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The heart is a key organ of the human system which pumps and circulates blood throughout the body. Its failure to perform these
functions often leads to total breakdown of the entire body system and in most cases results in death. In several countries of the
world, significant numbers of heart failure patients are being reported dead due to inaccurate and untimely diagnosis. Recently,
expert system approach, which is anchored on Information Technology, has emerged as a strong tool for solving this problem.
This paper reports on the development of a Web and Fuzzy Logic-based Expert System for the diagnosis of heart failure disease.
The proposed system consists of a Knowledge Base (which is made up of a Database), a Fuzzy Logic component, a Fuzzy
Inference Engine and a Decision Support Engine which comprises of cognitive and emotional filter as well as Tele-medicine
facilities. The system was implemented using Hypertext Preprocessor (PHP), JavaScript and Hypertext Mark-up Language
(HTML) with My Structured Query Language (MySQL) as the Database Management System. Performance analysis based on
data on selected heart failure patients and survey of some experts on heart failure disease at the State Specialist Hospital, Akure,

Nigeria shows satisfactory performances of the system.
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1 Introduction

The limitations of the conventional methods for the diagno-
sis of diseases call for the development of expert systems
which will aid medical practitioners in delivering effective
and efficient medical services to patients at affordable prices
(cost) irrespective of their geographical location. Due to the
strength of Fuzzy Logic (FL) in the provision of accurate so-
lutions to difficult real life problems and the advancement in
Internet technology, there has been an increasing need to in-
corporate FL concept into medical diagnosis for a successful
development of Internet-based expert system that will have
a human-like reasoning capability.

Cardiovascular disease is the class of diseases that involves
the heart or blood vessels (arteries and veins). While the
term technically refers to any disease that affects the cardio-
vascular system, it is generally used to refer to those related
to atherosclerosis (arterial disease). Cardiovascular system,
otherwise known as circulatory system in human, carry out
the combined function of the heart, blood and blood ves-
sels to transport oxygen and nutrients to organs and tis-
sues throughout the body and carry away waste products,
amongst its vital functions. Diseases of the cardiovascular
system include those that compromise the pumping ability
of the heart, cause failure of the valves or result in narrow-
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ing/hardening of the arteries. The normal function of the
heart is the pumping of blood and circulating it through-
out all parts of the body. When the heart’s output cannot
meet the normal work, a condition known as heart failure
occurs and when the heart fails, other vital organs such as
the Kidney, Lungs, and Liver are also affected. Heart failure
disease and the resulting complications are the main cause
of death for both males and females in most technologically
advanced countries of the world. It is also rated among the
top five causes of death in lesser-developed countries.[:?!

Medical diagnosis involves identifying illness or disorder
in a patient through physical examination, medical tests or
other procedures while therapy is the treatment of physical,
mental or behavioral problems and it is meant to cure or
rehabilitate the sick.*~'!! The management of heart failure
disease is highly essential and involves considerable amount
of medical records which have to be collected, cleaned,
stored, selectively retrieved and statistically analyzed. This
could not be efficiently handled by the traditional method
that is in practice among health practitioner. Other militat-
ing factors include inadequate number of healthcare deliv-
ery experts, high cost in terms of finance associated with the
delivery of quality healthcare services by medical experts
and limited memory capability, low retention of informa-
tion and untimely recall of accurate information which is
very common among medical practitioners due to the na-
ture of their job. Others are insecure patient medical records
and wrong decisions seldom made by medical expert due to
fatigue, emotional conditions and other human factors.

The diagnosis of heart failure falls into three basic cate-
gories, history taking, physical examination and laboratory
investigation.!!! History taking involves obtaining a com-
plete clinical (medical) history of the patient so as to de-
duce the symptoms. Physical examination by a cardiologist
involves accessing the patient’s general appearance for evi-
dence of resting dyspnea, cyanosis and cachexia. It involves
examining the blood pressure and heart beat, pulmonary,
third and fourth heart sound and jugular venous distention.
Laboratory findings involve reports on the patient’s chest X-
ray, heart tracing Electrocardiogram (ECG), heart imaging
(echocardiogram) and the likes.

The research being reported developed a web-based expert
system for eliminating the limitations of some of the exist-
ing systems for the diagnosis, therapy and management of
heart failure. The functionalities of the system was accessed
by using data on heart failure of selected patients at a Spe-
cialist Hospital in Akure, Nigeria.

2 Related works

The authors in Ref.12 proposed a knowledge based sys-
tem for the diagnosis and administration of tropical dis-
eases. The system has functionalities for addressing prob-
lems of geographical mal-distribution of medical practition-
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ers and material resources, inadequate facilities to support
the privacy and security of patients’ medical records and
prolonged delay of reports generation and statistical analysis
of medical records. However, the system lacks the capabil-
ity for global access due to its offline nature and could not
handle vague (imprecise) data which are inherent in medical
records. A decision support system for the diagnosis of trop-
ical diseases using FL was proposed in Ref.13. The system
provides medical personnel with a means for better diagno-
sis of tropical diseases and handles the problem of imprecise
data mostly found in medical records. It however lacks en-
hancing features such as chat and e-mail facilities which are
essential for instant communication among specialists from
different part of the world during cases of difficult patient
diagnosis.

The authors in Ref.14 presented a multiplayer perception-
based decision support system for diagnosis of heart dis-
eases. The input layer of the system includes variables cat-
egorized into 3 four groups and the number of nodes in the
hidden layer is determined through a cascade learning pro-
cess. Each of the nodes in the output layer corresponds to
one heart disease of interest. The missing data of a patient
were handled using the substituting mean method and an
improved back propagation algorithm was used to train the
system. Medical records collected from the sampled pa-
tients suffering from five heart diseases were used to train
and test the system while the generalization assessment was
by cross validation, holdout and bootstrapping. The authors
in Ref.15 used many different types of data, including fam-
ily and patient histories, laboratory results, physical find-
ings, genetic information, electrocardiogram analysis and
imaging results to formulate a computer-assisted decision
support system with a variety of reasoning methodologies
for the diagnosis of cardiac disorders. The authors in Ref.6
used the Case Based Reasoning (CBR) methodology to de-
velop an expert system prototype for supporting diagnosis
of heart diseases. Sampled data on two hundred and seven
attributes from demographic and clinical data were collected
for four heart diseases namely; mitral stenosis, left-sided
heart failure, stable angina pectoris and essential hyperten-
sion. The analysis of these data was based on induction and
nearest-neighbour retrieval strategies with the nearest neigh-
bour outperforming the induction strategy.

A Fuzzy Expert System for heart disease diagnosis based on
the V.A. Medical Center, Long Beach and Cleveland Clinic
Foundation database is presented in Ref.16. The system has
13 input fields and one output field. Input fields are chest
pain type, blood pressure, cholesterol, resting blood sugar,
maximum heart rate, resting electrocardiography (ECG),
exercise, old peak (ST depression induced by exercise rela-
tive to rest), thallium scan, sex and age. The output field is
an integer valued representing the heart disease status which
ranges from O (no presence) to 4 (distinguish presence). A
neuro-fuzzy expert systems for the diagnosis and therapy of
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cardiovascular diseases were proposed. Fuzzy rules were
formulated and used to implement the fuzzy logic diagnosis
of heart failure with the Root Sum Square (RSS) inference
procedure on a four layered feed forward Neural Networks
based on the Sigmoid Activation functionA.[!7-18]

The authors in Ref.9 presented a knowledge-based intelli-
gent system for the diagnosis of "red eye" based on com-
mon Knowledge Acquisition and Documentation Structur-
ing (KADS) methodology. The system has stages for iden-
tifying, specifying and refining knowledge. Its platform
for designing the domain ontology and model involves re-
vision and reusing knowledge from different sources. The
authors in Ref.10 presented an intelligent hybrid system for
diagnosing common diseases with four different architec-
tures namely standalone, transformational, hierarchical and
integrated. The standalone model consists of independent
software components, which do not interact in any way and
provides direct means of computing the problem solving ca-
pabilities of different techniques with references to certain
applications. The transformational model begins as one type
of system (such as a neural network) and end up as an ex-
pert system. The different layers in hierarchical architecture
is associated with different functions while an integrated
hybrid model combines different techniques into one sin-
gle computational model which shares data structures and
knowledge representations.

In Ref.21, a personal health assistance service expert system
for advice on healthy food and activities for good practices
of fitness and stable health was proposed. The system also
provide basis for tracking personal health data and medi-
cal treatments and a comprehensive exchange of data. A
medical diagnosis system that is based on fuzzy-neural net-
work is presented in Ref.22. The main focus of the system
is to ease the job of medical practitioners and as well pro-
vide accurate diagnosis result. Multilayer Perception (MLP)
neural network and 4 ordinary back propagation GDR train-
ing algorithms were used. Though 97.5% accurate in di-
agnosis was reported, it failed to consider the calculation
of the best membership function for each fuzzy data which
significantly reduces its efficiency. The authors in Ref.23
proposed a Fuzzy Expert System for the Management of
Malaria which has been identified as a predominant envi-
ronmental health problem in several parts of the world. The
system is suitable to act as a decision support platform to
researchers, physicians and other healthcare practitioners in
malaria endemic.

3 Proposed neuro-fuzzy-based expert sys-
tem for diagnosis

The main components of the proposed Fuzzy Expert System
are knowledge base, decision support engine and the World
Wide Web as shown in Figure 1.
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Figure 1: Components of the proposed system

3.1 Knowledge base

The Knowledge base stores static and dynamic knowledge
of the diagnosis of heart failure. It serves as the information
store for operational data to be processed and as well con-
sists of database of quantitative knowledge and fuzzy logic
of the qualitative knowledge of medical practitioner in heart
failure diagnosis. The database of quantitative knowledge is
a repository where patients’ attributes presented in Table 1
needed for successful diagnosis are stored or retrieved.

The database model considered for the diagnosis of heart
failure disease has its schema presented as follows based on
the codes presented in Table 1.

Table 1: Heart Failure Diagnosis Attributes
Heart Failure Diagnosis

S/IN Category . Code
Attributes

1 Rest Dyspnea RD
2 Orthopnea OP
3 Patient Medical ~ Nocturnal Dypsnea ND
4 History Dypsnea on Exertion DE
5 Dypsnea While Climbing DC
6 Heart Rate Abnormality HR
7 . . Juvular Venous Elevation VE
8 Eig:;zzﬁlcal Lung Crackles LC
9 Wheezing wz
10 Third Heart Sound HS
11 Alveolar Pulmonary Edema AP
12 Patient Interstitial Pulmonary Edema IP
13 Laboratory Bilateral Plural Effusion BP
14 Investigation Cardiothoracic Ratio CR
15 Upper Zone Flow ZF

(1) Patient-Bio-Data (Patient-ID, Patient-Name, Patient-
Address, Patient-Age, Patient- Sex, Nationality,
Marital-Status, Blood-Group, Name-of-Next-of-Kin,
Address-of- Next-of-Kin).

(2) Patient-Medical-History (Symptom-ID, Patient-ID,
RD, OP, ND, DE, DC).

(3) Patient-Physical-Examination (Sign-ID, Patient-ID,
HR, VE, LC, WZ, HS).

(4) Lab-Investigation (Lab-Test-ID, Patient-ID, AP, IP,
BP, CR, ZF, Date-of-Exam).
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(5) Patient-Consultation (Patient-ID, Date-of-Diagnosis,
Diagnosis).

3.2  Fuzzy logic of heart failure diagnosis

Fuzzy logic is a superset of the conventional Boolean logic
with capability for handling imprecise (vague) and incom-
plete data that are commonly found in medical records. It
resembles human decision making with its ability to work
from approximate reasoning and ultimately find a precise
solution to a given problem. The process of diagnosing heart
failure by the fuzzy logic involves the following stages:

(1) Fuzzification of input variables (values of signs,
symptoms, and laboratory test results).
Establishment of the fuzzy rule base.

Building the decision making logic of the fuzzy logic
component (inference engine).

Defuzzification of the output of the inference engine

into crisp values.

(@)
3)

“)
Figure 2 presents the basic architecture of the fuzzy logic

system for the diagnosis of heart failure and its flow of
data/information.
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Figure 2: Basic Architecture of a Fuzzy Expert System

A fuzzy set healthy, mild, moderate, severe, very severe for
the input variables (signs, symptoms, and laboratory test
results) is defined. The input variables are fuzzified and
the membership functions defined for them are applied to
their actual values to determine the degree of truth for each
rule antecedent. Given set A=[xy,za, 23, - ,Z,] Which
denotes input variables (signs, symptoms, test results), A
is a collection of ordered pairs as follows:

6]

pa(x;) is a triangular shaped membership function (MF)
represented by real number in the interval [0,1]. The MF is
defined as follows:

A= (xspa(z)),i=1,2,3,---'n

0 ifr; <a
N “;j:a“ ifa<xz;<b
0 ife <z

Published by Sciedu Press

a, b, and ¢, are parameters of the membership function gov-
erning MF triangular shape. Each of the attributes (vari-
ables) is described by a linguistic term in the fuzzy set
healthy, mild, moderate, severe, very severe.The input and
output parameters were defined based on linguistic variables
and their associated fuzzy value range are presented in Ta-
ble 2. The corresponding MF graph is represented in Figure
3.

Table 2: Linguistic Variables and their Fuzzy Value Range

S/N  Linguistic Variables  Fuzzy Value Input value
1 Healthy 0.0<x< 02 4
2 Mild 02<x< 04 3
3 Moderate 04<x< 0.6 2
4 Sever 0.6<x< 0.8 1
5 Very Severe 0.8<x< 1.0 0
Input
Value Healthy
4
3
2 Moderate
1 Severe
Verv Severe
0
0 0.2 0.4 0.6 0.8 1.0
Fuzzy Value

Figure 3: Membership Function Graph

3.3 Fuzzy rule base for heart failure diagnosis

The fuzzy rule base is characterized by a set of "If-then"
rules, in which the antecedents (‘If” part of the rule) and
consequents (‘then’ part of the rule) involve linguistic vari-
ables. The collection of these rules forms the rule base for
the fuzzy logic sub-system. The rules are carefully formu-
lated based on the view of medical experts on diagnosis of
heart failure disease. A structure of rules in the rule base
is: if (x = A) and (y = B) and (z = C) then (S = O),
where z, y, z are inputs variables, A, B, C are fuzzy sets of
the input variables, .S is the output and O is fuzzy set of the
output variable within the fuzzy region specified by the rule.

3.4 Inference engine of heart failure diagnosis

The Inference Engine presents the decision making logic of
the fuzzy logic sub-system. It receives input from the fuzzy
rule base and the fuzzification interface components. It ap-
plies suitable composition procedure to its inputs in order
to produce the desired output. The Inference Engine driven
by Root Sum Square (RSS) inferential mechanism is of the

15



www.sciedu.ca/air

Atrtificial Intelligence Research

2015, Vol. 4, No. 1

form: Ry :if [(DC' is mild) and (H R is severe)] then [(heart
failure is moderate)].

"DC" and "HR" are inputs variables while "mild" and ‘se-
vere’ are fuzzy sets with input values 0.8 and 0.4 respec-
tively. "heart failure" is the output and it is based on the con-
junction of the two fuzzy sets while "moderate"” is the fuzzy
set (with input value of 0.6) of the output variable within
the fuzzy region specified by the rule and it is obtained by
rounding off the mean of the input values for the fuzzy sets
to its nearest input value. RSS method is used to draw infer-
ences by combining the effects of all fired rules and their
respective magnitudes and compute the mean (composite
area). This approach gives the best weighted influence to
all firing rules.

If there are Ry rules in the rule base, where k =
1,2,--- ,n. The output signals of the rules are represented
by the set: {O(R;),O0(Rz2),0(R3), -+ ,0(R,)}. where
O(Ry) € [0, 1]. Finally, the fired rule which represents the
outcome of a particular diagnostic task are combined by us-
ing the formula:

n

RSS = (R})

k=1

3

Due to the fact that the output from the inference engine is
usually a fuzzy set, the output is translated into crisp values
based on the fuzzy set. The translation of the inference en-
gine is based on the Centroid of Area (CoA) technique as
follows:

(21 py (wi)wi)
(1 py (@0))
where > 7 iy (x;) and x; are the membership value and

center of MF respectively. Table 3 presents the linguistic
values and the range of crisp values.

CoA = “)

Table 3: Linguistic Variables and range of crisp value

N Linguistic Variables Crisp Value
1 Healthy 0.0<x<20

2 Mild 20<x<40

3 Morderate 40<x<60

4 Severe 60<x<80

5 Very Severe >80

3.5 Decision support engine for heart failure diag-
nosis

The Decision support engine (DSE) consists of cognitive
and emotional filters as well as tele-medicine engine. The
output of fuzzy inference engine serves as input to the cog-
nitive filter, while the output of the cognitive filter serves as
input to the emotional filter. The cognitive filter employs
the objective feelings of the medical practitioner to reduce
the alternative output report of the inference engine. Typi-
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cal objective feelings include the decision to conclude that
a patient has heart failure after diagnosis because the pa-
tient takes alcohol and smoke cigarette even if he has lim-
ited symptoms of heart failure. The emotional filter takes
charge of the subjective feelings of the medical practitioner
to reduce the alternative output report of the cognitive filter.
Typical subjective feelings of a medical expert when diag-
nosing a patient is the decision to place a patient on bed rest
over a period of time to further observe the symptoms of the
disease, probably because the patient has not been having
sufficient rest due to the nature of his/her job.

The tele-medicine component of the architecture consists
of chat module and electronic mailing modules. The elec-
tronic mailing module promotes communication on diagno-
sis challenges via email among experts while the live chat
module enables a medical expert to initiate a real life com-
munication with an expert colleague in any other part of the
world to seek his or her assistance regarding any diagnosis
challenges. The platform for the live chat module is con-
ceptualized in Figure 4. The Tele-medicine facilities en-
hance the overall performance of human experts and foster
the production of valid, accurate, and timely diagnosis in a
collaborative diagnosis and therapy of heart failure.

- 2
2 P = 7
(4 =
~a <30 - g
— =
Docter A Decter B Dector C Decter ..
Nigeria UsA England
— I“-"‘-‘
st
1
v L 4
Electronic Chartting
Mail

Figure 4: Information Sharing Among Doctors at Different
Location

WWW is commonly known as the Web and it is a system
of interlinked hypertext documents accessed via the Inter-
net. With a web browser, web pages containing text, im-
ages, video and other multimedia can be viewed. It also
provides platform for navigation between and via the hyper-
links. The WWW component of the architecture focuses on
eliminating geographical barriers in the diagnosis of heart
failure patients. It also enables the deployment of a central-
ized database which enhances the management of patients’
medical records and provides a means for communication
on patients’ information among medical experts. The con-
ceptual diagram of the proposed website for communication
on diagnosis of heart failure disease is presented in Figure 5.
The home page provides links via which other modules that
constitute the entire system could be accessed. The site con-
sists of modules for registration and authentication, record
entry and update, diagnostics and report.
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Figure 5: A Conceptual view of the website for the
proposed system

4 System implementation, experimental

study and findings

The proposed system was implemented in a web environ-
ment characterized by windows XP Operating System (OS)
on a Pentium 4 processor running at 1.6 GHZ processor
speed on 512 MB Random Access Memory (RAM), and
100 GB Hard Disk Drive (HDD). The system consists of
three independently installed and configured components;
namely front tier, server application and the knowledge base
server (back-end tier). The front-end is coded with HTML,
AJAX, and JavaScript programming languages. The HTML
tags were employed to structure the outlook of the web
pages in the system, while Java Script code were introduced
to authenticate and validate the data entered on the designed
web pages. AJAX codes were employed to download data
from the server. Both HTML, AJAX, and JavaScript) pro-
vide a wide range of capabilities with several free editors.
The middle tier is an intermediary between the front and the
back ends and provides medium for presenting user’s re-
quest to the server. It requires a network connection for the
knowledge base server at the back end. The middle-tier was
implemented using Hypertext Preprocessor (PHP) Scripting
language which runs about 20 times faster than Java and
provide speedy and extremely easy to adopt environment
for development of very complex web applications. The
back end was implemented using MySQL Database Man-
agement System (DBMS) and hosts the experts’ knowledge.
The choice of MySQL is based on its fast relational database
management capability and functionalities.

The proposed system is designed to enable prospective user
to register and create an account by supplying valid details
as specified on the account set up page presented in Fig-
ure 6. The Login page enables registered users to access
the system by providing correct login details (username and
password) with pre-assigned privileges. Upon successful lo-
gin, the Home Page that holds the information on the risks
factors and indicators of Heart Failure disease is displayed.
The Home page also provides links to pages for patient’s
profile entry and update and diagnosis. It also leads to the
history page on which a brief summary of previous diagno-
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sis results is presented at a glance.

g

4 Yoo gt Sy Fr D ot s Do
¥

NOME | REGISTRATION

Figure 6: User Account Creation Page

Table 4 shows the figures which represent the ratings of
forty (40) randomly selected heart failure patients at the
State Specialist Hospital, Akure, Nigeria. The figures were
collected via extensive interaction (interview) with some
patients and medical experts and examination of related
records in the Hospital. Patients’ levels of Heart Failure
Disease were evaluated by domain experts based on signs,
symptoms and results of laboratory investigations. The in-
tensity of the signs, symptoms and investigation was rated
as healthy (0), mild (1), moderate (2), severe (3) and very
severe (4).

Table 5 presents the obtained triangular fuzzy numbers
(TEN) of the figures presented in Table 4. A TFN value
represents the mild, moderate, severe or very severe level
for a diagnosis by using the fuzzifier based on Equation (2)
for a variable. For example, during diagnosis, a cardiologist
may assign a value of 3 out of 4 to Dypsnea While Climb-
ing (DC) attribute to a patient who complained of tiredness
while climbing the stair case. The degree of severity which
represents the triangular fuzzy number is then evaluated as
0.5. The rule base evaluation for the patient with ID “001”
is presented in Table 5.

Itis revealed in Table 6 that seven rules were fired for patient
ID 001. The seven rules generated non-zero minimum val-
ues from the system and for each of the linguistic variables:
mild, moderate, severe, and very severe, their respective out-
put membership function strength falls within the range (O -
1) while the result of the diagnosis is computed using RSS
inference technique as follows:

Mild = VR72 = 0.252 = 0.25
Moderate = vV R2?2 = 1/0.252 = 0.25

Severe = VR62 + R152 + R202
= 1/0.502 + 0.252 + 0.502 = 0.75

Very Severe = v/ R10? + R17?
= +/0.502 + 0.252 = 0.56
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Table 4: Rating of Patients with Respect to Heart Failure Diagnosis Attributes

Pat.ID RD OP ND DE DC HR VE

LC wz HS

>
o
&)
o)
T
(@)
Py
N
N

001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040

W N P WO WADOowWhDWwOoOWWNMNERIRNOWOWIEREDNSROIRWORNWWHRDIBDNOWOWIEREIRNOMNIPEP WM
W B NN WNNDRNMNNDMAENDDERPRWRNNDWODENDNNMNNNDWRRASERNDNWDD™SDDW®WRERNMO®
P N R W R W R R NN OWNORBDEREREREIAENEREDNER®WRWRWRNRNDERNDNDWWRNWRPR M
O W N P P B NNOWNDB DRDNDWNEREROWNWNMNDENERRERNDNDNEDNDNNWRNRODDNDENDNDNNDNRN
N N R RPN OOIRIRPRREPRWNORDIER®WRERNODMINDNNERRNRORNIERRRPEPRNRRDDMRRELRFPL M
O WO NN WHAOR WHAIREREPNWONRNIERONOWONRINIRBNDOWMDMOIRWWNRNIERIRNRRDNDWNNO W
O W WA NO DM WMNIDNIDEINOMNNEDRNDDBRRNWOIRWHRADNDWDARWNNERWRNRNONRNO W W WN

P NN NN P O W R PN W R 0O NP ODNWERFPFPDNDNDDNDRPRND WD RPRPDNDWWDNDDNDDNDODNDDNDDNDLPRE
W P W W o W oONO WDIMDNDEWWOOPRFPR WO WO WwWwWwOo wo wkFk WEFE NP WWO WO W K-
O P O O F O N FPF N FPF FP PFP WOS P WNMNOOOOOOO KR ONONPEPOPRFP WP WWODNMNMONDN
P O NN O N PFPF O O O O O N O WP W ODMNPEFPF P ODNDNDODNEDNDNDORPOOODMNDDNDDNDELEDNDNNDN
O P NN W EFP N B WDN WDNWORPDNDBEROWWMNEDNDDWDNDNDBEWNDNDNDODNDDNDWDNDDNDDNDAS
W Wk WA B P NN WP P O RFPNDNDNDNDMNDOWDRDEPEPOEAEDNMNEPENMNDNNMNNDMNENERERPRPNDEDNDPRERERERPDN
N B P DN PFEP DN PO PR BMPFP P P ODNBMPDNDNPEPEDNDPEPRPRPDNDDNDPREPERPRPODNERPEPWDNDODNMDNDDNIREPRWLPREPRP
N P O P N EFEP N W WORFR PFPNDBRERDNWEDNDWREAEDNDOPRPRNDNEREROOWOWENDNNDNDIERENDNDOWWON

The fuzzy set from the RSS is then defuzzified to obtain the
crisp output of the inference engine using the discrete Cen-
troid of Area (CoA) technique as follows:

(0.25%0.3)+(0.25%0.5)+(0.75%0.7)+(0.56%0.9)

Crisp OQutput = (0.25)+(0.25)+(0.75)+(0.56)

= 0.69

Based on Table 4, this output indicates that the patient
‘D001’ has possibility of severe heart failure. The judg-
ments for the authenticity of these results were based on

18

cognitive and emotional considerations. Cognitive consid-
eration involves the use of patients’ alcohol, smoking, fam-
ily and other related history while emotional consideration
involves the use of such factors as job, social and family
induced stresses which may necessitate bed rest. The com-
puted crisp outputs for all the fired rules for the other thirty
nine patients fall within the range predefined by medical ex-
perts. Figure 7 shows the percentage of the diagnosis status
based on obtained crisp values for the 40 patients.

ISSN 1927-6974 E-ISSN 1927-6982



www.sciedu.ca/air

Atrtificial Intelligence Research

2015, Vol. 4, No. 1

Table 5: Triangular Fuzzy Numbers of the Data in Table 4

PAT RD OP ND DE DC HR VE LC WzZ HS AP IP BP CR ZF

001 075 050 050 025 075 050 025 000 000 000 025 075 025 000 0.25
002 050 075 075 025 000 000 050 025 05 000 025 025 000 0.00 0.00
003 000 025 000 025 000 025 050 025 0.00 025 000 025 000 050 0.50
004 075 000 050 025 000 050 050 025 05 000 025 025 025 0.00 050
005 000 050 025 000 075 025 000 000 000 050 025 050 075 025 0.25
006 025 050 050 025 000 075 025 025 050 050 025 025 025 025 0.00
007 000 075 050 025 000 025 025 025 050 000 0.00 025 0.00 025 025
008 050 075 025 025 025 000 025 025 000 050 0.00 000 000 0.00 025
009 050 050 025 050 0.00 025 050 050 025 000 0.00 025 025 025 0.00
010 025 025 0.00 025 000 050 000 050 000 000 000 025 000 050 0.50
011 075 025 025 025 000 05 025 025 050 000 0.00 025 025 0.00 0.00
012 075 000 025 025 025 000 025 000 000 025 025 050 025 025 0.0
013 050 075 050 000 000 000 050 025 050 000 025 075 025 0.00 0.00
014 050 000 0.00 025 000 075 075 050 000 025 000 025 0.00 0.00 0.00
015 025 000 050 025 000 050 050 025 050 000 025 025 025 0.00 0.00
016 000 050 000 000 025 025 025 000 000 000 0.00 050 075 025 025
017 050 025 050 000 000 025 075 025 075 000 025 025 050 025 0.00
018 000 025 000 025 000 000 050 025 050 000 025 025 000 0.00 0.00
019 000 025 025 000 025 050 000 025 000 000 000 000 075 0.00 025
020 075 025 075 025 025 000 000 000 050 000 000 025 050 025 0.75
021 025 075 000 025 075 025 050 0.00 000 000 000 050 025 0.00 0.00
022 000 050 025 050 0.00 000 025 050 050 000 025 050 025 025 050
023 050 075 075 025 025 000 075 025 000 000 000 000 025 0.00 0.25
024 050 025 000 050 000 025 075 0.00 000 025 050 075 025 075 0.00
025 025 050 000 000 050 000 025 000 000 050 000 025 000 025 050
026 000 000 075 025 000 050 000 025 05 075 050 000 000 0.00 0.25
027 025 075 000 050 075 025 025 0.00 05 000 0.00 000 000 0.00 0.75
028 050 025 000 025 000 000 025 050 000 050 025 050 000 0.00 025
029 000 075 025 000 025 000 000 000 025 000 000 025 045 0.00 0.00
030 050 025 050 075 050 075 025 050 075 000 0.00 050 050 075 0.00
031 075 025 025 025 000 05 025 025 050 000 000 025 025 0.00 0.00
032 050 000 025 050 000 000 025 0.00 000 025 0.00 050 025 0.00 050
033 075 075 000 025 000 000 050 000 025 000 000 075 025 075 0.50
034 075 025 000 025 000 075 075 050 000 025 000 025 000 025 025
035 050 025 050 075 000 050 000 000 050 000 025 000 075 0.00 0.00
036 000 050 000 000 025 025 025 000 000 000 000 025 075 025 025
037 050 025 050 000 000 025 075 025 050 000 025 025 050 025 0.00
038 000 025 000 025 000 000 050 025 05 000 025 025 000 0.00 0.00
039 025 075 025 050 025 050 050 025 0.00 000 000 000 050 075 0.00
040 050 050 000 000 025 000 000 000 05 000 000 000 050 025 025

A formative evaluation of the system based on the view and
responses of 50 out of 63 randomly selected experts at Spe-
cialist Hospital, Akure, Nigeria on diagnosis of heart fail-
ure disease was conducted in line with some indices. The
view and responses were sampled using questionnaire and
interview methods. The selections of the respondents were
freely done without any form of bias. The first section of
the questionnaire focused on the relevant information about
the respondent which includes name and year of experience.

The second section featured the evaluation indices such as
Published by Sciedu Press

accessibility, availability, level of interaction, menu driven
support, support for diagnosis and decision support. The
indices were rated on a scale of 5, 4, 3, 2 and 1 for "Excel-
lent", "Very Good", "Good", "Average" and "Poor" respec-
tively. Summaries of the Average ratings of the system by
the 50 experts are presented 13 in Table 7 (A=Accessibility,
B=Availability, C= Level of Interaction, D= Menu Driven
support, E= Support for Diagnosis, F= Usefulness for Deci-
sion Making).
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Table 6: Rule Base Evaluation for Patient with ID 001

Rle RD OP ND DE DC HR VE LC WZ HS AP P  BP CR ZF Conclusion Lomeere
Min. Value
- - - - - 025 025 - - 025 - - - - - Moderate 0.25
050 - 075 - - - 050 - - - - - - - Severe 050
025 025 - - - - 050 - - - - 025 - - 050  Mild 0.25
10 - - - - - 050 075 - 050 - - 050 050 - 050 V. Severe 0.50
15 - - - 075 050 - - - - - 025 - 075 025 025 Severe 0.25
17 - - 025 - - - 025 - 050 - - - - - 0.75 V. Severe 0.25
20 075 - 075 - B - 050 - 0.75 - B - - - - Severe 0.50
ing on "Accessibility" is attributed to the weak nature of the
20 system’s Internet platform.
£ . 5 Conclusions
§ 18 j This research work has explored and applied fuzzy logic
s IR concept to medical diagnosis of heart failure disease due
g —21 1 I to its strength in providing accurate solutions when several
ol decision variables are involved. The system runs on the In-
Mild Moderate Severe  VerySevere ternet for global access to patients’ record and collabora-
T tion among experts. The design and implementation of the

Figure 7: Diagnosis Status for the 40 Patients

Table 7: Experts Evaluation Results

Index Average Rating
A 2.17
3.59
4.01
3.71
4.23
4.05

mMmooOo

According to Tables 7, all the 50 surveyed experts gave 2.17
(Average), 3.59 (Good), 4.01 (Very Good), 3.71 (Good),
4.23 (Very Good) and 4.05 (Very Good) average ratings for
the proposed system in term of the "accessibility", "avail-
ability", "level of interaction", "menu driven support”, "sup-
port for diagnosis" and "usefulness for decision making" re-
spectively. These results revealed manageable differences in
the ratings of the indices and also denote encouraging and
acceptable performances to the experts. The "Average" rat-

system involves a three tier architecture comprising of the
Front-end, Middle-end and Back-end. The front-end engine
is the Internet platform while the middle-end contains the
Application Engine characterized by insertion, update and
query transactions. The back-end engine on its own houses
the system’s database. With the proposed system, it is pos-
sible to maintain easy access and maintenance of patients
and experts profiles with great emphasis on system person-
alization. The system provides adequate security and pri-
vacy mechanisms with a view to guaranteeing the integrity
of its database. The profile of the administrator and users of
the system are adequately authenticated at the application’s
levels of entry. The satisfactory performance of the system
based on ratings by experts has been reported.

Future research aims at improving the performance ratings
especially in areas of "accessibility" through enhanced and
fortified modules and improvement of the Front end (Inter-
net) Engine. Consideration will also be given to alternative
platform, front-end, middleend and back-end engines with
more emphasis on open sourced applications that are ver-
satile and robust with improved usage, privacy and security
features.
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