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Abstract

As we knewnowadaysthe world was surrounded by differéppes ¢ diseasesandtheycaused
humans tdive in fearof disease and even brought deatipecially of Coronavirus Disease (Covid
19). Therefore,it is importantto develop a disease prediction to give early detectiatisefases
that mightbe infectedby humans. The healthcare department has tha@egmuchresearchn the
fields of intelligent consultation, disease diagnosis, intelligent questisweringdoctorslike Al
chatbot and so on. This had made many achievemienisiprove medical technology, this study
intends to use healthcare data analysis combined with machine learning lgewlegrovide
patientswith a simple disease prediction which is usually neglectedaftking professional
knowledgeof the disease. Thisielpspatients to gea suitable way of treatment in a short time
beforetheir health conditiorgetsworse and worsé\ differentsuitable machine learning algorithm
will be used in the prediction systempredictthe disease based tre symptons of patients. To
reduce time, the Chabot feature was used too so that pateneibleto save time withoumeeing

for a doctor to get treatment. The result at the end will show that our approach improved the
accuracy of disease prediction based on sympwith different evaluation metrics.



Abstrak

Seperti yang kita ketahui sekarang, dudi&elilingi oleh pelbagai jenis penyakit, dan ia
menyebabkan manusia hidup dalam ketakutan terhadap penyakit malah membawa kematian
terutamanya Penyakit Koronavirus (Covifl). Oleh itu, hal ini adalah penting untuk
membangunkan ramalan penyakit untuk menkan pengesanan awal penyakit yang mungkin
dijangkiti oleh manusialabatan penjagaan kesihatan telah banyak melakukan penyelidikan dalam
bidang perundingan pintar, diagnosis penyakit, doktor menjawab soalan pintar seperti Al chatbot
dan sebagainy#ni telah membuat banyak pencapaian. Untuk meningkatkan teknologi perubatan,
kajian ini berhasrat untuk menggunakan analisis data penjagaan kesihatan digabungkan dengan
pengetahuan pembelajaran mesin untuk memberikan pesakit ramalan penyakit yang mudah yang
biasanya diabaikan kerana kekurangan pengetahuan profesional tentang pemyakinbantu

pesakit mendapatkan cara rawatan yang sesuai dalam masa yang singkat sebelum keadaan
kesihatan semakin teruk. Algoritma pembelajaran mesin yang berbezaligkaakan dalam

sistem ramalan untuk meramal penyakit berdasarkan simptom pelsakk.mengurangkan masa,

ciri Chabot juga digunakan dan supaya pesakit dapat menjimatkan masa tanpa berjumpa doktor
untuk mendapatkan rawatan. Keputusan pada akhirnya akannjnkkan bahawa pendekatan

kami meningkatkan ketepatan ramalan penyakit berdasarkan gejala dengan metrik penilaian yang

berbeza.



1.0Chapter 1 Introduction
1.1 Introduction/Background

In the new generation, the world was surrounded by diffetisetaiseshat mightcausedifficult
issues for humangan their daily life and this pandemic also causeghyproblems occurred in the
fact of economyOne of the pandemics, CoronavilseasgCovid-19) had spread throughout
the world sinceéheyear 2019 and it caused many death cases alithghe statistics that hdzken
analyedby a specific departmeniThe best way to prevent and slow down transmission is to be
well-informed abouthe disease and how the virus sprea@sirn to potect yourself and others
from infection by staying at least 1 meter apart from others, wearing a properly fitted mask, and
washing your hands or using an alcehaked rub frequentlyWe should gt vaccirated when it
wasour turnto do soand follow local guidancezven now although Covid9 was secuckby
vaccineinjection, thedisease was not cutand might infect again by showing some the symgtom
like fever, cough and so on. This might bring hugtifficulty in theirdaily life by always wearing

the mask outside theome and nobeingsure theof exactsymptons. Therefore technologyto
predict the disease might nefel humars to easily get know what disease once they got infected

anywhere and imediately request treatment.

Artificial intelligence (Al) knowledge may bring a large change and berteflismansespecially

for the medical department to solve the issuethefspreadof disease and panderaibefore
becomingworseandworse It refers to the simulation of human intelligence in machines that are
programmed to think like humassuch as @Al ear nd milgwi nagnod afinpdr orhil ra
actions according to their reflectigDivya S. et al., 2018)or Al, the chatbot will beisedin the

prototype to automatically do predict®an the disease and reply to the users afifgutting the

symptons. The technology used to build aathot mostly was using Natural Language Processing

(NLP) or Natural Language Understanding (NLU) to weahd understandach inputChatbos

canwork as a virtual doctor so that patieswill not always face the difficultyof making an
appointment witha doctor physically.This helpsin savingmore time in getting the treatment

immediately and might help dtorsin decreasing their workloaMachines are always considered



better than humans #sey might be without any human error, they can perform the tasks more
efficiently and with a consistent level of accurgdBgniya R. et al., 2020)This may help a loto

us in our daily life.Most of themodels were initiated by using various machine learning (ML)
algorithms that collected raw data and tleaegorizedt according to gender, age group, and
symptoms. This model wasedto undergo the process of disease prediction and the ML algorithm
was important to increase the accuracy of prediction. A dataset will be also needed to get the data
o informationon different symptoms and it can bbtainedrom the Kaggle website as it was free

of charge to continue the process of disease prediétfter. that, he information collected might

be usedto develop a mobile application to predict the disease based onisstrifptons

througloutthe process of the project and it carusedanywhere.



1.2 Problem Statement/Research Problem

Nowadaysjn the newgeneration peoplareliving in a world thatwvasplagued bypandemicsuch

as Covid19. In many cases, people sometimghl have difficulty requestingan appointment to
see the doctors and get doct doidenifythegdispase amch i s
take medicines without consulting doctoierefore,technologyto predict disease based on
symptomswas developed to give the potential users peace of rthatthey canget treatment

immediately.

Besides that,dalthcare industries have a massive numbeatatbasesonsisting of different types

of data such as structured, sestructured or unstructuredhis was a challenge to them for
managing the huge dataset and different datestypattributes without any errocecurring The
application of predictive anatigs in the healthcare sector has received a great amount of interest
in the research communiiKrishnamoorthi R. et al., 2022)achine learninglgorithms araow
mostly used in current modern technology especialfgdhto increase the accuracy oggiction.

This mght help to organize the huge dataset easily efitiently using machineearning

algorithms



1.3Scope

In this project, the scope was to let husmahle to undergo a simple disease prediction based on
their symptorms so that they can get simple treatment if it vaasemergency issue and avoid it
beconing worst, evenif the disease may cause dedlsides that, the world now a day was
surrounded by @ferentdiseaseshat mightcausedangerous issudsr us. Thereforetechnology

to help in disease prediction should be developed and improve the currenntteadmnedical

department.

1.4 Objectives

1.4.1To designa systemfor a predictionof the disease based on the symptoms by using

artificial intelligence inclucthg somemachine learning algorithsn

1.4.2 To compare the differencémtweemmachine learning algorithms and select the best

machine learning algorithms for disease prediction

1.4.3To developa mobile applicatiothatcan be able to access anywhere for undergoing

the disease prediction process



1.5Brief Methodology

The type of methodologthatwill be usedin this project wa®rototype Methodology

[ Prototyping J
/ \ Customer approval

. . Customer
Requirements |__ Design [ Evalisation ]
Analysis
\ Review and /
Refine
[ Release J—[ Test }._[ Develop ]

Figure 1.1: The Typeof Methodology (Prototype Methodology)

Prototype methodologgonsistsof different phases startingvith requirementanalysis design,
prototype,u s e evaluationand last coms with the review and update phas@nce get the
approval from the user sd ethedevelopnent,destano mandgam, t h e

or release phase process.

15.1Requirement Analysis

In the first phasewhich wasthe requirement phase, some analysis like comparing some
existing mobile applicaticand problem analysis will be done through some method
before continuing to another phase. The method to complete the analysis and full fill ou
objectives was using the Business Model Canvas (BMC) might be applied. Besides that,
the functional, nofiunctional, hardware and softwareguirementfiave tobe analyzedh

this phase too before continuing to another phase. The model that consistadcifine



learning algorithm will be anakedto see which algorithm was suitaliée the project to

increase the accuracy of predictignfew examples of machine learnintparithms such

asK-neaest neighbors (KNN), Naive Bayes, Gaussian Naive Bayes, Decision Tress and so

on.

ayapsaragiom Onl

1e Free Ed ‘9\)
Professional doctor

Experience medical team
Professianal pharmacist
Professional data sciencetist

Any potential invester

Key Activities

o

To provide the disease prediction
based on the symptom input

Automatically reply and response
once the conversation started

Able to provide some suggestion
treatment if needed

Access to medical team to get
more guidance

Key Resources

Technological platiorm suah as
mobile application

Artificial Intelligence (Al) features
for chatbot and others

Disease Information needed

Suitable treatment method for
users

Value Propositions
-m

Reduce the time for get to know
what disease infected

Provide immediately response for
any emergendy issues on disease

Able to know more information of
specific disease

Help human get a safe and peace
life by lowering the rate of spread
on disease

1 Able to undergo simple disease

prediction without go to clinic or
hospital

Customer Relationships '

Artificial Intelligence chatbot with
users

Users' review, rating and feedback

Channels

Disease prediction mobile
application for users

Disease prediction official social
media

Any news channel

Customer Segments [
-

People who was not feeling well

People who was curious on
specific disease or it's symptom

People who lazy go to clinic and
hospital

People who was in career doctor
or pharmacist

Cost Structure
Technological feature

Platform maintenance

»

Revenue Streams

Purchase on pro version if there is

Figure 1.2 Business Canvas Model for A Mobile ApplicatimPredict Disease Basexh

Symptom Using Artificial Intelligence

15.2Design

To start the phase of design, the wireframe of the protaigpsa specific platform or

softwaresuch as Figm#o give us a clear on what feataned how the desigshould contain

in our mobile applicabn that to predict disease based on symptom. Some of the features




such asa conversation between Al chatbdti sease predictions based

registration and login fothe new uses, verification of users and so on should contain in

the prototype and needed to draft out as guidance for our real outtus prototype.
1.5.3 Prototype

In this phase, the prototype will #evelopedby using mostly Python programming
language and the software might be Phycharm or other suitable sadgriatform such

as Jupyter NotebooBesides that, the knowledgé Artificial Intelligence will beapplied

to developanAl chatbot for automatic responsedisease predictiof.hen it might use the

Linux Oracle box method that installed Ubuntu to generate the output as a mobile
application thatan beavailable on our mobile phone and useThe machine learning
model will be trained and tested usimgiachine learning algorithm and the purpose to do
soisto increase the accuracy of prediction on disease bashdwrs e r 6 s sBgforept o m
this, the dataset will be undergoing dataprecessing to avoid missing vaseuplicated

data or other data issues.

1.5.4Evaluation

For this phase, a form will be provided to get sosuggestionsand feedback from
upcoming users teeewhich features can be considered or improved in the prototyyee.
form shouldbe analyzedb see the probability ehehumameedfor this kind of tetinology

in their life. Then, the coming proceskich weredevelopment, test and maintain or release

will be needed to undergo after the process of evaluation of users.

1.5.4.1Development

In the development phasenoegetthe approval fronthe evaluation of users then
the prototype will be developed to output as a mobile applicaiainn this phase,

it was stilltestingon the mobile application in purpose to get more suggestions and
feedbackrom the users.



15.4.2Test

After the development phase, the output shoultebtedby users involved ithe
evaluationin a certain period and get again the feedback or suggestions from them.
The problems antkedbackwill be analyedto give animprovement in the real

output.

1.5.4.3Maintain or Release

Continuingthe test phase, the purpose of letting users test the output was to maintain
or release the output asnobile application in real life without erroogcurring In

this phase, the abile application will not be undergoing maintenance since it was
just a short study or project which contairsddnitation of time to complete.

155 Review & Update

In the last phase, the output will be always reddwnd update after getting feedback
from the usersThis will always give the best experience to users on using the output
without any error®ccurringandavoid causing any difficulty to users like nohfitioning
when using the application in emergency issltesill continue to repeat the design phase

and so on to another phase if needed

10



1.6 Significanceof Project

There were many existing mobdeplicationsimilarto what this project proposed. But this project
will only take some of the existing mobile applicati@atures as guidance and it will be a new
output or mobile application at the end since it will be using Artificial Intelligence chatbot for the
process oflisease predictiorit might be an improvement on existingpbile applicationstoo in

the fact of the accuracy of disease prediction based on the symptom input by users.

11



1.7 Project Schedule

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
2

Prototyping Phase 2 40 days 1/27/238:00 AM  3/23/23 5:00 PM ' :
EFinal Year Project 2 72 days 3/24/23 8:00 AM 7/3/23 5:00 PM | —_——
Evaluation Users Phase 1 10 days 3/24/238:00 AM  4/6/23 5:00 PM ' ]
Project Chapter 4 9 days 3/24/238:00 AM  4/5/23 5:00 PM s
Review And Update Phas 10 days 4/7/238:00 AM  4/20/23 5:00 PM ‘ B
Project Chapter 5 9 days 4/21/238:00 AM  5/3/23 5:00 PM i E
Evaluation Users Phase 2 10 days 5/4/238:00 AM  5/17/23 5:00 PM ' ]
Review And Update Phas 5days 5/18/238:00 AM  |5/24/23 5:00 PM ' ]
Final Year Project 2 Repo 9 days 5/24/238:00 AM  6/5/23 5:00 PM ‘ B
Presentation 10days 6/6/238:00AM  6/19/235:00PM | [
Final Report And Output 10 days 6/20/23 8:00 AM  7/3/23 5:00 PM ‘ S

Name Duration Start Finish ‘: 2022 Dec 2022 |3an 2023 |Feb 2023 |Mar 2023 lapr 2023 [May 2023 J3un 2023 Jaul 20
Mos_li3 Too oz _Tos T Tig o5 Jo1 Tos Tis R2 Too Tos Tiz Tio Toe Tos Tiz Tio Toe Joz Too Tie Tz Tao oz Ti¢ To1 Dog lo¢ Ity T D5 oo
Ef‘ma|yearpr‘)ject 169 ddyg 11/9/228.‘00AH7/3/23 5:00 PM —
EFinal Year Project 1 97 days 11/9/22 8:00 AM 3/23/23 5:00Pﬂ e ——
Approval Of Project 4days 11/9/228:00 M 11/14/225:00PM || [
Requirement Analysis 4days 11/9/228:00 AM  11/14/22 5:00 PM ' n
Project Chapter 1 5 days 11/15/228:00 AM |11/21/22 5:00PM | |
Wireframe Design 10 days 11/15/228:00 AM 11/28/225:00PM || |
Project Chapter 2 9 days 11/29/228:00 AM | 12/9/225:00PM || EE
Prototyping Phase 1 7 days/12/10/22 8:00 AM 112/20/22 5:00 PM l B
Project Chapter 3 8 days 12/21/228:00 AM 12/30/22 5:00 PM ‘ B
Final Year Project 1Repo 9 days 12/31/228:00 AM 1/12/23 5:00 PM ' ]
Presentation 10 days 1/13/238:00 AM  1/26/23 5:00 PM , B

Figure 1.3 Project Schedule To‘ Develop A Mobile Application For Disease Prediction Based On Symptom Using Atrtificial

Intelligence

In Figurel1.3,we can see what task we shodtain a certainspecific period for this projecBesideghat, it was important to let

us have a clear schedule or planning so that we wilfawetdelays in taskcompleton. It will be better to complete the task as

soon as possible to prevent especially of prototyping task dsitaipok the most time toamplete. The task for prototyping might

be the difficut part to complete because we might not kmobany difficulty issues will occur.

12



1.8 Expected Outcome

A mobile application that can predidiseasedased on symptosnusing artificial intelligence
knowledgewill be developed throughout the project to let people easily detect or predict what
diseaseés exhibited by themThe mobile application shouttbntain the feature @afchatbot to start

a corversdion with the user and auto replyttee user. The systemmanprovide disease prediction

and disease details or precautions wtineruser requestandgivesthe relevant information such

as disease type or symptom.

In the endthe purpose of this projectas to povide a platform tdelp humansto get asimple
health check once they were not feelimgll anywhere and anytime. They might i@ nervous
and hacamentalpreparation when facing any disease that infeatettreatmen®A goodmentality

might as a medicine to give a huge help in curing our sickness too.
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2.0Chapter 2 Literature Review
2.1Introduction

Currently, thereare many studiesdone ondiseaserediction based on symptemsing machine
learning knowledge and the commurtioa system was usingchatbot to start a cerrsation with
the users. The literature review will be taken as a reference to work through this pritgeche
literature reviewhasbeen done, the literature review Wik used aa reference and a system for

disease prediction based on sympgavill be proposed in this study.

2.2 Literature Review
2.2.1 Literature Review on Chatbot in Disease Prediction

Besides thatherewerenumeroustudiesdonerelated to prediatg disease usingchatbot
to have a coversation with the usewhich might beused by medical institution3.his
projectpaperreviewed some of those studies done in research papers usimgetineds

and resultsThe eviews are given below:
Reviews:

Shraddha A.S. et al. proposed a system to predict disease that coataiedatakchatbot,
andamedical chatbot was built to giggiidance on their health problems. The disease was
predicted through the system based onsyraptomsprovided by the users. The system
also provided dieplansto users too according to the predicted disease. Besideshthat,
proposedsystemalso ontaired the feature of providg a hospital nearby ttheu s er 6 s
location in case of the user had to take any related testdmoctor. Natural language
processing (NLP) was used in the system since it was a field of Al that helps in designing

a program to pocess and analyze natural language data.

Bali M. et al. designed a systefor patientsto chat witha bot for health prediction. The
chatbot system used a cliesgrver technology and it was developed using the semantic Ul
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React library. While the framewko of the system was using the HTML language. The
chatbot communicates with a trained Natural Language Understanding endime at
backend ands connected to both generic health and advanced diabetes models and their
out put s wer e s anmmatdAnathar kdy Eontribltibieetids refseancheprojead
wasEnsembldearning.Themostpopular methods of combining the classifiers in ensemble
learning ar@amixture of experts, majority voting ensemble, boosting, bagging and stacking.
The majority voting ensemblezasa combiner method that can be used alongside stacking

based ensemble learning.

Swathi S.et al. developed a system to predict and analyze theadé according to the
cornversation betweerthe chatbot and the user. The datathie datasewill be collected
according to the requesttine chatbot server while the trained data and testatatstored

in the SQLite server whicleedsbased on the dais of users. The Support Vector Machine
was used in the system for disease prediction and identification. Progrg platforms
such as Jupyter and Pycharm which can aPpllgon programming language were used to

build the system.

Hussain H. et alimplementeda disease prediction system that contaiaexghatbot using

the concepts of Natural Language Processing (NLP), Machine Learning and Optical
Character Recognition (OCR). The chatbot
the symptoms and thesgase was predicted based on the symptom provided. The two
concepts of NLP were applied to the chatbot, those were tokenization and wordnet. Machine
Learning was used to calculate the accuracy of the disease prediction. The OCR concept

was used to convettie scanned image of a report to text.

Amato F. et al. suggested a healthcare system for medictdrdo usea chatbot for auto
conversation with patients and easy handling of image processing on such a huge dataset.
In the study, it built a chatbotedule named HOLMes (Health eiine Medical Suggestion)
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on the medical system. The chatbot degigvidesinformationaboutitself orthemedical
center and alsoollectspatient information to providsuitableprevention pathwayand
indicationsfor different diseaseddachine learning and Natural Language Processerg
alsoused in the chatbot design in improving it.

Aswini D. tried to develop a questi@nswer system website fpatientsto input their
disease symptoms and the answer wiljbefrom any doctors. After that, the input will be
undergoingananalyss processhatinvolvesthestemmer algorithno help inremovng the
irrelevantwords from theinput and anotheris a word analyer that will be used to find
medical words from the databa3&en a tustworthy calculationvill be calculatedTo get
quick medicd advice, thepatient can access the chatbdhbat is built through Natural
Language Understanding (NLU) and Natural Langugeessing (NLP).

Table 2.1:A Comparative Study Using Various of Medical Chatbot Techniqueson Disease

Prediction in Literature Review

Year

Author Purposed Technique Used

2021

Shraddha A.S.| Suggested a system to predict Natural Language Processing
et al. disease that contain@dnedical | (NLP)

chatbot thatvasbuilt to give
guidance on their health
problems and avoid wasting
time to get a doctor ia hospital

or clinic.

2019

Bali M. etal. | Develope& a system that Natural Language Understanding
containsamedical chatbot for | (NLU), Ensemble Learning
diabetes disease prediction

usingdifferentmachine

learning algorithm techniques.
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2019 | Swathi Set al. | Focused on a system to prediq¢ SQLite server
andanalyze the disease
according to the comersation
between chatbot and the user,

2020 | Hussain H. et | Designed a disease prediction Natural Language Processing

al. systemcontaininga medical (NLP), Optical Character
chatbot anaé fewmachine Recognition (Image Processing)
learning algorithrafor
performance evaluation.

2017 | Amato F. et al.| Built a HOLMeS chatbot IBM Watson Conersations APls,
module for healthcarpurposes | Natural Language Processing
on differentdiseasesind collect| (NLP)
user details by using IBM APIg
and machine learning
algorithns.

2019 | Aswini D. Designed a questioning Natural Language Understanding

answering system for healthcg
to extract useful or relevant

medical knowledge by using
crowdsourcing techniques and
further demonstrate to chatbot

application.

(NLU), Natural Language
Processing (NLP) Stemming
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2.22 Literature Review on Machine Learning Algorithm in Disease Prediction

Therewerenumerousstudiesdonerelated tgpredictingdiseasaising different machine
learning techniques and algorithms whmtghtbeused by medical institutions this
projectpaperhadreviewed onsome of those studies done in research papers using the

techniques andccurataestts used by thenThe eviews are given below:
Reviews:

Phasinam K. et al. focused on the analysis of the performance evaluation of machine
learning techniquein heart disease prediction and mad®mparisorof the accuracy and
effectivenessf the machine learning model. In the predictimachindearning techniques

like Support Vector Machine (SVM), C4.5 classification, Iterative Dichotomiser 3 and
Naive Bayes algorithm hdzben useth his research. The framverk of the prediction had

an accuracy of 92% for SVM, 85% for C4.5, 78% for ID 3 and 70%heNaive Bayes
algorithm.

Rakshith DB. et al. proposed a system to prdioliet disease by using thariablesinput

by the users such as age, gender, Ritalibin and so on. The machine learning algorithms
were used to train the dataset given like Support Vector Machine (SVM), Artificial Neural
Network (ANN), K-nearest Neighbor (KNN) and Naive Baye algorithm. While the
accuracy for the liver disease pretthn was 100% for SVM, 99.9% for ANN, 70% for
KNN and 55.56% fothe Naive Bayes algorithm.

Krishnamoorthi R. et al. developed a diabetes prediction system and sudgestagork

to improve the prediction system by using machine learning techniques. Thera feere
machine learning algorithms used to determine the accuracy of prediction such as Logistic
Regression, Khearest neighbor (KNN), Support Vector Machine (SVM) arathd®m

Forest. At the end of the project research, the author recommerstegia logistic
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regression algorithm and this was because the accuracy was 86% higher than other machine

learning algorithra.

Nadakinamani R.G. et abprovided an efficient andiccuate cardiovascular disease
prediction systermsing analysis of machine learnialgorithms In addition the paper also
recommendd the most suitablemachine learning algorithm for designimaghigh-level
intelligent sysemfor cardiovascular disease predictiddachinelearningalgorithmssuch

as Reduce Pruning TrelREP), M5P Tree, RandorRorest Linear Regression, Naive Beas

J48 and JRIRIgorithm were used. The final result for accuraeg®8.44% for REP, 75.75%

for Random Forest, 74.32% for Linear Regression, 100% for Naive Bayes, 99.9% for J48
and 99.9o for JRIP algorithm.

Ifraz G.M. et al. tried to improve the accayaf chronic kidney disease prediction by using
the machine learning algorithm amsdggesteda web application that incorporasethe
machine learning algorithm andeassa larger dataset. The machine learning algorithm
Decision Tree, Knearest Neighbor (KNN) and Logistic Regression were used and the

accuracy of each of the algorithm perspecivere 96% 71% and 97%.

Shang Q. et al. compared the use of differe
Disease (AD) prediction and the paper stated early AD was predicted by hippocampal
subregion volume changes. To predict the AD, Support Vector Ma¢Birid), Decision

Tree and Random Forest machine learning modeltg used in this research. While the

accuracy for SVM was 82.58%, Decision Tree was 78.25% and Random Forest was 95.68%.
These resuls indicated thatthe Random Forest model showeda high predictive
performance in predicting the risk of transformation freM@I to I-MCIl among different

machine learning methods.
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Khan M.M. et al. focused on the topic of breast cancer prediction bymsicigindearning
techniques andhe machine learning method might be able assist to predict in the early
stage of breast cancer. Random Forest, Decision Treeakest Neighbor (KNN) and
Logistic Regression were the machine learning techniques used in the prediction while the
accuracy vas 95.61% for Random Forest, 94.73% for Decision Tree, 90.35% for KNN and

98.6% for Logistic Regression.

Sultana J. et al. suggested a Cel@lvirus or disease predicting system by using machine
learning to detect the pattern in previously recorded trgidiata although the CowvitP
epidemic emergency would reveal some of the significant Atrtificial Intelligent shoAage.
few machine learninglgorithmssuch as Linear Regression, Artificial Neural Netwsork
(ANN) called Multi-Layer Protection (MLP) and Vear Autoregression (VARareused

for the prediction. The best performance given was using the MLP model as ts8awoé

accuracy.

Haq A.Ul. et al. proposed a heart disease prediction system by using different machine
learning algorithraand different 6features selection algoritrssuch as Feature Selection
(FS), Relief Feature Selection (Relief), MinirRé¢dundancyMaximalRelevance Feature
Selection (MRMR) and Least Absolute Shrinkage and Selection Operator algorithm
(LASSO). The machine learnirgjgorithmsused in this paper were Logistic Regression,
Support Vector Machine (SVM), Naive Bayes algorithm, Artificial Neural Network (ANN),
Decision Tree, Knearest Neighbor (KNN) and Random Forest. From the analysis result,
Logistic Regression with 89% a®V/M with 88% accuracy were the best machine learning

algorithm forheartdisease prediction.

Ma H. et al. used 11 machine learning algorithbreggistic Regression, Support Vector
Machine (SVM), knearest Neighbor (KNN), Naive Bayes, Bayesian Network5,C4.
AdaBoost, Bagging, Random Forest, Hidden Naive Bayes (HNB), Averaged One
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Dependence Estimator (AODE) to analyze the fatty liver disease prediction and for the best
and highest accuracy was Logistic Regression algorithm, 83.41%. But the author
recommende using BN since it was the best performance which was superior to the widely
used Logistic Regression model. Another reason camihe real studes the linear
assumption could natlwaysbe satisfied when an ordinary logistic regression was used to

explare the real data.

Dhahri H. et al. proposed a suitable machine learning model with the best accuracy in
machine learning algorithm and used the combination of Genetic Programming (GP)
algorithm on breast cancer prediction. The machine learning algorgthamsas Support
Vector Machine (SVM), Knearest Neighbor (KNN), Decision Tree, Gradient Boosting
Classifier, Random Forest, Logistic Regression, AdaBoost, Gaussian Naive Bayes and
Linear Discriminant Analysis were used in this research project. Accordinthet
combination with GPThe Gradient Boosting Classifier was chosen to bentbst suitable

machine learning algorithm as it had a resti@8.24% accuracy.

Prakash K.B. et al. tried on the predictiortreg Covid-19 virus among the people sirtbe
currentwas stillapandemic. It used two typef dataset which were Covidl9-India and
Covid-19-Data. The prediction was done by using the machine learning algsiitten
Support Vector Machine (SVM), dearest Neighbor (KNN) with Neighborhood
Component Analysis (NCA), Decision Tree, Gaussian Naive Bayes, Multilinear Regression,
Logistic Regression, Random Forest and XGBoost. From the final result, the best accuracy
among the machine learning algorithm state #65% from Support Vector Machine,

Decision Tree and Random Forest classifier.

Table 2.2: A Comparative Study Using Various of MachineL earning Algorithm on Disease

Prediction in Literature Review

Year

Author Purpose Technigques Used Accuracy
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2022 | Phasinam K. et Proposed dramework for| Support Vector SVM = 92%
al. aheartdisease prediction| Machine (SVM), C4.5=85%
system in his paper wher C4.5 classification, | 1D3 =78%
he usednachine learning| Iterative Naive Bayes =
algorithms. Dichotomiser 3 (ID3), 70%
Naive Bayes
2021 | Rakshith DB. | Build a system for liver | Support Vector SVM = 100%
et al. disease prediction based Machine (SVM), ANN = 99.9%
o n u attebutéssuch | Artificial Neural KNN = 70%
as gender, age, total Network (ANN), K- | Naive Bayes =
Bilirubin and so on by nearest Neighbor 55.56%
using machine learning | (KNN), Naive Bayes
algorithms and neural
networks.
2022 | Krishnamoorthil Recommended a diabetg Logistic Regression, | 86%
R. etal. disease prediction and | K-nearest neighbor
detection system or (KNN), Support
framework by using Vector Machine
machine leeing (SVM), Random
algorithrrs. Forest
2022 | Nadakinamani | Developed a more Reduce Pruning Tree REP = 88.44%

R.G. et al.

accurate and efficient
cardiovascular disease
prediction system using
machine learning

techniques or algorithsn

(REP, M5P Tree,
RandomForest
Linear Regression,
Naive Bayes, J48, an
JRIP

M5P = 75.75%
Random Forest
=99.81%
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Linear

Regression =
74.32%
Naive Bayes =
100%
J48 = 99.9%
JRIP =99.9%
2021 | Ifraz G.M. et | Performed a comparativg Decision Tree, K Decision Tree 5
al. analysis of the prediction| nearest Neighbor 96%
of chronic kidney disease (KNN), Logistic KNN = 71%
using machine learning | Regression Logistic
method or algorithrs. Regression =
97%
2022 | Shang Q. et al.| Designed a model to Support Vector SVM = 82.58%
predict Al z|Machine (SVM), Decision Tree 5
disease using machine | Decision Tree, 78.25%
learning algorithrmto Random Forest Random Forest
improve its accuracy. = 95.68%
2022 | Khan M.M. et | Created a model to help | Random Forest, Random Forest|
al. medical technicians ithe | Decision Tree, K =95.61%
identification or nearest Neighbor Decision Tree 5
prediction of breds (KNN), Logistic 94.73%
cancer early by using Regression KNN =90.35
machine learning Logistic
algorithis. Regression =
98.6%
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2022

Sultana J. et al|

Developed a Covid 9
disease prediction syster
usingdifferentmachine
learningmodelsand
selectingthe most

relevant features.

Linear Regression,
Artificial Neural
Network (ANN) =
Multi-Layer
Protection (MLP),
Vector

Autoregression

MLP = 75%

(VAR)
2018 | Hag A.Ul. et | Proposed a hybrid Logistic Regression, | Logistic
al. intelligent machine Support Vector Regression =
learning based on the Machine (SVM), 89%
prediction system for the| Naive Bayes, SVM = 88%
diagnosis of heart diseas Atrtificial Neural
Network (ANN),
Decision TreeK-
nearest Neighbor
(KNN), Random
Forest
2018 | Ma H. et al. Provided a system and | Logistic Regression, | Logistic
framework which Support Vector Regression =
contained building and | Machine (SVM), k | 83.41%
prediction phase to nearest Neighbor BN =82.92%

predict the fatty liver

(KNN), Naive Bayes,
Bayesian Network,
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disease using the machir

learning algorithra

C4.5, AdaBoost,
Bagging, Random
Forest, Hidden Naive
Bayes (HNB),
Averaged One
Dependence
Estimator (AODE)

2019 | Dhahri H. et al.| Desigredan effective Support Vector 98.24%
machine learning model | Machine (SVM), k
including the stages of | nearesiNeighbor
preprocessing, feature | (KNN), Decision
selection, and Tree, Gradient
classification processes | Boosting Classifier,
for breast cancer Random Forest,
prediction using maching Logistic Regression,
learning algorithm. AdaBoost, Gaussian
Naive Bayes, Linear
Discriminant Analysis
2020 | Prakash K.Bet | Focused on how to Support Vector 96.7%

al.

prevent the Covid9

virus from continuing to
spreacamong people by
using automatically detec
of the virus and builing
the Covid-19 prediction

using machine learning.

Machine (SVM), k
nearest Neighbor
(KNN) +
Neighborhood
Component Analysis
(NCA), Decision
Tree, Gaussian Naivq

Bayes, Multilinear
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Regression, Logistic
Regression, Random
Forest, XGBoost

Raw Data

¥

Data Pre-

processing

¥

Dataset division: Training
dataset 80%, Testing dataset

20%
PMachine Learning Algorithms:
KMM and Decision Tree

W

Comparing the accuracy rates
of both the classifiers

v
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from *
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Figure 2.1 Existing Flowcharbf Disease Prediction System (Hussain H. et al., 2020).

| Disease Prediction Chat bot |

!
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Andrpid -‘ processing Identification
using NLP
Classification
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Figure 2.2 ExistingWorking Modelof Chatboton DiseaséPrediction Shraddha A.S. et al.,

2021).

2.2.3 Similarity Mobile Application for Disease Prediction That Existed

There were d&ew similar mobile applications found and existed on the Google Play Store

platform. Similar mobile applications were below:

Table 2.3: Comparison First Three Existed Similar Mobile Application with Upcoming

1. Telehealth Online by Healthtap
2.Adai check your health

3. WebMD: Symptom Checker

4. Symptomaté Symptom Checker

5. Your Doctorsi Online Doctor

6. Doctor at Home: Home Remedies

7. VisualDx

8. Diagnose

9. usSymptom Checker

Prototype
Telehealth Onling Adai check your | WebMD: Upcoming
by Healthtap health Symptom Checke| Prototype
Free Of Some feature Yes Yes Yes
Charge (Ask Doctor
Anonymously)
Location Specific Any Any Any
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Appointment| Yes No No, but can finda | No
doctor nearby
Way to Chat with Create a profile to | Input detail of Automatic
predict doctor/Search start symptom symptom/Search | conversation
Information assessment/check| for with Al chatbot
symptons/Search | doctor/Search and input
Information information symptons for
further pocess
Record Treatment Symptom Health condition | Prediction
assessment History
Pandemic | Yes No Yes No
updated
news
Customer Yes No No Yes
services
Type of Any (Askthe Any (Search for | Any (Symptom Any include
disease doctor to gethe | information) Checker) Covid-19
answer) (Symptom
Checker)
Medical No Yes Yes No
Team
Pharmacy | No No Yes No
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Chatbot Chat withthe No No Chatbot

doctor makingan
appointment

2.3Proposed System

2.3.1 Dataset Preprocessing

Before staihg to use the datahé preprocessing of data is necessary for efficient
representation of data and machine learning classifier which sheutatbgorized into
trained and tested dafahe ratio of trained and tested data might 54 8of percentage.

Data preprocessingor cleaning procesgechniques such as removing missing values,
standard scalar, and MinMax Scalar have been applied to the dataset for effective use in the
differentclassifiersandto avoidredundancyThe standard scalar ensures that every feature
hasameanof 0 andavarianceof 1, bringing all features to the same coefficient. Similarly
MinMax Scalar shifts the data such that all features are between (ldad A.Ul., 2018)

The missing valuesf the datafeature rowin the datasetre just deleted These data
preprocessing techniquesated will beused in thisproject to complete the disease
prediction systenin this studyafew datasetsvill be usedike dataset of disease symptoms,
dataset of disease descriptions, dataset of disease precautions and dataset of severity weight

for each symptom.
2.3.2 Data Visualization

Data visualization is a fielthatundergoeshe process of data analysisit deals with visual
representation of dat It graphically plotand shows théata and is an effective way to
communicate inferences frothe dataprovided Therefore, dferent graphicaimethods
will be needed andisedto analyge the result and the data to havelearunderstanding.
The graphical type might be achart, bar, heat map, correlation matrix and so on.
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2.3.3 Natural Language Processing (NLP)

Natural Language Processing (NLP) was functioningaaprocessto combine the
computational linguisticsule-based modeling of human language with statistical, machine
learning and deep learning. It enables computers to process human language in the form of
unstructured data or structured data anckasily recognizethe real meaning of those
contexts. The chatbot in the system will use the concepts of tokenization which consist of
stemming and lemmatization process to complete the disease predagamhon the input

of theuser

2.3.4 Tools and Framework

The toolsusedto design the system of this disease prediction based on sympen®
PyCharmand Jupytervhich can beappied to the Python programming languagesing
thePython programming languagiere werenanyinterestingfeatures thaill be able to
design like conversatiabetween chatbet disease prediction based on different machine
learning algorithraand so on. For the diagram or flowchart of the system or framework,
visual paradigm platform will be use generate While for the tools to dagn the
wireframe of the prototype, it will udegmasoftware as it contained many features isnd

sharable when needed.

2.35 Machine Learning Algorithm

The machine learning algorithm will lisedto evaluate the disease prediction process and
the best machine learning algorithm after the process of accuracy evaluation will be chosen
within the proposed machine learning algorithm for the final reJiile machine learning

algorithm will be proposeds below:

K-nearest neighbors (KNN)
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It was a type of supervised machine learning algorithm. It assumes the similarity
between the new data and the categgoior existing data and considethe new

data into the category that is mbke the available dagories. We can calculate the
Euclidean distance between the two dadants which was the new data point and
available data point in different categories and see which was the nearest distance.
Then, assigns the new data point to which the majority dét& poing belong in

different categories.
Naive Bayes

It was a type of supervised machine learning algorithm for classification problems
and is based on Bayesd probability theor
that includes a higldimension a | training dataset. Bayes
used to determine the probability of a hypothesis with prior knowledge and the

following formula:

"o
~

0 09 — (Keniya R., 2020)

Were,

P(A|B) is the probability of hypothesis A given the data B. Tikigalledthe
Posterior probability. P(B|A) is the probability d&taB given thatthe hypothesis

A was true. Thisis called Likelihood probability. P(A) is the probability of
hypothesis A bing true (regardless of the data). While tisiscalledthe Prior
probability. Lastly, P(B) is the probability of the data (regardless of the hypothesis)
and this probability was Marginal probabilitiNaive Bayes was a theory for
machine learningnodelsbut only the Gaussian Naive Bayes model will only able

to be trained in PyCharm or Jupyter Notebook.
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Gaussian Naive Bayes

This machine learning algorithfollows the same procedure Bgive Bayes. But

for Naive Bayes we need a categorical dataset and for Gaubkiaue Bayes
(Normal Distribution)we need a dataset that has all the continuous featsieg
probability. Our dataset consisted of continuous features of sympiidmseforeijt

was mandatory to useisrmodel. The accuracy using this model was not a very high

value.
Decision Tree

The decision tree algorithm was the most common supervised machine learning
used inthe prediction process. It consisted of regression and classification features.
In the decsion tree, it used a method liketree diagram to classify the data. It
contains Decision Node and Leaf Node in the tree diagram format. Decision Nodes
are used to make any decision and have multiple branches, while Leaf Nodes are
the output of those dexsions and do not contain any further branchiég. decision

tree algorithm compares the values of the root attribute with the real dataset attribute
andfollows the branch to jump to another nod®r the next node, the algorithm
again compares the attrileuvalue with the other sutndes andnovesfurther. It
continues the process until it reaches the leaf node of theTweselect the best
attribute for the root nodes and sabdes, we can use a technique whghalled
Attribute Selection Measure (ASMThere were two types of ASM which were

Information Gain andhe Gini Index.

Support Vector Machine

Support Vector Machine was a supervised machine learning modelahaisedo
predict classes for new examples. It assigig d&ta points to one dhe classes.
The purposeof the SVM algorithm is to create the best line or decision boundary

that can segregatedimensional space into classes so that we can easily put the new

32



data point in the correct category in the future. This best decision boundary
called a hyperplan Hyperplanesanhavemultiple linesor decision boundaries to
classifythe classes in-dimensional spacd&ut to avoid the low accuracy resulig
need to find out the best decision boundary that helps to classify the data points.

Random Forest

Randan Forest was a tre@ased type of machine learning algorithm teaeraged

the power of multiple decision trees for making the final decision. The average of
the subset from each tree will takenas the final result to increase the accuracy of
predictian. It takesa majority vote prediction from all the trees and finally predicts

the output rather than relying on one decision tkeesshnamoorthi R., 2022)

2.3.6 Validation Method of Machine Learning Algorithm

To validate the machine learning algorithm or classifier, the mettidd-fold
Crossvalidationwasused in this project. The dataset is divided into k equas size
of pars by K-fold Crossvalidation, in which k1L groups are used to train the
machine learimg algorithm or classifier and the remaining part will be used for
checking the output performance in each step. This prixesseated k times and

the classifier performance will compute based on the k results. The average of all
performance metrics Wibe computed too at the end.

2.3.7 Performance Evaluation Metrics
Confusion Matrix

The confusion matriwill be usedn this project to describe the performance of the
classification system by going through the actual value and predicted value. From

the MinMax Scalar of data preprocegs we canseethat 1showthat positive case
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means ofdiseasevhile 0 wasthe oppode showingthat a negative case means of
health

Predicted Value
Actual Value True Positive (TP) False Negative (FN)
False Positive (FP) True Negative (TN)

Table 2.4: Confusion Matrix

Classification accuracy

It shows the overafperformance of the classification and the calculation as below:

Accuracy = pnmnbk

Classification Error

It shows the overall incorrect classification and the calculation as below:

Error =— p mtt(plagA.Ul. et al., 2018)

Hence,it came out that the overall performance of different classificatizas

calculated usinghedifferencebetweeraccuracyanderror.

Another way to evaluate the performance of the classification model was to
calculate the precision, recalFl-score sensitivity, specificity and Receiver
Optimistic Curve (ROC)

Precision
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Precisionhelps to measure the true values correctly predicted from the total

predicted values in the actual class. Tdrenula orequatiorof precisionis as below:

Precision =

Recall

While in recall it helps tomeasure the rate of positive values that are correctly

classified. The equation of recals below:

Recall =——

F1-score

In the endF-Measure alsoalled F1score is the harmonic mean between recall

and precisiomwill be calculatedThe equation aheF1-scoreis as below:

Fl1-score = (Pathan M.S. et al., 2022)
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2.4Summary

As a conclusion from the literature review and the proposed system, there will beliffd¢esnt
typesof dataset@and machine learninglgorithmsused for the disease prediction system. While

for the chatbot features, it will be going to isg¢hon programming language to generate and also
the Natural Language Processing (NLP) concept to process thersation. The machine learning
algorithmstha will be used in this study weke-nearest Neighbor (KNN), Naive Bayes, Gaussian
Naive Bayes, Decision Tree, Support Vector Machine (SVM) and Random Forest. The accuracy
was calculated for each of thggorithmsfor performance evaluation. The evaluatioatrics such

as precision, recalind F1-scoreare alsoused to evaluate the performance for each of the

algorithms
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Chapter 3 Requirement Analysis And Design
3.1 Introduction

In the part of requirement analysis and design of software development, there was a specification
called Software Requirement SpecificatiqfpRS). It was astarting point of the software
developmengctivity and a document thalescribesvhat the softwarevill do including how the

study will be expected to perform from resuBRS alsancluded the detailsthat gave aclear

understandingf the purpose, scope and an overview of the system.
The SRS provides the following functions:

1 Designing and developirnthe application system
1 Evaluating the product in all subsequent phases of the lifecycle

1 Determining the success of the projdaeekshita S. et al., 2018)

Therefore, there will be a requirements analysis process going to be done according to the prototype
methodology in detail. These details or analysis nbghterformedisingthevariance of diagrams
such asflow chart of the disease prediction system, class diagramgcasesand so on.
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3.2 Functional Requirements

Functional requirements can be defined as a product with prototype features or functions that
developers must implement to enable users to accomplish their task or their needs. These
requirements help to perform what the system maosind it will be a bd quality prototype if the

system does not meetegefunctional requirements. The concept of functional requireseant

be easilyanalyzedhrough the input or output features. This is because functional requireraents
specify what the system mudb in respons¢o different inputs and what must output. Functional
requirements might also help in data control too to see clearly how the data worked through the

system.
3.2.1 Features/functions
Following wherethe features should m®ntainedn the proposed system of this study:

. Corversdion between chatbot and user

Provide disease description and treatment. way

a
b
c. Predict the disease based on userso6 sympt
d. Compare the symptoms with datasets

e. ldentify the type of disease and provaturacy according to results

f.

Record and view prediction process history

3.3 NonFunctional Requirements

Non-functional requirements were different from functional requirements and defined as the
requirements thaare usedo describe how the system Wwer In other words, nefunctional
requirements help ithei dent i fi cati on of Aiconst +hehaviordls 0 , (I
requi rement s 0. thélappkcatisnuoffgnetisnal requireménds was point by point in

the framework plan but the suggestion for actualizing thefaoctional requirementa/as also

needed and depicted the framework of this projecfThis might help to determine the quality of

the system with these specific constraints stated in this siidye were some attributes as below:
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3.3.1Security

Thedatastored in the database wilkedtobe securé¢ o pr ot ect every wuser
output for the prototype, the users willéitled to access the system once they underwent

the verification process on matched username or email and password. The prediction history
must notbe accesseldly any other user as it wpsvateto everyoneand thisis considered

e v e r yroedieabresord. Therefore, each of thesers isonly entitled to higprivacy of

prediction data.

3.3.2 Maintainability

In the case of maintenance, the process of evaluatioallectingfeedbackwill be taken
from every user on the system after the testing phase. The system wgbatedand
improved in a certainshort period beforghe reallaunch of the system intmobile
application.The purposeof doingso was to avoid major issuescurrirg and reducerrors
in the system. Thikelpsto giveabetter user experience when using the system. There will
be a customer service segment in the system teskseasily send theisuggestion®r

feedback after experience on the system.

3.3.3 Scalaility

To fulfill the scalability, the huge amount of data in the system might be able to be supported
and load everyhuge amount of datan a shortperiod. Thishelpsto give the best
performance of the system. One of the ways to improve the worklohd system was by

adding hardware or software resources like CPU and RAM.

3.3.4 Portability

Portability can be defined as the systkeingable to reuse the existing code rather than

creating a new code when transferring the systerm one environment to another
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environment. While this project system was implemented using Python programming
language, whiclis knownto be anindependenplatform. Therefore, the system might be

able to run on any operating system such as Windows 10 and Windows 11. Besides that,
the system should be compatilteéh mobile phonegoo.

3.3.5 Usability

To lettheuses havea simple and easy predictiofidiseasédased on their symptanthe
user can just simplstartaconversaion with the chatbot feature in the system by itipgt
any details needed. Any help or information needed can be epsign from the
conversation with thechatbot such as the disease description, customer service contact way

and so on.

3.4 Hardware Requirements

Processor . Intel or higher level

RAM : 8GB

Space On Disk : Minimum 100GB

Device : Any device that has internet access

3.5 Software Requirements

Operating System : Windows 10 or above

Network : Wi-Fi Internet or Cellular Internet
Programming Language : Python

IDE - Jupyter

Visual Paradigriucid Chart: To draw the flow chart andiagram.
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Figma : Designthewireframe @ each feature
Google Chrome : A medium to findreferences$o do system testing and run iugp.

Tools : Linux, Microsoft Excel
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3.6 DesignDiagram
3.6.1 System Architectureon Disease PredictiorlJsing Machine Learning Model

A systemarchitecture can be defined as a blueprint fsystemand it provides a draft or
an abstraction to manage the complexitytleé system. Besides that, it also helps to
coordinate each of themechanismamong the components and the connection of each

mechanismThe system architecture desigithe machine learning modslishown below:

o Performing K-Fold Cross
Validation for Model
Data(8st) Selection

Preprocessing
Train Data and splitting the
data {
Training SVM [Training Naive] Rrﬂ;?rﬁ
Dataset i ifi
™ Classifier Bayes Classifier, orestClassifier
@ Chathot
") Test Data(15%)
Y Y
Computing Metrics on Computing Metricson | | Computing Metrics on
test data for SVM test data for Naive fest data for Random
Classifier Bayes Classifier Forest Classifier

aural
Validating data
P User's Input Language 3 o
e with user's mputJ } l l

Prediction on Validation | | Prediction on Valldatinn} rredictiun on Validation

dataset by SVM dataset by Naive Bayes | | dataset by Random
classifier classifier Forestclassifier

Final Prediction

Figure 3.1 System Architecturen Disease PredictiobsingMachine Learning Model
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3.6.2 SystenArchitecture on Chatbot Model Using Natural Language Processing

Another system architecturthat will be designed to complete the system was for the
chatbot which will helpstartthe conversation by respand automatically based on the

input of the users.

input symbolic
> interface Symbolic
User User Interface<€ »
€ query/result Processor
responses A 5
parsing input dependency
graph facts &
rules
Y
Knowledge y
Natural Base
Language
Processor
A
trained
model

Deep Neural

Network

Figure 3.2: System Architecture on Chatbot Model Using Natural Language Processing

Researcthas lately led to the development of nBlatural Language Processi(i§LP)

tools that integrate symbolirtificial Intelligence (Al). According to Al scientists, low

level statistical learning and higavel symbolic reasoning work best together. They will
significantly advance natal language understanding by working together. Humans can
then use the symbolic explanation to comprehend the reasoning of the Al model and to
enhance humamachine interactionsn the Neural to Symbolic NLP system architecture
diagram, the future of NLP is componentized into the Natural Language Processor which
has the dedicated responsibility of parsing the text accurately and flexibly with deep neural
networks(CheungB., 2020)
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3.63 UseCase Diagram

Use case diagrasshould always be simple and easy to understand. It helps to summarize
the relationships between the use cases, actors and systems and does not need to show which

steps will be performed according to order to achieve the goals of each usEheasse

cas diagram of this study was as below:

Visual Paradigm Onljne Free Edition System
Provide disease
description
F Dataset
Chat include
bot -
Chat conservation include Provnl.*le customer
service contact
include
Provide disease
prediction
Calculate evaluatioft
metrics
include
Registration & Login
User
i Model
include
Input the symptern Provide algorithm
classifier

View prediction result

View prediction history

include Update or edit profile

View profile detail detail

Visual Paradigm Onjline Free Edition

Figure 3.3: Use Case Diagramn A Mobile Application To Predict Disease Based On Symptom
Using Atrtificial Intelligence
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3.63.1 Use Case Description Table

Use Case ID

Use Case Name

Ul

Chat Cowersation

Use Cas®verview

To start a comersation with Al Chatbat

Actor

User, Chatbot, Dataset, Database

Precondition

Database available

Trigger

Input text

Steps

1.
2.
3.

Access to the system.

Navigate tahechatbot page.

Enter the texsuch as diseasgpeor greeting and any other
text

Click onsend button

Post Conditions

Diseasdype

Search fothe disease through the dataset.
Messagesvith disease detail and precaution are sent bathetc
user.

Greetings and any other text

Defaultor customer servicmessage is sent backtte user.

Exception Flow

If thediseasaloes noexist thenthel D i s does@ exist
and reenter ddisplayads e me s s agd

If thetextis norelevant to predictiorthenthei P e a s e

symptom or di s asaispayed.nl y o meg

Table 3.1 Use Case Descriptiofor Chat Conversation

Use Case ID

Use Case Name

U2

Registration And Login

Use Case Overview,

To register for the application and provide the loggername and

password for access purpese the system
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Actor

User, Chatbot, Database

Precondition

Database available

Trigger

Selecttheregisterlink or login button

Steps

Register

. Click onthe registetink.
2. Enter usedetails

. Click ontheregisterbutton

Login

1. Enter username and password.

. Click onthe loginbutton.

Post Conditions

Register

. Personal details are storedthe user database.
2. Newusers arereated.

. Messagesvith newusers havéeen creatednd aresent back to

theuser.

Login

. User logged into the system.

Exception Flow

. If theusername and passwaitd not match thentheiReenter

the username and password me gsgliaptayed.

Table 32 Use Case Descriptiorior Registration and Login

Use Case ID
Use Case Name

U3

Input the symptom

Use Case Overview

To undergo the process of disease prediction.

Actor

User, Chatbot, Dataset, Databddedel

Precondition

Database available

Trigger

Input text

Steps

1. Access to the system.
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Navigate to chatbot page.
Enter thetext.
Click on send button.

Post Conditions

L B S A

Symptom validated with dataset agldssifed using machine
learning algorithra.

Each of the classificatioresultsunderwent performance
evaluatiors.

Messageorediction in progress sent back to the user.

Exception Flow

If thesymptomis no validatethenthei Sy mpt om f a

vali date and

r e e msdigplayed y mp t ¢

Table 33 Use Case Descriptiorior Input Symptom

Use Case ID

Use Case Name

u4

View predictionresult

Use Case Overview

To get and setheresult of the disease prediction

Actor

User, Chatbot, Database

Precondition

Database available

Trigger

Input text

Steps

1.

Access to the system.
Navigate to chatbot page.
Enter the text.

Click on send button.

Post Conditions

Ll B

The prediction result and evaluation performance resalt
storal in the result database.
Message witldisease resulind the best evaluation performar

result are sent back to the user.

Exception Flow

. If thesymptomis no validatethenthed Sy mpt o m

f a

vali date and reenter

sympt d

Table 34 Use Case Descriptiorfior View Prediction Result
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Use Case ID

Use Case Name

us

View prediction history

Use Case Overview

To view the previous prediction histary

Actor

User, Database

Precondition

Database available

Trigger

Navigate history page

Steps

1.

Access to the system.

. Navigate tahehistorypage.

Post Conditions

. History data retrieved from the resdhtabase.

Result data is sent back to the history page for viewing.

Exception Flow

2
1
2.
1

. If no predictionis done thenthefiPlease go for yauisease

prediction firsb me ssdiaptpyged.

Table 35 Use Case Descriptiotior View Prediction History

UseCase ID

Use Case Name

U6

View Profile Details

Use Case Overview

To view the user details and edit or update the user details

Actor

User, Database

Precondition

Database available

Trigger

Navigatethe profile page or sele¢he edit button

Steps

1.

Access to the system.
Navigate taheprofile page.
Click ontheedit button.

Post Conditions

Retrieved the user data frdimeuser database.
New user detailarestored intheuser database.

New user data is sent baitkthe profile pagefor viewing.

Exception Flow

Pl w D RPwD

If theuser detailsareblank thenthefPlease fillin the details

before saving me dssliaptpyed.

Table 36 Use Case Descriptiorior View Profile Details

48




3.64 Class Diagram

The dass diagram helps in describing all ga¢ributesand operatiosof a specific class
and the connection of every class on the system. It also shows a collection of classes,
associationsconstraints and so on. Thatwvhyaclass diagrans alsoknown as a structural

diagram. The class diagram for disease predictias below:

Visual Ebatked Online Free Editio Dataset
-chatbot_id access -dataset_id
-chatbot_name -tlatazet_name C
+response() +rainData()
+estData()
Algorithm
chat -algorithm_type
validate -algorithm_name
+huildiodel()
User +performanceEvaluate()
_user_id +diseasePridiction()
-user_name Symptom J
-uzer_email :
= - -symptom_id
-user_password input _symptom_name >
-user_contact +validateSymptom()
+addUser() +calculateMetircs()
+editUser()
+geleteUser()
+updateUser() generate
Result
-result_id
-result_number
received -result_accuracy
+viewResuli()
+updateResult()
+getAccuracy()
+setAccuracy()
M
:retn'eved from
|
|
check H.lstury
-record_id
\ -record_number
-total_history
+viewHistory()
+updateHistory() Visual Paradigm Online Free Edition

Using Artificial Intelligence
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3.65 SequenceDiagram

The £quence diagrans defined asan interaction diagram thathowsthe detailof how

each of the operatiaiin the systenis carried out. Ihelpsto capture the interaction between
different objects in the context of a proceAssequence diagram, mostly focused on the

order of interactive visuallpy using the vertical axis of the diagram to represent what
message should be done and when to be done. The sequence diagram had been designed as

below:
Paradigm Online Eree Ed Interface
User 1.0 Fill in the form | Tser Database
— - PJ' I
1
1
i 1
P L1 Registered successful | ___ | I
1.2 Store user details > |
2.0 Enter user email and password >
alt | [If user email and password matched]
2.1 Match user email and passowrd >
i |verify user email and password
2.2 Verified successful
é ........................
2.3 Login successful
= >
[Else] 3.0 Match user email and password
> ; |verify user email and password
3.1 Verified fail
S LGt |
3.2 Login fail 1
ogin > [
1
.{__3.-31 Request valid user email and password _ | :
1
T |
| |
4 0 Reenter user email and password | :
1
L] | | ual P e Free

Figure 3.5: Sequence Diagrafor User Registration And Login Process
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2l Paradigm Online Free Edition Dataset Algonithm

Symptom
User 1.0 Start conservation Chatbot Result
> database&n
ISR 1 ._I_G_ix_'e_rgsgtln;se_ _______ bsp:
1.2 Input disease symptom -
>
alt | I1f symptom valid] .
1.3 Validate symptom -
el validation
. L4 Vatidate specessful | _ |
... l3Requestowait _____|
1.6 Build classifier model -
»>
¢ - _L7Diseascprediction ____ H
. 18 Evaluate performance |
1.9 Save disease and evaluation metrics result
>
110 Send disease and accuracy result_ | T
[Else] 2.0 Validate symptom -
o Dvalidauon
e 21 Validate fail J
” 2.2 FRequest valid symptom |
________________________ i
|
|
|
3.0 Reinput symptom - |
> |
L L I Visual Paradigm Online Free Bdition
Figure 3.6: Sequence Diagrafor Disease Prediction Process
Vistgl Paradigm Online Free Edition Dataset
disease
User 1.0 Start conservation C.llfﬂbm description
SRR L1Giveresponse |
1.2 Input disease type
pu P >
alt [If disease type valid] 1.3 Search disease
]seaﬂ:h
P 1.4 Searched successful
s _ 1.5 Send disease description and precaution _ _ |
[Elze] .
2.0 Search disease
P
i search
2.1 Searched fail
e m e e e e e T L e e e e m ]
2.2 Invalid disease
i i i ity T
|
I
I
3.0 Reinput disease |
I
| isual Paradigm Onlihe Free Edition

Figure 3.7: Sequence Diagrafor Requesting Disease Details Process
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Vigtgl Paradigm Online Free Edition

User 1.0 View disease prediction history

2.0 Delete disease prediction history

Interface g z
JI_ Result
> Databasze
1.2 Retrieved result history !
1.3 Send result history T]
- - - TR |
I
> _ |
2.1 Delete result history I
¢ ___22Update resulthistory____ TTI
I

————]

Figure 3.8: Sequence Diagraffor History ViewingProcess

WVis E Faradigm Cnline Free Edition

User 1.0 View profile

2.0 Edit user details

Figure 3.9: Sequence Diagrafor Profile Edit Or Update Process

Interface g z
I Uzer
g Database
1.1 Retrieved user details I
1.2 Send user details
b~ m m - e ee e m
I
> |
2.1 Saved edited user details I
< 2.2 Update user details
i
isual Paradigm Cnline Free EI:'.-:
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'v'i% Faradigm Online Free Edition

User 1.0 Request customer service contact ‘:.llhﬁtb':'t

e - L1 Send customer service confact

Visual Paradigm Online Free B@jtion

Figure 3.10: Sequence Diagramor Requesting Customer Service Contact Process
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3.6.6 Wireframe

Regiser and Login Registration Form Home/Main Page Customer Service

Input your symptom? Input your symptom?

History Profile Profile Edit Setting

Figure 3.11: WireframeOn A Mobile Applicationto Predict Dsease Based On Symptom Using

Artificial Intelligence(Link: https:/www.figma.com/file/Sorkmik6d3M9Txi5gp6HPO/Mobikpplication-For-Disease

PredictionBasedOn-Symptom?nodéd=0%3A1&t=kvtZtQONNLQuU8Q7¥y1 )



https://www.figma.com/file/SorKmiK6d3M9Txi5gp6HPO/Mobile-Application-For-Disease-Prediction-Based-On-Symptom?node-id=0%3A1&t=kvtZtQQnNLQu8Q7y-1
https://www.figma.com/file/SorKmiK6d3M9Txi5gp6HPO/Mobile-Application-For-Disease-Prediction-Based-On-Symptom?node-id=0%3A1&t=kvtZtQQnNLQu8Q7y-1

3.7 Summary

In summary, the phase of requirement analysis and desigagawple and edg understandble
structure of the system @mobile application for disease prediction using artificial intelligence.

All the diagramis designedo give a reference and guidance to complete this study or achieve the
goals without any suesoccurring Through the diagram, there wexdéew features such as chat
cornversation, disease prediction, requesting disease detail and precaution, history viewing and
profile update or edit should contain in the system. This may help the usertte gest experience

when using this application.

55



4.0Chapter 4 Implementation and Testing
4.1 Introduction

In this chapter, it comes to the implementation and testing phase which was the most important part
to get an output and result from this project or study. Implementation can be considered as how
was the process and plan for completing the system. Theeeafeav benefits of implementation

and testing such as it can help to improve certain interfaces or prastyffat developes can
understand the system easily, providinigetterquality of output or user experience to ssamd

SO on.
4.2 Implementation Process
4.2.1PyCharm Library Install

To start the implementation phase, the PyCharm software was used to develop the disease
prediction system using Atrtificial Intelligence by usidgghon programming language and

the version wa®ython 3 The kelow figureshowswhatPython packageor libraiessuch

as kivy, scikitlearn,sqlite3 pandas and so on should install or import to ensure the system

operats correctly:

e main.py e? training.py ch api.py e model.py = model_api.py

yout import AnchorLayout

Window
abel
.button img Button

.uix.popup import Popup

Builder
t Clock
nager ir ScreenManager
rk.urlrequest UrlRequest
.properties import StringProperty, NumericProperty, ObjectProperty, ListProperty
bbrowser

warnings

ort certifi as cfi

Figure 4.1: Library Importin MainPython File
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e main.py e training.py e machine.py

pickle

port pandas s pd

sklearn.model_selection import cros
sklearn import model_selection

e main.py e training.py =4

random
import json
import pickle
import numpy as np
t nltk
rt tensorflow

nltk.stem impc WordNetLemmatizer
keras.models import Sequential
keras.layers import Dense, Dropout

keras.optimizers import

e main.py e training.py

hrp numpy np
from kivy.utils import platform

if platform ==
from jnius i

e main.py e training.py e y . e e model_api.py e machine

fastapi imp FastAPI
pydantic import BaseModel
~t pickle

~t uvicorn

sklearn.ensemble import RandomForestClassifier
sklearn import model_selection

starlette.middleware.cors import CORSMiddleware
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Figure 45: Library Importln Machine LearnindModel FastAPI Python File

e main.py e training.py e chatbot_api.py e model.py e model_api.py # machine.py

tetime import datetime
from fastapi import FastAPI
dantic import BaseModel

uvicorn

imy json

import nltk
numpy as np
random

t os

starlette.middleware.cors import CORSMiddleware

nltk.stem import WordNetlLemmatizer
ensorFlowModel
from nltk.corpus import wordnet

Figure 4.6: Library Importin ChatBot Model FastAPI Python File

From Figure4.1, kivy was a package d¢tythonused to develop a framework of mobile
application interface and the layout, label, butjpopup, screen manager and so on were
imported from the kivy package. The screen manager from the kivy package helps to switch
the different pages which were in difént kv files of the prototypeThe kvy package also

was importanin helping the system to geteresuls of prediction fromthefastapi website
usingthe kivy urlrequest featur@\Next was the scikitearn packagé&om Figures 4.2 and

4.5 help to trainthe machine learning model which helps to aghlmachine learning
algorithm for the disease prediction procdssdeploy the machine learning algorithm

android mobile phong it was easier to ughe fastapi and uvicorn packag® load the
machine larningand chatbotodel usinghewebsite Besideghat,the nltk package which

was used for Natural Language Process$iom Figure 4.3, 4.4 and 4was also installed

to complete the disease prediction process since the Al Chatbot feature was proposed in the
systemSqlite3package was installed too to provide the database to the system to store and
retrieve the data which is needed in the sysfEine. otherpackagse were pandas which

helps to read and write the cdile which was about the database used, numpy package

whichhelpsto provide support for large, multimensional arrays and matricensorflow
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with keraspackage whichcan provide a swable framework for building and training
different or various type of machine learning and neural network model and pickle package
which help to convert an object into a bgteeam that can be stored in a file or a database.
There were still minor packagé¢hat needed to be installed for the development of the

system without any errepccurring.
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4.2.2 DatasetUsed

There were afew dataset used to develop the machine learning model for disease
prediction based on the symptoms and loadextlvis system. The dataset wasicsv file
named datasethich contailsthedisease with respective symptgregmptonsdescription,

symptoms precautioand symptoms severity.

{8 Disease _Symptom_ Symptom_Symptom_Symptom_Symptom_Symptom_Symptom_Symptom_Symptom_Symptom_Symptom_Symptom_Symptom_Symptom_Sympto

Fungal inféitching  skin_rash nodal_ski dischromic _patches

Fungal inf¢ skin_rash nodal_ski dischromic _patches

Fungalinfeitching  nodal_ski dischromic _patches

Fungalinfeitching  skin_rash dischromic _patches

Fungal infeitching  skin_rash nodal_skin_eruptions

Fungal inf¢ skin_rash nodal_ski dischromic _patches

Fungal infé¢itching  nodal_ski dischromic _patches

Fungal infeitching  skin_rash dischromic _patches

Fungal inféitching  skin_rash nodal_skin_eruptions

Il Fungal infeitching  skin_rash nodal_ski dischromic _patches
continuot shivering chills watering_from_eyes
shivering chills watering_from_eyes
continuot chills watering_from_eyes
continuot shivering watering_from_eyes
continuot shivering chills
shivering chills watering_from_eyes

0~ ;B W

dataset

) Disease | Description
b8l Drug Reac An adverse drug reaction (ADR) is an injury caused by taking medication. ADRs may occur following a single dose or prolonged administration of a drug or resu
. Malaria  An infectious disease caused by protozoan parasites from the Plasmodium family that can be transmitted by the bite of the Anopheles masquito or by a conta
AHergy An allergy is an immune system response to a foreign substance that's not typically harmful to your body.They can include certain foods, pollen, or pet dander,
Hypothyrc Hypothyroidism, also called underactive thyroid or low thyroid, is a disorder of the endocrine system in which the thyroid gland does not produce enough thyro
Psoriasis Pscriasis is a comman skin disorder that forms thick, red, bumpy patches covered with silvery scales. They can pop up anywhere, but most appear on the scalp
nGERD Gastroesophageal reflux disease, or GERD, is a digestive disorder that affects the lower esophageal sphincter {LES), the ring of muscle between the esophagus
Chronic chChronic cholestatic diseases, whether occurring in infancy, childhood or adulthood, are characterized by defective bile acid transport from the liver to the intesq
n hepatitis #Hepatitis A is a highly contagious liver infection caused by the hepatitis A virus. The virus is one of several types of hepatitis viruses that cause inflammation an
Dsteoarth Osteoarthritis is the most common form of arthritis, affecting millions of people worldwide. It occurs when the protective cartilage that cushions the ends of yg
{vertigo) P Benign paroxysmal positional vertigo (BPPV) is one of the most common causes of vertigo 4€” the sudden sensation that you're spinning or that the inside of y
Hypoglyce Hypoglycemia is a condition in which your blood sugar (glucose) level is lower than normal. Glucose is your body's main energy source. Hypoglycemia is often
Acne Acne vulgaris is the formation of comedones, papules, pustules, nodules, and/or cysts as a result of obstruction and inflammation of pilosebaceous units (hair
Diabetes Diabetes is a disease that occurs when your blood glucose, also called blood sugar, is too high. Blood glucose is your main source of energy and comes from thg
\mpetigo Impetigo {im-puh-TIE-go) is a common and highly contagious skin infection that mainly affects infants and children. Impetigo usually appears as red sores on t
Hypertens Hypertension {HTN or HT), also known as high blood pressure (HBP), is a long-term medical condtion in which the blood pressure in the arteries is persistently

symptom_Description

Figure 4.8: Dataset Symptom Description (Description Of Disepse
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| Disease .Precautior Precautior Precautior Precaution_4
Pl Drug Reac stop irritaiconsult nestop takinifollow up
Malan’a Consult neavoid oily avoid non keep mosquitos out
AHergy apply calaicover area with band use ice to compress itching
Hypothyrc reduce strexercise  eat health get proper sleep
nPson'asis wash hancstop bleed consult dosalt baths

nGERD avoid fattyavoid lying maintain f exercise

Chronic cheold baths anti itch r consult do eat healthy

nhepatitis £Consult newash hancavoid fatty medication
Osteoarth acetamincconsult nefollow up salt baths

{vertw’go} Pliedown avoid sudcavoid abrt relax

Hypoglyce lie down ocheck in pidrink suga consult doctor

Acne bath twice avoid fatt drink plenavoid too many products
Diabetes have balarexercise  consult dafollow up
\mpetigo soak affec use antibicremove sc consult doctor
Hypertens meditatiorsalt baths reduce str.get proper sleep

symptom precaution

2 1
sk\'n_rash 3
ncdal_skir 4
cont\'nuou 4
nshivering 5
[ 7 (S 3
joint . pain 3
nstcmach_| 5
10 Se 3
ulcers_on_ 4
musc\e_w. 3
vom\'ting 5
burm'ng_n 6
spotting_t 6
fatigue 4

Symptom-severity

Figure 4.10: Dataset SymptorBeverity(SeverityOf Symptom$
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Link

Dataset Name

File Name

Size of Data

https://www.kaggle.com/

datasets/itachi9604/dise

sesymptomdescription

dataset

Diseases and
Symptoms

dataset.csv

Row: 4921
Column: 18
File size: 1339
kb

Diseases Descriptio

Symptom_Description.cs

Row: 42
Column: 2
File size: 11kb

Diseases Precautior

Symptom_Precaution.csy

Row: 42
Column: 5
File size: 4 kb

Symptoms Severity

Symptom_Severity.csv

Row: 134
Column: 2
File size: 3 kb

Table 4.1: DatssetSource
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4.2 .3Chatbot Model

In this study or project, the chatbot was trained as a moddbadddin the main Python
file to undergo automatic rapkto conversatioawith theuser in the system or application.
The tensorflow keras method was used to build the chatbot model with the neural network

knowledge and Natural Language Processing to understand the message tihpusés

= main.py = training.py nt e* machine.py
nltk.download(

nltk.download('pL
~ = WordNetLemmatizer()
intents = json.loads( ('inte

description_intents = json.loads( C = ipt int fs.Js J.read())
precavtion_intents = json.loads( C auti int Fs.Jjs ).read())

documents

ignore_letters = [

for intent in intents['intents
for pattern in intent[
word_1list = nltk.word_tokenize(pattern)
words.extend (wo st)
documents.append((word_list, intent['tag']))
if intent['tag'] not in classes:
classes.append(intent['tag'])
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Figure 4.12: Json File Useén Chatbot Model

In Figures4.11 and 4.12 he lemmatizer and tokenizer features were used from the nltk
package andownloaded the wordnet toolkit for the word sense disambiguation, semantic
similarity and word similarity calculations. After that, the json file that included what
should the chatbatspond tovhen receivinga specified pattern of messag®as created

for building this chatbot model. There were two more json files for disease description and
disease precaution for the modehe looping was then used to tokenize each of the json
files and store the pattern as words and the tag in the json file as dglaasgscumentor

later used.

e main.py e® training.py = machine.py

training.append([bag, output_row])
random.shuffle(training)
training = np.array(training,

train_x (training[:, 1)

train_y (training[:, 11)

model = Sequential()

model.add(Dense( . =( (train_x[21),),
model.add(Dropout( )

model.add(Dense(64, ='relu'))
model.add(Dropout( )

model.add(Dense( (train_y[6]1),

sgd = SGD(
model.compile( =

hist = model.fit(np.array(train_x),

converter = tf.lite.TFLiteConverter.from_keras_model(model)
tflite_model = converter.convert()

with C el.tflite", ) as
file.write(tflite_model)
("Done")

Figure 4.13: Chatbot Model Trained (Paftvo)

The next step after the tokenization and lemmatizatfowordswereto storethemin a
model using the tensorflow keragth theneural network knowledgaethod Before using
the neural network, the words, classes or any characters will be needed to change to
numerical.Finally, the keras model was then converted and savéwetensorflow lite

model.The model will be loaded by ung the website which contafastapi features.
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4.2.4 Machine Learning Model Using Jupyter Notebook

Before starting to build the machine learning model, difeerent machine learning
algorithms were tested to see which one gavebdstevaluation performance using +1
score and accuracyhen the best machine learning algorithm will be used in the system to
undergo the prediction procesehis process was done usirge tlupyter Notebook by
calling the command from the termiraf the PyCharm. In the beginning, the libraries or
packages needed were imporgedusuabnd read or loaded the csv file which contain the
symptom and disease dafde rext step was to undergitata preprocessing clean the

irrelevant data and check for empty data.

In [2]: dmport pandas as pd
import numpy as np
inport watplotlib,pyplot as plt
from sklearn.model_selection import train_test_split
from sklearn.svm import SvC
from sklearn.tree import DecisionTreeClassifier
from sklearn.neighbors import KNeighborsClassifier
from sklearn.naive_bayes import GaussianMB
from sklearn.ensenble import RandomForestClassifier
from sklearn.model selection import cross_val score
from sklearn.metrics import f1_score, accuracy score, confusion_matrix, precision_score, recall_score
import seaborn as sns

df = pd.read csv('C:\\Users\iUser\\PycharaProjects\\fyprer3.8\\Data\\dataset. csv')

In [3]: df.head()

tut[3]:

Disease Symptem_1 Symptom_2 Symptem_3 Symptem_d Symptom 5 Symptem 8 Symptom 7 Symptom & Symptem_9 Symptam_10 Sympter
Fungal - . . . dischrarmic

0 infechon itching shin_rash  nodal_skin_eruptions patches NaM Mah ekl L= Mak Nal

1 ian;;Z%?W‘ skin_rash nodal_skin_enptions  dischromic _patches Mahi Nah Hatl MHahl Mahl Mal hah

2 ini;';%ﬂ itching  nodal_skin_eruptions  dischromic _patches Mal Mah Mal Mah Mah Mah haM

3 Funggal . . ) )
infection itching shin_rash  discheornic _patches Wal MNah Mahl Nahl Mah MNal NalN

g Fum oy in_rash  nodal_skin_erups Nahl el el Nl Nl Nl Nall
infection itching shin_razh nodal_skin_eruptions d El El El El 3l £

q [

Figure 4.14: Machine Learning Model Trained Using Jupyter Noteb(dita
Preprocessing)
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In [179]: data = df.iloc[:,1:].values
labels = df[ ‘'Disease'].values

In [180]: |x_train, x_test, y train, y test = train_test split(data, labels, shuffle=True, train size = 0.25)
print(x_train.shape, x_test.shape, y train.shape, y test.shape)
(4182, 17) (738, 17) (4182,) (738,)

In [181]: model = SVC()
model. fit(x_train, y_train)

ut[181]: sve()
In a Jupyter environment, please rerun this cell to show the HTML representation or trust the notebook.
On GitHub, the HTML representation is unable to render, please try loading this page with nhviewer.org.

In [182]: |preds = wodel.predict(x_test)

In [183]: |svc_score = cross_val score(model, x_test, y test, cvs5)
print{stc_score)

[8.79054054 B, 83102108 0.77627027 0,78231293 0.76196476]

Figure 4.15: Support Vector Machine Model Trained Usihgpyter Notebook

In [21]: cont mat = confusion matrix(y test, preds)
df_cm = pd.Dataframe(conf_mat, index=df['Disease’].unique(), columns=df[ 'Ciscase’].unique())
print('Fl-score% =', 11 score(y test, preds, averape='macro')*100, '|', 'Accuracy® =', accuracy score(y test, preds)*1o0, '
sns. heatmap(df_cn)

Fl-scoref = 02.37675065016466 | Accuracy¥ = 92.6820268202683 | Precision® = 93.608303854638597 | Recall® = 92.6829268202683

out|21]: <Axes: »

Fungal infection 4
GERD

Drug Reaction

ADS

Gastroententis
Hypertension

Cervical spondylosis
Jaundice

Chicken pox

Typhoid

Hepatitis B

Hepatitis D

Alcoholic hepatitis
Common Cold
Dimorphic hemmorhoids(piles)
Varicose veins
Hyperthyroidism
Osteparthristis
(vertigo) Paroymsal Positional Vertigo
Urinary tract infection
Impetigo

=25

- 20

| infection
GERD
‘oenteritis -
ertension
rondylosis
licken pox
Typhoid
lepatitis B
epatitis D
hepatitis
mon Cold
sids(piles)
‘ose veins
hyroidism
sarthristis -
al Vertigo
¢ infection
Impetigo -

Figure 4.16: Support Vector Machine Mod@&lrained Result
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In [185]: model? = DecisionTreeclassifier()
nodel2, fit(x_train, y_train)

0ut[185]: pecisionTreeClassifier()
In aJupyter environment, please rerun this cell to show the HTML representation or trust the notehook,
On GitHub, the HTML representation is unable to render, please try loading this page with nbviewer.org,

In [186]: preds2 = wodel2,predict(x_test)

In [187]: decision_score = cross_val _score{model?, x_test, y test, cv=5)
print(decision score)

[@.96621622 0,96621622 0.9527027 @.96598630 0,97278912]

Figure 4.17: Decision Tree Model Trained Using Jupyter Notebook

In [25]: conf_mat = confusion_matrix(y_test, preds2)
df_cw = pd.patarramecont_mat, index=df[ ‘Disease’].unique(), columns=df[ Disease’].unique())

print( 'F1-scoref =", ¥1 score(y test, preds?, averages'macro')*100, '|', 'Accuracy’ =', accuracy score(y test, preds2)®ioo,

sns.heatnap(df_cm)

F1-scoref = 99,54950548618176 | Accuracyh = 99.45799457994579 | precision¥ = 99,50055590299492 | Recalli = 99,457994579945

79

Dut[25]: <cAxest »

Fungal infection 4
GERD

Drug Reaction

AlDS

Gastroenteritis
Hypertension

Cervical spondylosis
Jaundice

Chicken pox

Typhoid

Hepatitis B

Hepatitis D

Alcoholic hepatitis
Common Cold
Dimorphic hemmorhoids(piles)
Varicose veins
Hyperthyroidism
Osteoarthristis
(vertigo) Paroymsal Positional Vertigo
Urinary tract infection
Impetigo

-25

- 20

nfection
GERD
teaction
AIDS
2nteritis -
tension -
ndylosis
aundice
ken pox
Typhoid -
patitis B
patitis D
epatitis
ion Cold -
is(piles) -
se veins
rroidism
rthristis
Vertigo
nfection
npetigo

Figure 4.18 Decision Tree Model Trained Result
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In [189]: model3 = RandonForesttlassifier()
model3, fit(x_train, y_train)

Qut[189]% Randonforest(lassifier()
In 2 Jupyter environment, please rerun this cellto show the HTML representation o trustthe notebook
On GitHub, the HTHIL representation is unable to ender, please try laading this page with nbviewer.org,

In [198]: preds3 = nodeld. predict(x test)

In [191]: randon score = cross val score(model3, x test, y test, cveb)
print{randon_scora)

[0,97297267 ,98648649 8,97297297 0,97939184 9,99319728]

Figure 4.19 RandomForest Model Trained Using Jupyter Notebook

In [39]: cont mat = confusion matriz(y test, pregs3)
tf cm = pd.DataFrame(conf mat, index=df[ 'Disease’].unique(), colums=df[ Disease'].unigue())

print('F1-scoref =', 11 score(y test, preds3, averages'macro' Y100, '|', "Accuracy® =', accuracy score(y test, preds3)tlo0,

sns. heatmap(df_cm)

Fl-scorek = 99.54950548618176 | Accuracys = 99.45799457994579 | Precisionk = 99.50055500299492 | Recallk = 99.4579945799

4579

Out[38]: ¢Axos: ¥

Fungal infection 4

GERD .35

Drug Reaction

AIDS

Gastroenteritis
Hypertension -90

Cervical spondylosis

Jaundice

Chicken pox
Typhoid 15

Hepatitis B

Hepatitis D

Alcoholic hepatitis
Common Cold 10

Figure 4.20: Random Forest Model Trained Result
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In [193]: nodeld = kmeighborsclassifier()
nodeld. fit(x_train, y_train)

out[193]: kneighborsclassifier()
In a Jupyter environment, please rerun this cell to show the HTML representation or trust the noteboak
©n GitHub, the HTML representation is unable to render, please try loading this page with nbyiewer.org.

In [194]: preds4 = modeld.predict(x_test)

In [195]: neighbors_score = cross_val_score(wodeld, x_test, y test, cv=5)
print(neighbors_score)

[D. 89864865 0.93243243 3.87837838 8.91156463 0.91517007]

Figure 4.21: K-Nearest Neighbors Model Trained Using Jupyter Notebook

In [33]: conf_mat = confusion matrix(y test, predsa)
df_cm = pd.DataFrame(conf mat, index=df['Disease'].unigue(), columns=df[‘Disease’].unique())
print{'F1-scoref =", f1_score(y test, predsd, average='macro')*100, '|', 'Accuracy® =", accuracy score(y test, predsd)*10e,
sns. heatmap(df_cm)

Fl-score® = 99.47788996774445 | Accuracy® = 99.322493224937224 | Precision® = 99,39618594432559 | Recall® = 99.322493234932
24

out[33]: chxes: >

Fungal infection -
GERD -5
Drug Reaction
AIDS
Gastroenteritis
Hypertension - 20
Cervical spondylosis
Jaundice
Chicken pox 15
Typhoid
Hepatitis B
Hepatitis D
Alcoholic hepatitis L 10
Common Cold
Dimorphic hemmorhoidsi{piles)
Varicose veins
Hyperthyroidism
Osteoarthristis
(vertigo) Paroymsal Positional Vertigo
Urinary tract infection
Impetigo

wn

fection
GERD
=action
ADS
nteritis -|
‘ension
dylosis
iundice
[en pox
yphoid
atitis B -
atitis D
apatitis
on Cold
s(piles)
& veins
oidism |
thristis
Vertigo
fection
ipetigo -
o

Figure 4.22. K-Nearest Neighbors Model Trained Result

In [197]: nodels = Gaussianng()
nodels, fit(x_train, y_train)

Qut[197]: Gaussiang()
In a Jupyter environment, please rerun this cell to show the HTML representation or trust the notebook.
On GitHub, the HTML representation is unable to render, please try loading this page with nbviewer.org.

In [198]: |preds5 = nodelS.predict(x_test)
In [199]: gaussian_score = cross_val _score(models, x_test, y_test, cv=5)
print(gaussian_score)

[©.B1756757 0.B6486485 0.87162162 0.85714286 B.8707483 ]
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Figure 4.23. Gaussian Naive Bayes Model Trained Using Jupyter Notebook

mn [37]: conf_mat = confusion_matrix(y_test, predss)
df_cm = pd.DataFrame(conf _mat, Index=df[ 'Disease’].unigue(), columns=df['Disease’].unigue())
print('F1-scoreX =, f1_score(y_test, preds5, averages'macro')*166, '|', ‘Accuracy® =', accuracy_score(y_test, predss)*lea,
sns. heatmap{dt cm)

C:hUsersiuseriPycharmProjectsitypvers, o\ venvy libisite-packages' sklearnimetricst classitfication.py:1344: undetinedietricWar
ning: Precision 1s ill-cdefined and being set to 2.0 In labels with no predicted samples. Use “zZero_division” parameter to
control this behawior.

_warn_prf(average, modifier, msg start, len(result))

Fl-scoref = 84,9266585505496 | Accuracy® = B5.63685636856368 | Precision® = £6.531783423093988 | Recallt = B5.636E563685636
8

OUL[37]: <Axes: »

Fungal infection -
GERD
Drug Reaction
AIDS -2
Gastroententis
Hypertension
Cervical spondylosis
Jaundice - 15
Chicken pox
Typhoid
Hepatitis B
Hepatitis D |10
Alcoholic hepatitis
Commen Cold
Dimorphic hemmorheids(piles)
Varicose veins
Hyperthyroidism -5
Osteoarthristis
(vertigo) Paroymsal Positional Vertigo
Urinarv tract infection

Figure 4.24: Gaussian Naive Bayes Model Trained Result

From figures 4.14 to 4.24 thogerovided abovethe Random Forest Classifier frdire
scikit-learn package gave thest evaluation performancetbe F1-score and accuracy
score. Therefore, the Random Forest model was trained and lotmite main page

when starting the Al Chatbot ceersation.
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4.25 Random Forest Model

The scikitlearn package was used in the system to get the Random Forest Classifier and
build the machine learning model for the disease prediction process. This step begins before
declaring the Random Forest Classifier in the code as usual in the Miptgbook which
underwent the data preprocessing of the given data thmrspecific csv file. Data
preprocessing helps to clean the unused data, filled empty data andisdhenend, a

model trained will be savesk a pickle file anthe same chatbot natel will be loaded ito

a website to undergo the prediction process

e main.py e® training.py = machine.py

rn.ensemble import RandomForestC
rn.model_selection import cross

import model_selection

df = pd.read_
dfl = pd.read_
df.isna().

df.columns
df[cols].values.flatten()

.Series(data)
ipQ)
.values.reshape(df.shape)

f = pd.DataFrame(s, =df.columns)
df = df.fillna(g)

].unique()

(symptoms) ) :

mptoms[i]] dfl[df1[ symptoms[i]] eight'].values[@]

val =cols)

d = d.replace(

d d.replace(
df = d.replace('F
(df[cols] == B).all()

df['Disease'].value_counts()

Figure 4.25: Random Forest Model
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4.2 6 Tensorflow Lite Model

To execute théensorflow kerasnodel intheandroid platform, the tensorflow lite act as an
important role to load the tensorflow lite model @atirun on android mobile phoaelhe
keras model is a higlevel neural network API that provides an interface for building and
training deep learningiockls,andthis requireshuge memory andpowerful CPU or GPU

to load it. The ensorflow Lite model is a lightweight model for developing machine

learning models on mobile phaser Macs.

= main.py e® training.py chatbot_api.py = model.py =* model_api.py e machine.py

y.utils import platform

if platform == 3 i
from jnius import autoclass

File = autoclass('java.i
Interpreter = autoclass(
InterpreterOptions = autoclass(
Tensor = autoclass(

DataType = autoclass(
TensorBuffer = autocl

ByteBuffer = autoclass('java

s TensorFlLowModel():

def load( , model_filename, num_threads=None):
model = File(model_filename)
options = Interpr rOptions()
if num_threads is
options.setNumThreads(num_threads)
.interpreter = Interpreter(model, options)
.allocate_tensors()

locate_tensors(
.interpreter.allocateTensors()
-.input_shape = .interpreter.getInputTensor(8).shape()

Figure 4.26: Loaded Tensorflow Lite Model

From figure4.26 it separéges into two parts which consist thfe android platform andhe
window platform then this allows this model able to execute in android mobile or window

platform.
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4.27 Kivy Package

The method used to switch between the pages of the system was using the screen manager
of the kivy package, which waa .kv file in shot form. The kivy fileis mostly used to

define the structure and appearance of the interface and declad3tion file. By using

theuis in thekivy package, the layoutsich as Grid Layout, Box Layout and sowidgets

such as Button, Label, Popapd so onproperties and event handlers can be defined in a
more concise and readable waerefore, it was importambr thekivy packageo run an
important role to connect witthe Bithon files. But it was optional to be used and the
interfacewasstill able to define directly ifPython code without separate kivy language

file. There were some examples from this project or study:

= main.py =* training.py =* chatbot_api.py = model.py = model_api.py = machine.py = parent.kv
Screen:
name: "main"
: email
id: passwd

btn_log: btn_log
GridLayout:

th, root.height
Image:
source: "chatbot2.png"™

GridLayout:

cols:2
Label:
"Email: "
ynd_color: (211/2

rgba: self.background_color

self.size

color: O,

bold: True

TextInput:
id: email
multil
hint_text: "Enter Email’

pos_hint {'center_x': 0.5, 'center_y': 0O.705}

size_hint: .8, .2

Figure 4.27: Kivy File Of Main Page (LoggindProces}k
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= main_py
Screen:
name:

username:

age:

body_weight:
body_height:

gender:
email:
phone:
passwd:

confirm_passwd:
btn_p

btn_p:
btn_cp:

= training.py

=? chatbot_api.py e model py = model_api.py = machine.py = parent.kv

"register™

username

age

body_weight
body_height

gender

email
phone

passwd
confirm_passwd

btn_cp

= register.kv

GridLayout:
cols:1
size: root.width, root.height

GridLayout:

cols:1

Label:

text:"Registration From"
N -
background_color:

size_hint:
(255/255,192/255,283/255,1)
canvas.before:
Color:
rgba:
Rectangle:

self.background_color
size: self.size
pos: self.pos

color:

0,0,0,1

Figure 4.28: Kivy File Of Register Page (Register Process)

& main.py & training.py e chatbot_api.py e model.py & model_api.py ® machine.py = parent.kv = register.kv = history.kv

<History>
size_hint_y: None
.02}

.width,

T

self

pos_hint:
text_size: None
height: self.texture_size[1]
padding: 18, 16

e,0,0,1
canvas.before:

color:

Color:

rgb: (@, 176/255, 1)
RoundedRectangle:

self.width,

255/255,
size: self.height
pos: self.pos

radius: [10, 18, 10, 10]
Screen:
name: "history"
scroll_view: scroll_view
history: history

history_list: history_list

GridLayout:
cols:1
size: root.width, root.height

FloatLayout:
size_hint: .8,
canvas:

Color:
rgb: (255/255,192/255,203/255,1)

Label:

id: history

Figure 4.29: Kivy File Of History Page (History Process)




4.28 Render.com

Render was platform for website hosting of the fastaptiedmachine learning model and
chatbot modellt provided a cloud platform that provides a streamlined and modern
approach to web applications and of course with other features too. It offered a wide range
of services to helgleveloperseasily deploy, manage and scale their applications in the
cloud.

render Dashboard Blueprints Env Groups Docs Community Help shengweid31@gmail.com v

Overview

Q Search services

NAME STATUS TYPE RUNTIME REGION LAST DEPLOYED ¥
@ chatbotapilatest2 ® Deploy succeeded Web Service Python 3 Oregon a month ago
@ diseaseapiv3.5 ® Deploy succeeded Web Service Python 3 Oregon a month ago

Figure 4.30: Render Dashboard

shengwei33l@gmail.com v

render Dashboard Blueprints Env Groups Docs Community Help =

@ WEB SERVICE

chatbotapilatest2 Fythona Free ' Connect v |

() Stephenhng/chatbotapi ¥ main

https:{/chatbotapilatest2.onrender.com (&

Events @ Free instance types will spin down with inactivity. Upgrade to a paid instance type to prevent this behavior. Learn more. ‘

Logs

Server health

Disks v Y
June 9, 2023 at 10:53 PM

Environment

Server unhealthy

Shell
® I Ranout of memory (used ower 512MB) while running your code.

PRs June 8,2023 at 10:53 PM
Jobs . , .

Deploy live for d367a97: Add files via upload

[

Metrics June 6, 2023 at 6:00 PM
Scaling o

Deploy canceled for d367a97: Add files via upload
Cattine . Another deploy started Rollhack

Figure 4.31: RenderFor Chatbot Model (Linkhttps://chatbotapilatest2.onrender.gom
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https://chatbotapilatest2.onrender.com/

render Dashboard Blueprints Env Groups Docs Community Help shengwei33i@gmail.com v

@ WEB SERVICE
diseaseapi\.’3.5 Python3  Free Connect v

) Stephenhngfapidisease b main

hups:f/diseaseapiv3-5.onrender.com (&

Events @ Free instance types will spin down with inactivity. Upgrade to a paid instance type to prevent this behavior. Learn more. ‘

Logs
. Deploy lve for see2454: Update model_api.py
Disks
[
June 4, 2023 at10:15 PM
Envirenment

Deploy canceled for see2asd: Update model_api.py

Shell
@ Another deploy started Rollback

PRs June 4,2023 2110412 PM
Jobs

Deploy started for 5ee2454d: Update model_api.py
Metrics & Manually triggered by you

June 4,2023 at10:12 PM
Scaling
Settings Deploy started for see2asd: Update model_api.py

Figure 4.32 RenderFor Machine Learning Model (Linkattps://diseaseapiv3

5.onrender.com

From the figure above, the two model ARVere created and hosted usiting Render
platform and the links after hosting were used in the system to post the data into APl and
get resuls to the system. Before hosting the API into the website, the file needed will be
required to upload to github and connect the Render platform with the github using the

account which consisted of that directory.

¥ main ~ ¥ 1branch @ 0tags Go to file Add file ~
® Stephenhng Add files via upload v d367a297 onJun 6 ) 52 commits
O Procfile Update Procfile last month
O chatbot_apipy Update chatbot_api.py last month
[ classes.pkl Add files via upload last month
[ description_intentsjson Add files via upload last month
3 intentsjson Update intents.json last month
O modelpy Add files via upload last month
O model tflite Add files via upload last month
[ precaution_intentsjson Add files via upload last month
[ requirements.txt Update requirements.txt last month
O runtime.txt Add files via upload last month
O wordspkl Add files via upload last month
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https://diseaseapiv3-5.onrender.com/
https://diseaseapiv3-5.onrender.com/

Figure 4.33. GithubFor Chatbot Model

@ apidisease (Puic
¥ 1branch 0tags

¥ main ~

@ Stephenhng Update model_apipy

B Data Add files via upload

B3 MasterData Add files via upload

4 Procfile Update Procfile

[y model_apipy Update model_apipy
[ requirsments.txt Update requirements.txt
[y rfcmodel pkl Add files via upload

4 runtimete Add files via upload

Go to file

42 Pin

Add file ¥

Se@245d onJund

& Unwatch 1

<> Code ~

M 1 commits

last month
last month
2 months ago
last month
last month
2 months ago

2 months ago

Figure 4.34: Github For Machine Learning Model

The important file that must be included in the Github directory was the requirement file
that contains the structure of which package should be installed into the website. Besides
that, themachine learning and chatbot modedtthad been trained iRyCharmalso need

to be uploaded to the respective Github directory.
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4.29 Buildozer with Google Colaoratory

Google Colaboratory also known as Google Colab, was a kind of-blaset lile the
JupyterNotebook provided by Google company. It helped and allowed the developers to
write, execute and share Python codiéwayof theweb browser. In this study or project,

the buildozer for building apk from a kivy Python code will be used and built an apk file

thatcandeploy to android mobile devices.

n o
o B [1 lpip dnstall buildozer
(1) o Locking in indeves: hiinsi//nvpl,orefsisele, httns:/fus-prthon phe, dev/colsh-sheels/mublic/simplel
» B .config o Gollecting buildozer
» B -ipynb_checkpoints Downloading buildozer-1. 5. 0-py3-nome-any. whl (86 kB)
(m] Dat 85.9/86.9 kB 3.0 MB/s eta (:00:00
~ I Data Requivement alvesdy satisfied: pezpect in fuse/local/lib/python3. 10/dist-packages (from buildezer) (4.3.0)
Tesling.cev i Collecting virtualeny (from buildozer)
B Training.cov Downloading virtualenv=20. 23, 0-py3-none-any. shl (3.3 1B
L33 IR 4L 0 WB/s eta 0:00:00
[ dotaset.osv Callecting sh (from buildozer)
~ [ MasterData Downloading sh-2. 0. 4-py3-none-ang whl (38 k3)
. Reauirenent alreads satisfied: ptyorocess>=0,5 in /usr/local/lib/orthend, 10/dist-packsges (from pespect-rbuildozer) (07,00
B Symptom Descrption.csv Collecting distlibcl, 520, 3,6 (fron virtualenv-dbuildozer)
[ symptom_Frecaution.csv Downloading dist1ib-0. 3. 6-ps2 py3-none=any. whl (466 kE)
| Symptom Severty csv 468, 5/468. 5 1B 40.9 IB/s eta 0:00:00
Requirement already satisfied: filelock<d, »=3. 11 in Jusr/local/lib/python3. 10/dist-packages (from virtualenv-ybuildozer) (3.12.0)
B chatbatpng Requirement. alreads satisfied: platforadirséd, 13,2 in Jusr/local/1iblpythond. 10/dist-packases (fron virbualens->buildozer) (3.3.0)
B chatbot2.png Installing collected packages: distlib, sirtualeny, sh, buildozer
B contentk Successfully installed buildozer-1.5.0 distlib-0. 3.6 sh-2.0.4 virtualens-20.25.0
B disease.db
B forgetky [1 Ipip install eythen==0.2%. 34
I historyky Locking in indexes: https://pypi. orefsizple, https:/fus-python pke, dev/colab-shesls/piblic/simple,
i main.py Requirenent alreads satisfied: cython==0.29.34 in /usr/local/lib/orthon3, 10/dist-packages (0. 29.34)
B parentky
B profleky [] lsudo sptget install -y }
B registerky pythend-pip |
< build-essential \
B setling kv -
a P - git
S — FIFIFFkEEE]: 8443 GB nothend
a
Figure 4.35: Buildozer with Google Colaboratory (Install Required File)
Q hbkbpe )
[1 !buildozer init
o.
] VM config A Buildozer is running as roct!
Tais 15 not recommended, and may lead to problems later,
5 » I ipynb_checkpoints fre ou sure you want to contime [p/nl? ¥
~ [ Dala File buildozer. spec created, ready to custemize!
B Testingesy rleoO0f@E
B Training.csy O buildozer -7 android debug
datasel.oev y _ . -
& P H A TN, AR AR A 5000 TR E
- W MasterData CompiLing ' /cantent/, buildozer/andraidfplatfarn/but | d-arné4-véa_armeabi~+7a/buili/python-instal 1s/diseasexssa/arnbd-via/pyencnts/ lexers jsomet. e ..
B Symptom Descripiion.csy Conpi Ling * /eontent/. bui Ldozery androd dfnl atForn/bui |d-armfd-vEa_armeahi-vTa/bui la/python-insta | 1s/di seasexzra/arnéd -véa/oyements/ |=xe~m iulian
. Symplom_Presauion.csv Canpiling */ /. buri L dozer/ andrai dfpl atfornsbui | d-amfd-vEa_armeahi-+Tabui | d/python-instal 15/ diseasexaya/arnéd-vda/prenents/ lexers/ jm. py’ . .
) Canpiling "/ °nt/.buildn:erfandrald/platfu:wbu'.ld-amE4-\'Ea_armeahi-v?at't4ilufp}'thm-mstalls,’diseasexxyzfarméi-ﬂsa/p)gmentsllwersfkun ¥ .
[ Symptom Severity.cov 111 zer/androld/plat forn/but | d-arnBd-via_urmeabi=vTa/bui 1d/py thon-insta 1 1s/diseasexsyr/arubd-vBa/pyenents/ lexers/ 111
B chetbol prg er/androi d/plat forn/bui 1d-armEd-yBa_wrmeabi-yTa/bui 1 /py thon-instal 1s/ sozfarubd-viu/pyements/ Tugers/
chath lozer/androi d/platfarn/bui L d-arnéd-via_armeabi-vTa/bui ld/py thon-i whd-via/ pyguents/ legers/mazaulays py’ .
[ chatbol2 pg ttent/, busildezer/ andrai dfpl atforn /bt 1 d-amEd-viia_armeahi-v7a/build/python-i Fiseasenayafarnbh-via/pyments |xersfmake, 37 ...
B content kv £/, bui ldezer/ andrad dfpl atforn/bui | d-armfd-viz_armeabi-v7a/build/prthon-instal 1s/di arméid by vs/ma By ...
B dscasedh 7. b dezer androd d/p] atforn/but | d-armfA-viiz_srmeahi -v7a/bui | /python-insta] 1s/di farnéd-vda/pymmentsf exers/math o . .
i t/. buri Ldozer/ andrai d/platforn/bui | d-armé4-vEa_armeahi-v7a/bui ld/prthon-instal Is/ diseasexzyz/arnbd-véa/pyements/ L exers/mat lab, w
B forgethy /. butldoser sl ol dfplatTara/budLd-arabh-via_wruesbl-oTa/bal LofoytbonLosta s/ diseasessyafarubd-viu/pyguents/ Lusers/mszlus. oy
B nisteryky . er/andraid/plat fornfbui ld-arubd-véa_aruweabi-vTa/bui /by thon-instal1s/di whd-vBadpyenents/ lexers/neson, uy
‘ i, py zer/ android/platforn/but | d-arn64-v8a_armeabi-sTa/bui Ld/py thon-i l;l]at“ farubd-vBa/pyements/1 La,uuu SN
+ i it/ buildozer/androd dfplatforn/tut 1d-armfd-viz_armeabi-v7a/boi ld/python-i méd -vda/pypments/ lexers/min crzft pr...
. parent.ky Cnmp ling '/ it/ buildozer/androd dfpl atforn/tut 1d-armfd -viz_armeabi-vTa/boi L &/python-i arnbd -via/prenents/ lexers/mins vy L
B pofieky Conpt Ling "/ /. bui dozer/ andrai d/pl atforn/but | d-armf4-véz_armeahi-v7a/bui | /python-insta] Is/ diseasexzys/arnéd-véa/pyments/ lexers/ml. py . ..
. Canpiling "/ t/. buildozer/andraid/pl at fornsbui | d-arnéd-vEa_arneabi-vTa/bui ld/python-installs/diseasexsvz/arubd-wba/vyenents/lexersinodel ing. p¥'. .
o etk Coptling *featent . bt dstes ol dfptatFernfbulldarub=_srusshi=yPa/bul oy toniastad 13/ disessensd srubde BafoypmentsTesees oLy ..
[ seting kv iling * Jeantent/. buildoser/ sndrol d/plat fornfbul L d-arnbd-via_srueabi-vTa/bul ld/py thon- uwl]w wbd-via/pyements/ lexers/noate oy’
B it e - tent /. buildozer/ andrad d/pl atforn b 1 d-améd-via_srnezhi-v7a/build/python-ine a4 -via pyments/ levers/mozal. py' .
[ At BABCE ¥ b { bt L A1 b e bt 1A im0 131 o nrsed b 1o 8 e eron it ittt o ]
* x

Figure 4.36: Buildozer with Google Colaboratory (Buildozer Spec File & Build APK file)
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Figures 4.35 and 4.36t was started by importing the Python source code of the system or
application on the left sidebar of Google Colab. Then, the redfiiesduch as buildozer,
Cython and so on will be needed to install befegggable to use the buildozer and build

the apk file without err@occuing. There was an important file to build and package the
mobile application withhespecific requiremestcalled buildozer.spec file. It was a system
that automates the compilation, packaging and deployment of Python applications for

Android and los platforms

buildozenspec X

1 [appl
I# f(str) Title of your application
4 title = My Applicaticn

5

& # (str) Package name
T package. name = myapp
P

G # (str) Package domain (nesded for andreid/ios packagine)
10 package. demain = org test

11

12 # (str) Source cede vhere the mainpy live

13 source. dir = .

14

15 # (list) Sowrce files to include (let empty to include all the files)
16 source. include_exts =  py, png, Jpg, ky, atlas

17

16 # (list) List of inclusions using pattern matching

19 #zource. include_patterns = assets/+, images/+ png

20

21 # (list) BSowce files te ezclude (let empty te not ezclude anything)
22 #source. exclude exts =  spec

23

24 # (list) List of directery to exclude (let empty to neot exclude anything)
25 #souree exclude dirs =  tests, bin,  venv

26

27T # (list) List of exzclusiens using pattern matchins

23 # Do nat prefiz with '/

29 dsource. exclude_patterns = license, images/#/+. jpg

30

Al #  dfetr)  Annlication  werasicnine  (methad 1Y

v 4 EREEJE]: 23:50 ® X

Figure 4.37: Buildozer Spec Filén Google Colaboratory

Link:
https://colab.research.google.com/drive/1EQ5{doIR7Kk9VsHrlpnxyeNfiNb#scrollTo=0Oxl
NG6JIK5wxw
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4.210Mobile Application Interface Output

In this part, the final output was deployedite mobile application and able to execute on
mobile applications which wamn android platform for further testing. The following was

the picture of every mobile interface of the disease prediction system based on symptom:

TI0 4 i)

1.2 [] 28.3 =
zmp il al @ P 1| N O 7 N @) 2202

Enter Email

Email:

Enter Password

Password: Show

Register

Forget Password?

Figure 438 Splash Screen Figure 4.39: Login Screen
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17.2
Al @ s N &) 2202

B0
vl

iy Q E) e

Registration From

Enter Username

Name
Enter Age
Age
Enter Body Weight
Body Weight(kg)
Enter Body Height
Body Height(cm)

Enter gender

Gender(Male/Female)

Enter Personal Email

Email

Enter Phone Number

Phone Number

iEnter Password
Password ‘

|Enter Password Again

Confirm Password ‘ Show

Register

Go Back

v (] O <

‘}Input Symptom/Message

HISTORY

PROFILE

v O O <

Figure 440: Registration Screen
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History
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Figure 4.42: History Screen
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Profile
Name : Stephen
Age 124
Body Weight(kg) 165
Body Height(cm) 1176
Gender(Male/Female) : Male
Email : shengwei331@gmail.com
Phone Number 10175711705

Edit Profile

HISTORY PROFILE SETTING

Figure 4.43: Profile Screen



e Sl il @ S : ; o N G2 2206
Setting Change Password
Enter Email
Email
Change Password
Enter Password
Password Show
Enter Password Again
Confirm Password Show

b 0 O <

Figure 4.44: Setting Screen Figure 4.45. Change Password Screen
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4.2.11 Output Testing and Feedback

Finally, come to the output testing and getedback fromevery user for further

improvement of the output. The way to get feedback from the user was using Google Form

andtheusercangaf eedback |

n k

when

sendi

Feedback On The Mobile Application For Disease
Prediction Based On Symptom Using Al

Ehi and thanks for giving us youe time on testing the maobile Applicstion for disease prediction

We will reply you as soon &s possible Thank you

shengwei331@gmall.com ELES
BB FRATEAE

* ETestE

Name *

U

Matrics Number*

IEREE

For centacting us please email: chathotdissase@gnail com

bazed on syrmpltom using AT (Chatbot). This feedback purpose was bo get opinion frorm users and
wre will try our best ta improve give the hest experience on using the app

Figure 446. Feedback Google Form
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4.3 Summary

At the end of this chapter, the system or output for the disease prediction based on symptoms using
Artificial Intelligence was finally developed and able to deploy on mobile applications devices.
The result and choosing the machine learning algos process will be discussed in more detail

in the next chapter. Throughout this implementation and testing, this study found out that this
system also consists of limitations and challenges to be completed.
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5.0Chapter 5 Discussion And Result
5.1 Introduction

In this chapterthe proposed system will be needed to discuss more details on the process and result
or output. This chapter served as the platform for presenting the data, explaining its significance
and addressintine research objectives or hypothesetined inthe earlier sections ahis project.

It also provides an opportunity to show and discuss the existing knowledge in theTfield.
different types of machine learning algorithms and data processing process knowledge were applied

to the system whiltheseneeded to discuss in detaitdtheresults of their performance.
5.2 Dataset Source

There wereafew datasetshatwill be used irthe disease prediction system which weredidiaset
of disease symptoms, dataset of disease descriptions, dataset of disease precautions and dataset of

severity weight for each symptom.
Diseases and Symptoms (dataset.csv)

This dataset contains informatioelated to diseases and their associated symptomass 4921

rows and 18 columns, suggesting it contains a substantial amount of data with a variety of
information.The file size is 1339 kilobytes (kb), which is relatively moderate, indicating it might
contain textual data and possibly some numerical vallresdistribution value and occurrence of

everydiseasavere 10 times looping and this gave the balancedatathutein this dataset.
Diseases DescriptiofSymptom_Description.csv)

This dataset focuses on providing descriptions for different disdasessists of 42 rows and 2
columns, which means it likely has a compact structure, possibly a mapping between diseases and
their corresponding descriptioriBhe file size is 11 kilobytes (kb), which is small, suggesting it
might contain textual data or short descriptiofshe diseasesSince there are only descriptions

and no evident classes, it is not directly applicable to assess balance or imbalaisa#aitaset.

Diseases Precaution (Symptom_Precaution.csv)
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This dataset includes precautionary measures or guidelines related to specific diseas@ins

42 rows and 5 columns, indicating it likely has information on multiple precautions associated wi
each diseas@he file size is 4 kilobytes (kb), which is relatively small, suggesting it might contain
textual data or short precautionary statemdrits.occurrence of precautions for every disease was

4 times therefore this considered as the datasentainedalanced data.
Symptoms Severity (Symptom_Severity.csv)

This dataset deals with the severity of symptoms associated with dideasasists of 134 rows

and 2 columns, indicating it might contain a mapping of symptoms to their correspeadargy
levels.The file size is 3 kilobytes (kb), which is small, suggesting it might contain textual data or
numerical values representing symptom severity leffelsthe occurrence symptom severity level

were different, therefore the data in this da&e imbalanced.
5.3 Machine Learning Data Preprocessand Trained Model

The dataset was provided by the Kaggle platform which contains every common disease, symptom
and severity Before startingto build modelsfor specific machine learning algorithms, it was
necessary to check and clean the data.

In [6]: cols = df.columns
data = df[cols].values.flatten()

d.Series(data)
str.strip()

SESAP:
5s=5
s = s.values.reshape(df.shape)

df = pd.patafFrame(s, columns=df.columns)
df.head()

out[6]:

Disease

1

2

ymptom_

ymptom_.

Sympt 3

ptom_.

_10

Fungal
infection

Fungal
infection

Fungal
infection

Fungal
infection

Fungal
infection

itching

skin_rash

skin_rash nodal_skin_eruptions

itching  nodal_skin_eruptions

itching

itching

skin_rash

skin_rash

nodal_skin_eruptions

dischromic _patches

dischromic _patches

dischromic _patches

nodal_skin_eruptions

dizchromic
_patches

Nal

Nal

NER

MNan

REL]

Mal

Mal

Mal

Mal

Nal

Nal

MNah

MNan

MNal

Mal

Mal

Mahl

=N

Mal

Mal

REN

Mal

Mal

Figure 5.1: Cleaning Data

FromFigure5.1, each data from each of tbelumnswill be flattenedinto a onedimensional

arrayfor the purposef removingthe leading aah trailing whitespace from the elements or data.
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Then it reshapes back again into the original shape and creates a new data frame for the cleaned

data.
In [7]: df = df.fillna(o)
df.head()
out[7]:
Disease Symptom_1 Symptom_2 Symptom_3 Symptom_4 Symptom_5 Symptom_6 Symptom_7 Symptom_8 Symptom_8 Symptom_10 Symptor
Fungal itching skin_rash  nodal_skin_eruptians dischramic 1] 1] ] 0 1] 0
infection _patches
Fungal " .
skin_rash nodal_skin_eruptions  dischromic _patches 0 ] ] 0 0 ] 0
infection
Fungal itching  nodal_skin_eruptions  dischromic _patches 0 0 0 0 0 0 0
infection
Fungal itching skin_rash dischromic _patches 0 1] 1] 0 0 1] 0
infection
Fungal itching skin_rash nodal_skin_eruptions 0 0 0 0 0 0 0
infection
4 >

Figure 5.2: Replace NullOr N/A Data

For the followingFigure5.2, each of the columns with null empty data was then replaced by
thenumber zero so that every datasreadable.

In [1@]: vals = df.values
symptoms = df1[ ‘Symptom'].unique()

for i in range(len(symptoms)):
vals[vals == symptoms[i]] = dfi[dfi[ 'Symptom'] == symptoms[i]][ 'weight'].values[@a]

d = pd.DatafFrame(vals, columns=cols)

d.head()
out[10]:

Disease Symptom_1 Symptom_2 Symptom_3 Symptom_4 Symptom_§ Symptom_6 Symptem_7 Symptom_8 Symptem_9 Symptem_10 Symptem_11 Symptom_
Fungal dischromic

° infection { 3 _patches 0 0 0 0 0 0 0
Fungal dischromic

1 infection 3 4 _patches o 0 0 0 0 0 0 0
Fungal dischromic

2 infection 0 d _patches 0 0 0 0 0 0 0 0
Fungal dischromic

3 infection 1 3 _patches o 0 0 0 0 0 0 0

4  Funoa i 3 4 0 0 0 0 0 0 i 0
infection

4 >

Figure 5.3: EncodingSymptomWith Severity WeightPart 1)
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In [11]:

out[11]:

d = d.replace('dischromic _patches', @)
d = d.replace(’'spotting_ urination’,®)
df = d.replace('foul_smell of urine',@)

df.head()
Disease Symptom_1 Symptom_2 Symptom_3 Symptom_4 Symptom_$ Symptom_6 Symptem_7 Symptom_8 Symptom_9 _10 _11 Symptom_
m%ﬁ%ﬂ ! 3 4 0 o i i 0 i 0 0
mgﬁaﬂ 3 4 0 0 a i i i i i i
m%ﬁ%ﬂ ! 4 U U U i i a 1] i i
miﬁ%ﬂ ! 3 0 0 o i i 0 i 0 0
mgﬁaﬂ ! 3 4 0 a i i i i i i
. >

FromFigures 5.3 and 5.4another datas#atcontairs the symptom severity weight was used and

encockdall the symptoms fronthe previous data frame by using the weight of severity. This was

Figure 5.4: Encoding Symptonwith Severity Weight (Part 2)

undergondy using the looping one by one amttodedvhen the symptom in severity dagd was

matched with the previous data frame symptoms valfier that, create a new data frame to store
the new dataWhile the severity weight for dischromic patches, spotting urination and foul smell

of urine symptoms, these symptoms were assumedrasutied to weight zero since it was not

matched with the previous data frame.

In [15]:

In [16]:

In [17]:

out[17]:

In [18]:

In [19]:

In [20]:

data = df.iloc[:,1:].values
labels = df[ 'Disease'].values

x_train, x_test, y train, y_test = train_test split(data, labels, shuffle=True, train_size = 8.85)
print{x_train.shape, x_test.shape, y_train.shape, y test.shape)
(4182, 17) (738, 17) (4182,) (738,)

model = svC()
model.fit({x_train, y_train)

¥ SVC

sSve()

preds = model.predict{x_test)

syc_score = cross_val_score(model, x_test, y test, cv=5)
print{svc_score)

[@.80405405 ©.81756757 0.88405405 0.83673469 0.84353741]

conf_mat = confusion_matrix(y_ test, preds)

df_cm = pd.patafFrame(conf_mat, index=df[ 'Disease’'].unique(), columns=df['Disease’].unique())
print('Fl-score% =', f1_score(y test, preds, average='macro')*100, '|’,
sns. heatmap(df_cm)

4

F1-score¥% = 93.6016347453357 | Accuracy% = 93.76693766937669 | Precision% = 94.49599726315589 | Recall% = 93.7669376693766

9

'Accuracys% =', accuracy_score(y test, preds)*lee, '

»
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Figure 5.5: Machine Learning Model Trained

The next step was to store the disease and encoded symptoms in separate ddta frather fit

in specific machine learning clasrs as training and test datesFigure5.5 above To train and

test the data frame, the train test split feature was used to split the data into 85% of train data and
15% of test data. After the splitting, the train data can be fit intontghine learning model for

the disease prediction procesEhe figure above is one of the examplelsthe Support Vector
Classifier algorithm while there were still needed to do the same steps for the Dd@ceson
Random Forest, fNearest Neighbor and Gaussian Naive Bayes algorithms. The final step was to
check theperformance of each machine learning algorithm and choose the best performance for
thedisease prediction process in the proposed system. This will be discussed in more detail in the

next section.

Another thingthat needed to be discussed was the loadiggss of the machine learning and
chatbot model in mobile deviceBor the current technology, it was difficult to direct load the
machine learning and chatbot model in mobile devices and this may cause the appdicasisi

and unstable. Therefore gt\PI1 stands for Application Programming Interfacethod,and it was
important to act as a bridge between two applications, which were mobile applications and web
applications in this study. It enables them to communicate and share data in a standeaylized
The machine learning and chatbot model will be loaded using the web application while the mobile
application only consisted of pure python language which will pass the data to the web application
to get the prediction result. To host the API intowreb application, the Render platform will be

used since iis free usage to new user
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5.4 Chatbot Model Data Preproces and Trained Model

To train the chatbot model, the nltk package in Python was used to train the pattern of messages
and whatshould respond from the chatbot. Before that, it was also undergoing data preprocessing

to save the pattern of messages and the responses in an array and pickle file.

nltk.download(

nltk.download(

Figure 56: Initialization of Chatbot Model

From the figure abovéhe resources for Punk and Wordnet from the nltk package were downloaded
at the beginning and initialized théordnetlemmatizer. Then, the json files which contained every
pattern of messages and responses were loaded.

words = []

classes = []
documents = []
ignore_letters = [

for intent in intents['inte
for pattern in intent[
word_1list = nltk.word_tokenize(pattern)
words.extend(word st)
documents.append ( yrd_list, intent[
if intent['tac L in clLasses:

classes.append(intent[ "tag"'])

yr description_intent in description_intents[ es
for pattern in description_intent[ atte s']:
word_1list = nltk.word_tokenize(pattern)
words.extend(word st)
documents.append((word_list, description_intent[
if description_intent['tag'] not in classes:

classes.append(description_intent["'tag"'])

or precauvtion_intent in precauvtion_intents[

Figure 5.7: Preprocessing The Data From Json File
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From the next figure, the data from each of the fdeswere undergoing preprocessing by creating
empty lists for words, classes, and documérgs Then, boping through the intents and patterns,
tokenizing thepatterns, and appending the tokens to the respectivaisthat, use a lemmatizer
for lemmatizing the words and removiiggore lettersThe unique words and classeich were

tags in the json files were stored using the pickle
training = []
output_empty = [0] * (classes)

for document in documents:
bag = []

word_patterns = document[0]

word_patterns = [lLemmatizer.lemmatize(word.lower()) for word in word_patterns]
for word in words:

bag.append(1l) if word in word_patterns else bag.append(0)

output_row = (output_empty)
output_row[cla s.index(document[1])] =
training.append([bag, output_row])

random.shuffle(training)

training = np.array(training,

train_x (training[:, 81)
train_y (training[:, 1)

Figure 5.8: Building Training Dataet

The firststepto build the training datasetieating empty lists for training and outp@ihen, bop
through the documents, creating a bag of words for each pattern, and creating an output row with
the corresponding intenThenext step wasgpending the bag and output row to the training list.

After that, the data with the training list were shuffled randomly and converted to a numpy array.

model = Sequential()
model.add(Dense ( .
model.add(Dropout( )
model.add(Dense o
model.add(Dropout( )
model.add(Dense ( (train_y[

sgd = SGD(

model.compile( = =mrea
WSE = DEEEL - D e e Ereir_ D), e Orreh CErer )

converter = tf.lite.TFLiteConverter.from_keras_model(model)

tflite_model = converter.convert()

with C el.tflite ) as

file.write(tflite_model)
("Done™)

92



Figure 5.9: Compile Chatbot Model and Train Chatbot Model

The next step from the figarabove was to create and compile the chatbot model using the
sequential model of keras. Then, fittitihge model to the training data for a specified number of
epochs and batch siZEo convert the keras model to the tensorflow lite matiel,TensorFlow

Lite Converteis used
55 Result
Cross-validation Score vs Evaluation Score

Crossvalidation is a resampling technique used to assess how well a machine learning model
generalizes to near unseen datevhile evaluation score such as accuracysédre, precision and
recallis obtained by assessing the model's performance on a completely independent dataset that
the model has not seen during trainilmgk-fold crossvalidation, the data is split intefolds. The

model is trained k times, each time using a different fold as the validation set and the remaining
data as the training set. Teealuatiormetrics werecalculated for each fold, and the average score

is taken as the crosslidation scoreFor the main differencéetweernthe crossvalidation score

and evaluation scoréhe crossvalidationscorewas sal in the training data to create multiple
folds for training and validation. It provides an estimate of the model's performance during
development and helps iyerparameter tuning and model selectibihile evaluationscoreused

a separate test dataset, unseen during training andvaladastion, to evaluate the model's final
performance. It represents how well the model is expected to perform-imagdlapplications.

After the machine learning model was trained, it caméeaevaluation metrics to see which one

was the best in accuracy performance. The evaluation metrics used in this project were accuracy,
F1-score, precision and recalefore that the #old crossvalidation score was also used to have

a clearer comparisowith different score in different foldswhen each of the predictienThe

number of k used for this cresalidation was five and the score or result was as below:

Machine Learning Algorithm K-Fold (K=5) CrossValidation Score (%)
K=1 K=2 K=3 K=4 K=5
Support Vector Machine 78.38 78.38 75.68 76.19 78.23
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Decision Tree 94.59 97.30 95.27 94.56 95.24
Random Forest 97.30 97.97 97.30 98.64 95.24
K-nearest Neighbor 85.14 90.54 91.89 91.16 89.80
Gaussian Naive Bayes 81.76 85.81 81.76 82.99 85.03

Table 51: K-Fold Cross Validation Score of Machine Learning Model

From the table above, the result of crgatidationcan be seen th#te Random Forest algorithm
gave the highest score which wa&&30%6, 97.97%, 9.30%, B.6%%6 and %.2%% respectively to

each of the k folds. After checking the result for cresisdation, the evaluation metrics which
were accuracy, tscore, precision and recall were also used to identify the performance of each

machine learning model. The result was aswel

Machine Learning Accuracy (%) | Fl-score(%) | Precision(%) Recall (%)
Algorithm
Support Vector Machine 92.68 92.28 93.60 92.68
Decision Tree 9946 99.55 9950 9946
Random Forest 99.46 99.55 99.50 99.46
K-nearest Neighbor 9932 99.48 9940 99.32
Gaussian Naive Bayes 85.64 84.93 86.53 85.64

Table 5.2 Accuracy, F1, Precision and Recall Score of Machine Learning Model

Two machine learninglgorithms thagave the sameesultsof accuracy, fiscore, precision and
recallresultwereDecision Tree and Random Faresodek. These two algorithms contain almost

the same characteristic thfe process when undergoing the disease prediction process. However,
the result comparison fromime kfold cross validation between the Decision Tree and Random
Forest algorithms were different whichere 94.59%, 97.30%, 95.27%, 94.56% and 95.24% for

the Decision Tree model and 97.30%, 97.97%, 97.30%, 98.64% and 95.24% for Random Forest
model. Fromhis result, Random Forest providabetter performance of prediction when come to
undergaing the prediction process frequently. In the result, the Random Forest model gaé 99.46

accuracy, 99.55% of f&core, 99.50% precision and 99.46% reddlese metrics can be calculated
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from the True Positive, True Negative, False Positive and False Negatives of the confusion

matrix.

Fungal infection

GERD

Drug Reaction

AIDS

Gastroenteritis

Hypertension

Cervical spondylosis

Jaundice

Chicken pox

Typhoid

Hepatitis B

Hepatitis D

Alcoholic hepatitis

Common Cold

Dimorphic hemmorhoids(piles)
Varicose veins
Hyperthyroidism
Osteoarthristis

(vertigo) Paroymsal Positional Vertigo
Urinary tract infection

-25

- 20

- 15

10

Impetigo S p— ' e —— pn— ' -0
CAcCUV VsV XTOQWVWD GW w o c o
QIEDE_QS%gOMmEBQEEﬁ?g.g‘
=T = o 5 S = = .2 =
BEE<223EcGEE8C3>23:88¢
& & = @D ™ ® Fooss &
E & gLHERTTgglES8 SR EE
= - £
T 9 S5a2 £ ITYE2LE9cy

= w (W] = o o
o = wn o> 7 00 g ot 2O
S o 8*TF® 0 2>a8% 5
Z Y o E =Y a5

Z v £ I a &
@ < [ _ 2
(W] = m =
= (="

= E

= =

| =)

S g

E &

o °

§=y

t

]

=

Figure 5.10: Confusion Matrix Random Forest Model

A confusion matrix is a table that allows for the visualization and analysis of the performance of a
classification model. It summarizes the predictions made by the modetest set and compares

them to the actual labels. From the figure above, each row represents the true labels of the data,
while each column represents the predicted labels. The values within the matrix indicate the count
or frequency of data points théall into specific combinations of true and predicted labels.
Assuming the first row corresponds to fungal infection (class O)reafafst column represents the
predicted labels for class 0, your interpretation is correct. The values in the firér sbaglumn

which is at thetop-left element would indicate the count or frequency of data points that were
correctly predicted as fungal infection (class 0). The other values in the firsexcwding the
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diagonal elementvould represent instances that were incorrectly predicted as other cldsses.
confusion matrix forDecision Treeand K-NearestNeighbor also provided almost the result
However, the Random Forest model \agmiority whencomparingthe crossvalidationscore and
evaluation metris Since the accuracy ofie Random Forest model was around 99.5%, therefore
fewer incorrect predictionsere madeisingthis machine learning algorithfihe confusion matrix

can be anabed to derive various performance metrics for a random forest classifier, such as
accuracy, precision, recall, and -Bdore. These metrics provide insights into the classifier's
performance for each class, includipgtential misclassifications or bias@sd help evaluate its

effectiveness

Figure 5.11: Confusion MatrixGaussiarNaiveBayesModel

FromFigure5.11, conpaiison with the confusion matrix of RandoRorest the resulcananalyze
by the point leside the diagonal axand this means th#te result from thediseasgrediction using
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