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Abstract

A major problem in medical diagnosis is precisioma accuracy. The
traditional medical diagnosis method is charactegtz with the
aforementioned problem. The advent of computers hé&sd to the
development of several algorithms and technologiesnsure accuracy and
precision. One such technology is fuzzy logic- arteigral part of Artificial
Intelligence. In this work, we proposed a medicalgnostic system using
fuzzy logic which would enhance the accuracy andegision of the entire
system. The focus of the work is on malaria diagisoand the system was
developed using Visual Prolog Programming Language
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1.0 Introduction

Nowadays the use of computer technology in thals$i@f medical diagnosis, treatment of ailments mrahagement of
hospital patients has increased. Artificial Ingdince methods have significantly been used in rakdipplications, and
research efforts have been concentrated on medigart systems and other computer-based techniuedsealthcare
delivery.

The diagnosis of diseases involves several levielsicertainty and imprecision. Patients cannotaghctly how they feel,
doctors and nurses might not be able to state lgxhetir observations and laboratory results cdagdraught with errors in
some cases. All these complexities in medical achakes the traditional quantitative approachethods inappropriate.
Diagnosis is concerned with the development of ritlgms and techniques that are able to determieedhrect behaviour of
a system, and should determine accurately thegatte system that is not functioning well and treure of the fault.
Computation is based on observations which prowiftemation on the current behaviour.

Among all the soft computing techniques, we adoptedconcept of fuzzy logic in this work due to dépability to make
decisions in an environment characterized by impi@t, uncertainty, and incomplete information. Buiogic also mimics
the human decision making process due to its glditvork from approximate reasoning to findingraqise solution. Fuzzy
expert systems on the other hand, incorporate elesntd fuzzy logic which is a logically consistemay of reasoning that
can cope with uncertainty, vagueness, and impectisiherent in medical diagnosis.

2.0 Related Work

Malaria has been a major health problem in the dvaith about 2 to 3 million new cases arising ewsegr. The direct costs
of malaria include huge personal and public expgene in both prevention and treatment, and thé@ent costs are the
human sufferings and deaths recorded [1]. Sevesatsvhave shown that malaria remains a major putdalth problem in

Africa [2]. However concerted efforts are contidyahade to control malaria spread and transmissiatten and between
communities.

While good attempts have been made at designingragsfor diagnosing tropical diseases, some drakgberperienced
necessitated the use of soft computing techniqugbsamneed to arrive at the most accurate diagndsis design of a fuzzy
logic controller for medical devices based on safewvusing fuzzy logic was proposed in [3] whileegatiption of how fuzzy
logic was used in human health care system anchduical data of patients was given in [4]. The oB&zzy logic in the

neuro-medical field for the evaluation of faciapeassions and human behaviours and the use otdatgsis in the survey
of different fuzzy techniques was reported in [3fmHata et al. [6] working on a scheme to conaaetimedical diagnosis
and health management and describing the praetigdication of management system for health.
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Description of the immune system on the basis dfranune algorithm using a flowchart and fuzzy cdigei map has been
carried out [7]. Also, a survey related to fuzzgity fuzzy sets, and relations, fuzzy control dmeirtapplications in medical
science with an explanation on patient glucose setting, fuzzy automata concept was the focussafraey carried out in
[8].

A good number of expert systems have been desiignede diagnosis and treatment of some diseagasb& and Anupam
[9] developed a fuzzy expert system approach usinliiple experts for dynamic follow-up of endemisehses in which
they discussed some applications of fuzzy logicepts to medical diagnosis of some diseases.

Abraham and Nath [10] proposed a medical expetesy$or managing tropical diseases and assistedcatatbctors in the
diagnosis of symptoms related to a given tropicsgase, suggesting likely ailments and advancisgipte treatments based
on the medical expert system diagnosis. The exgstem’s inference engine used forward chaininghaism to search
the knowledge base for symptoms and its assoctherdpy which matched the query supplied by theepatThe authors
noted that the proposed system is useful for peefif@ut access to medical facilities and thoseuirayg first-aid solution
before approaching a medical consultant. Our ptagerk is a medical diagnostic system that usegyflagic techniques to
diagnose patients using so

3.0 Methodology

Irrua Specialist Teaching Hospital, Irrua in Ed@t8t Nigeria was used for data collection and weolsecondary data
collection using direct interview of consultants general medicine. Data collected included varimedaria diagnosis
methods, their signs and symptoms while previogearch works and texts in the subject area wersutied. These were
used to design and implement the software via ViBualog.

The proposed system is a medical diagnostic syateng the fuzzy logic techniques and will allowipats to be diagnosed
using a software-based technique. The patientexected to input their symptoms, then the systess & fuzzy logic
algorithm to infer the likely ailment or diseaseil@tthe diagnosis would be done at the click of@use.

4.0 Design and Implementation
We describe the approach adopted in developingtkeall framework for the fuzzy medical diagnosystem for malaria
fever. The framework is made up of four major comgrts;

* The User Interface

e Information Manager

» Knowledge Base and

e Fuzzy Inference System

User Interface:

Information Enter Patients

Manager Symptoms
| I
v
| Fuzzy Inference
Knowledge System
Base

I

Output Results >

Fig. 4.1: Fuzzy Medical Diagnostic System

4.1 User Interface:provides a graphical interface showing the symgteonsidered and their respective acronyms. An
interactive interface where patients can enter thegnptoms in relation to its intensity during krledge acquisition
is also provided.

4.2 Information Manager: this is used for the creation and manipulationnédrmation in the knowledge base, for
maintaining the patient’s history. It uses timeieiforecasting method for predicting the futurengspast and
present data.

4.3 Knowledge Base:the symptoms of the patient is keyed into théesysand based on the weights of the symptoms
stored in the knowledge base, the symptoms aréfirzzRules related to patients’ symptoms andakiss are also
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stored here. The Knowledge Base maintains twesafolr each entity set to store the current dadshéstorical data
separately.

4.4 Fuzzy Inference Systemthe Inference Engine has two components namethaduler for scheduling the rules to
be fired and an interpreter that fires the ruldagi$orward chaining inference technique. It applfezzy rules to
make decisions on diseases.

The result is displayed which shows the diagnokthe patient.

4.5 Algorlthm for the Proposed System

iv.
V.

Vi.
Vii.

viii.

iX.
X.

Input signs and symptoms of patient’s complaitd the system. Set n = number of signs and sympto
Search the knowledge-base for the disease tthwitas the identified signs and symptoms.

Get the weighting factors (wf) (the associateigree of intensity) wf = 1, 2, 3, 4 where 1 =dni@ =
moderate, 3 = severe and 4 = very severe.

Apply fuzzy rules

Map fuzzy inputs into their respective weighfixgtors to determine their degree of membership
Determine the rule base evaluating (non-mininuahoes)

Determine the firing strength of the rules R

Calculate the degree of truth R, of each suly evaluating the nonzero minimum value

Compute the intensity of the disease

Fig4.2: Algorithm for proposed Fuzzy System

Output fuzzy diagnosis

Input Signs & symptoms of
patientcomplaints into the

1
Search the Knowledge base for the disease d, which
has the identifiedsigns & Symptoms

i

Get the weighting factors (wf), the associated degree
of intensity

Apply fuzzy rules.Map fuzzy inputs into their respective
weighting factors to determine their degree of membership

|

Determine the rule base evaluating (non minimum values)

!

Determine the firing strength of the rules, R

|

Calculate the degree of truth R, of each rules by evaluating
the nonzero minimum value

Compute the Intensity of the Disease

Output Fuzzy Diagnosis

Knowledge
Base

Fig. 4.3: Flowchart for the Medical Diagnosis System
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4.6 Unified Modeling Language:The Unified Modeling Language (UML) analysis of theoposed system could be
done using the following:
a. Class diagram

b. Use Case diagram
4.6.1 Class Diagramthe class diagram in the UML is a type of statiacture diagram that describes the structure of a

system by showing the system’s classes, theiibatés, operations (or methods), and the relatipgshmong

object.
Patient Medical Expert
Patient_id: String -expert_id: String
Name: String +name: String
Address: String i X -address: String
1 Diagnosis
Age: Integer 1 +phone_number:
Sex: Enum -patient_id: String String
Phone_no: String -date_of_visit: +email: String
o Date n

Email: String +specialization: String

-expert_id: String
+ Reagistration() n

-Report: String[]

+ Registration()
+ Diagnosis()

Fig. 4.4:Class diagram for the Proposed System

4.6.2 Use Case DiagramA use case diagram at its simplest is a representat a user’s interaction with the system and
depicts the specifications of a use case. It catrgyothe different types of users of a system tdvarious ways
they interact with the system. This type of diagiiarntypically used in conjunction with the textuesle case and will
often be accompanied by other types of diagrange#is

Regicter

Submit
Symptom

Update

Knowledge

View

Diagnosis
Domain

Patients
Fig. 4.5: Use Case diagram for the proposed system
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4.6.3 Knowledge Base DesigiThe Knowledge Base consists of rules for 11 symptomwhich each rule has symptoms
and corresponding weight with the number of symgteanging from 3 to 10 depending on the optioncteteby
the user. Moreover, there are many rules for theyhiptoms that are created for making decisionsh Eale has a
symptom and their corresponding conditions basedsoweight. The total number of conditions in eaale base
varies from 10 to 110. Along with it, there are @ete rules for common and general symptoms anditomms. For
every symptom the user is selecting, the rule baserates the possible conditions from equatiohs 4.4.

4.6.4 Fuzzy Logic:Fuzzy logic plays an important role in medicinazEy logic is a method that renders precise what is
imprecise in the world of medicine using naturalgaage. Fuzzy logic systems are excellent in hagdimbiguous
and imprecise information prevalent in medical diagjs. The basic aim of the fuzzy logic and fuzeytheory is
exploitation of the tolerance that exists in impgec vague or partially truth data for obtainingrm@obust and
cheaper solutions [11].

4.6.5 Fuzzification: the first step in the development of fuzzy logikpert system is to construct fuzzy sets for the
parameters. This is shown in equations (4.1) t8) ([elow. On the basis of domain experts’ knowledgeh input
and output parameters selected for this researoh described with four linguistic variables (mildpderate, severe
and very severe). The range of fuzzy value for dadhistic is given as:

Linguistic Variables Fuzzy Values
Mild 0.1<x<0.3
Moderate 0.3x<0.6
Severe 0.86x<0.8
Very Severe 0.8x<1.0

Fuzzification begins with the transformation of tlaev data using the functions that are expressedjiations (4.1) to (4.3)
below. During the process, linguistic variables ax@luated using triangular membership function aeompanied by
associated degree of membership ranging from Oat® shown in the equations below. These formukasletermined by aid
of both the expert doctors in the field.

( 0 ifx<01

© =22 if 01 <x <02

mild (x) = - 4.1)
22X 01 <x <0.2

0.2
L " 0ifx =02

( 0, if x<0.3
x-0.3 .
—, if 0.3 <x <040

0.2

045X if 0.41 < x < 0.44
0.15

0, if x =045

moderate (x) = ! (4.2)

( 0 if x <05
0% if0.6 <x <08

(4.3)

0.7—x

, if 0.6 <x <07

severe (x) = { 0.2
0.2
\ 0,  ifx =07

( 0 ifx <08

98 if08 <x <1.0
0.2

0.2—x
0.1

(4.4)

very severe (x) =
if 0.1 <x <0.2

0ifx =20.2
The next step in the fuzzification process is theaopment of fuzzy rules. The fuzzy rules for tt@search were developed
with the assistance of domain experts (five medamitors). The knowledge base of Fuzzy Expert @y Malaria
Management (FESMM) has so many fuzzy rules desigvitdthe aid of combination theory- only valid eslwere chosen

by the domain experts. A rule is said to fire ifyaof the precedence parameters (mild, moderatesregvery severe)
evaluate to true (1); otherwise, if all the paraaneevaluate to false (0), it does not fire.
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5.0 Conclusion

The use of fuzzy logic for medical diagnosis pregdn efficient way to assist inexperienced phgsgito arrive at the final
diagnosis of malaria more quickly and efficientflfhe developed fuzzy logic based medical diagnastgtem provides a
decision support platform to assist malaria reseas; physicians and other health practitionemsataria endemic regions.
We believe that the approach proposed in this stiidysed intelligently, could be an effective te@ue for diagnosing
malaria. Furthermore, implementation of the systeould reduce doctors’ workload during consultatenmd ease other
problems associated with hospital consultations.
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