 88.1 

3. Neural Network 77.3 66.4 75.8 

4. Decision Tree 80.9 75.3 82.2 

5. Random Forest 96.6 93.6 88.7 

6. Support vector 

machine 

83.05 82.7 81.1 

7. Linear 

Regression 

81.36 82 87.2 

 

Table 7:  15 Features selected by Boruta 

S.No.  

CLASSIFIERS 

 

ACCURACY  

 

ROC 

 

PRECISION 

1 AdaBoost 93.9 90.2 91 

2 Bagging 89 85.3 85 

3. Neural Network 81.3 75 80.1 

4. Decision Tree 77.3 75.3 80.1 

5. Random Forest 94.9 94.9 94.2 

6. Support vector 

machine 

83.5 85.3 82 

7.   Linear Regression 84.7 94.7 91.5 
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Table 8: 10 Features selected by Boruta 

 

S.No 

 

CLASSIFIERS 

 

ACCURACY  

 

ROC 

 

PRECISION 

1 AdaBoost 93.2 92 91.6 

2 Bagging 86.44 87.1 92.7 

3. Neural Network 60.4 89 85.3 

4. Decision Tree 58.3 77.8 78 

5. Random Forest 91.53 97 91.1 

6. Support vector 

machine 

86.4 93.3 88.2 

7.   Linear Regression 89.8 93.8 90 

 

Table 9: 5 Features selected by Boruta 

 

S.

No 

 

CLASSIFIERS 

 

ACCURACY  

 

ROC 

 

PRECISION 

1 AdaBoost 91.2 82 89 

2 Bagging 86.44 76.2 89.4 

3. Neural Network 77.9 78 75.5 

4. Decision Tree 60.4 72 63.2 

5. Random Forest 88.14 94.6 86.4 

6. Support vector 

machine 

87 92.8 88.2 

7.   Linear Regression 81.36 90.1 80.9 
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Fig 15: Accuracy versus No. of selected features. 

It is observed that the random forest with 20 numbers of features selected by boruta feature 

selection algorithm provided the overall accuracy 96.6%, ROC value 93.6 and precision of 88.7  

techniques has shows best results when compared with 5,10 and 15 feature’s performance 

metrics as shown in fig 15.The graph shows the accuracy versus feature selection plot, where y 

axis represents the number of features selected by boruta feature selection algorithm and x axis 

represents the hit value of accuracy.                                                           
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                                                                                                                             CHAPTER 7   

 CONCLUSION AND FUTURE SCOPE 

 

7.1 Conclusion 

In this work, various prediction models for Parkinson’s disease detection. For this purpose seven 

machine learning techniques i.e. are used such as adaptive boosting, bagging, neural networks, 

random forest, decision tree, SVM and linear regression. To obtain the desired results, error rates 

are calculated i.e. AAE and ARE as well as four performance metrics are evaluated. These four 

metrics are accuracy, sensitivity, ROC, specificity. 

From the results, Random forest outstands from all the other ML techniques with the accuracy of 

87%, Precision 85.0%, ROC 96.4%. After that , we tried to  selected the most important and 

minimum number of features from the speech articulation data of 31 people where we have 23 

features as explained in chapter 4 in dataset description .For that we have used Boruta feature 

selection whose working is shown in fig 12 by changing the number of features selected in 

multiples of 5 ie firstly we check over 20 features than 15 features, 10 features and lastly 5 features. 

From all the experiments random forest with 20 features selection outstands from all the other ML 

techniques as it is giving the overall accuracy 96.6%, ROC value 93.6 and precision of 88.7 which 

is better in comparison to all other machine learning techniques when compared with 5,10 and 15 

feature’s performance metrics. 

7.2 Future scope  

In this study we have  used machine learning techniques, however very few researches have been 

done on deep learning methods. In future, the work can be extended by using autoencoders to 

reduce the number of feature and to extract the most important from them. Also the dataset used 

in this work is not so complex , so autoencoder did not learn well from that but with complex 

dataset it would definitely give better results. 
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