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Abstract— The adept technique is mostly utilized in artificial intelligence in medical (AIM). They contain clinical data about a committed
assignment and inclined to reason information with from contextual investigations to create clear outcomes. Chikungunya is an infection
that brought about by an infection that spreads through mosquito chomps. The most common manifestations of chikungunya are fever and
joint ache. In the proposed expert diagnose system using the fuzzy rule set for Chikungunya. The Expert System has six input variables.
The input variables are PT-PCR, Serological test, joint pain, Headache, Muscle Pain and Body Temperature that detects output situation of
a Chikungunya to be No, borderline, severe or deep-rooted. In order to validate the proposed algorithm MATLAB simulation is followed and
outcomes achieved that express simultaneousness to the output values according to the Mamdani Model of the Fuzzy control System. The

general precision of the Proposed Expert System is 94%.

Index Terms— Chikungunya virus, Fuzzy expert system, Fuzzy inference system, Fuzzy soft expert system, Chikungunya virus infection,

DC-MFES, MFES

1 INTRODUCTION

hikungunya is a disease that caused by a virus that

spreads through mosquito bites. The most common

symptoms of chikungunya are fever and joint ache.
Computer-aided testing has a main part to identify infections
or disease in medicinal. Decision taking system are using fre-
quently in medicinal as a result of their precision and efficien-
cy. Medical skilled are at ease to use in that kind of decision
expert system.

Chikungunya is a contamination caused by a virus that
spreads through mosquito bites. The most common symptoms
of chikungunya are fever and joint ache. Other signs and
symptoms may encompass headache, muscle pain, joint swell-
ing, or rash. It cannot be handed from individual to man or
woman. It has been visible in as many as sixty countries in
Asia, Europe, Africa, and the Americas. There is no vaccine or
medication to prevent Chikungunya. [1]

Chikungunya fever may also bring about a continual seg-
ment as well as the section of acute infection. Within the ex-
treme phase, tiers have been identified. A viral level in the
course of the primary five to seven days, in the course of which
viremia happens, observed by using a convalescent level lasting
about ten days, at some stage in which signs and symptoms
improve and the virus cannot be detected within the blood.
Typically, the ailment starts with a sudden high fever that lasts
from a few days to per week, and sometimes up to ten days.
The fever is commonly above thirty-nine degree and on occa-
sion achieving forty degree and may be biphasic lasting numer-
ous days, breaking, after which returning.

IJSER staff will edit and complete the final formatting of
your paper. [2]

Fuzzy logic is worthy for nonlinear and complex mathe-
matical models. Fuzzy logic plays an important role in counter
productivity of handling huge clinical data processing in a
way to present it in an understandable way. The other im-
portant function of fuzzy logic is to convert the human lan-
guage rules into mathematical values.

2 LITERATURE REVIEW

Chikungunya is a disease that effect in humans characterized
through fever, rash, and pain in muscle mass and joints.
Chikungunya is a disease resulting from the arbovirus that
stocks the identical vector with dengue virus. One specific
problem in identifying Chikungunya contamination is its
overlapping distribution with dengue viruses. The use of
gadget gaining knowledge of techniques has taken an awe-
some role within the diagnosis of this disorder. Our focus is to
take a look at clinical and bodily prognosis of chikungunya
viral fever patients. Our mission objectives to integrate special
sources of information and to discover patterns of analysis, for
predicting the viral inflamed sufferers and their consequences
related to Chikungunya virus.[3][4]

Chikungunya Virus disease is the main cause of mortality in
the world including Egypt. The early detection of disease is a
very important element for fitness of lives. Even enough work
is required for early detection of diseases and still looking
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challengeable. Reseatcher proposed a fuzzy soft expert system
for the prediction of Chikungunya Virus disease based on
fuzzy soft set theory but with low accuracy. [5]

Fuzzy logic help the system designer and as well as the com-
puter machine. The ultimate results obtained from the fuzzy
logic are much precise and authentic and represents such a
system that works in the real world., Fuzzy logic controllers
are integrally reliable because of its ability to capture heuristic
expertly. Fuzzy logic controllers perform well in a controlled
situation. [6]

3 Proposed Fuzzy Based Work

Our proposed Diagnosis of Chikungunya Virus Using Fuzzy
Soft Expert System (DC - MFSES) is described in this area. At
the first stage, we determined the factors which can impact up-
on diagnosis of Chikungunya Virus disease. If these factors
were not relevant then we discarded. Other relevant factors
were selected for the next step. These selected relevant factors
were now converted into their fuzzy crisp values. These fuzzy
crisp values were converted into fuzzy input sets by using
fuzzification. After fuzzification, fuzzy rules were determined
with the help of the medical experts then fuzzy rules were
applied on fuzzy input sets in inference. Fuzzy output sets
were generated as output by inference. Fuzzy output sets con-
verted into the crisp output and obtained diagnosis of
Chikungunya Virus disease using crisp values.

In proposed system six input variables were used to diag-
nosis Chikungunya Virus disease using fuzzy logic mathemat-
ically can be written as

WL PT-PCR N Serological N JP N Headache N MP 0 BT (Pt,ST, jp,h,mp,bt)

=min [upr-pcr (Pt), Hserological (ST),Hjp (jP), Meadache(h) ,yp(mp),
uer(bt) |

Fig. 1 Proposed Implementation Clinical Decision Support System
in the Diagnosis Chikungunya Virus Disease Using Fuzzy Logic
System Model

3.1 Input Variables

To diagnosis Chikungunya Virus disease, the statistical values
of fuzzy input variables are used. Fuzzy Input Variables are sta-
tistical values used to diagnosis the chikungunya disease. Six
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input variables are used in the proposed study. Six input varia-
bles are used in the proposed study. The description of all input
variables with their numerical values is shown in below table

3.2 Output Variables

TABLE 1
INPUT VARIABLE WITH RANGES

The above shown variables are used in fuzzy as input

St. Input Variables Range Description
Na.
1 FT-FCR 0—53 Tormal
TU/LY 25 — 50 Borderline
>33 Fositive
E Serclogical Test <50 Tormal
(=/dL) 235—-535 Bactsrial
>6.0 Wirus
3 Toint Fain O—7 o
2-25 Mirdmnamm
»22 MLascirnamn
E Headachs 0—13 )
5—25 Mfirdrnun
>20 MLascirnamn
E Tluscle Fain 0—02 ™o Pain
01-35 Mfirdrman
>3.2 Mfascirnamn
& Bodv Leomprabms F=E] Hypothermia
=C) 50 — &5 MNeormal
23 - 55 Feaver
>50 Hypsrpyrecia

Diagnosis of Chikungunya Virus Disease using fuzzy
logic has only one variable as output. It is listed below

3.2 Membership Functions

TABLE 2
OUTPUT VARIABLE

"5;' Output Variables Range Description
0-03 Mo
; Diagnosis Chikungunya 0.25-055 Border Line
Wirus Disease (DCD) 0.50-0.85 Severe
075-10 Deep-rooted

The membership function of this system gives curve values
between 0 and 1. The membership function provides a math-
ematical function that offers statistical values of input and
outputvariables.

TABLE 3
MEMBERSHIP FUNCTIONS
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Following are the membership functions of output
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o
Sr. - Mathematical Representation
No Input Variables of Membership Function (ME)
Sr. —_— Mathematical Representatdon . _
No Input Variables of Membership Function (MF) . [ER - .‘?fp‘?ﬂﬂ_ﬁ . 1
oI—mp .
P [T if U.iEmpES.SJ
i ifpt = 45 i oLRsrwiss
sz -pe .
{ = i 4:£-ﬁjc = 53} U g iR
o otherwice if 0.l<smen =< 0.2
B 5T, bemt=ime (DL} = 5 Iiuscle Pain FO2=mp <34 |
PT-PCR. =t =x2 ifa8 = pr = 53 if SAEmpﬁz.sJ
1 (TUL) 1 if 53 << pr = 55 U, {mpE) othsrwiss
P— .
Hyr (Pt = es= Pl-: = &0 Yoo nga (MEF
0 otherwise _;" if 34=mp =35
PTs Peasmee (DL} = 1 if mn = 3.5
o :55 {55 <pt =60 ] otherwiss
1 if pt = 60
o otherwise . i= (B0
!J=T }]:Eﬂ-—m1a‘-t =
1 if EIEESDI
I _ Fo—be N
B e (50 = if30= be = 35
i =48 iy r.'ti"s-r“'[.ss'al
2 if 4.5 <sr=< 5J b
- A W or s (BEF
o =2 if 30 br < 35
il_. ifjp=4 1 if 35= bt =40\
Mgl = 122 faZjo=7 £ fans=be 545J
othetwis 5J p Eody Temperature 0 otherwiss
i = bz +
s Moz R = HaelE0) e if 40 = Br = 45 ‘I
Joint Pam ? l’f4ij?£?] 1 iF45= br = 500,
N 1 if7<jm=42 | = i,fEUgargssJ
42—ip - - .
. — if 42 <= jn <45 o otherwises
Urp :J.E:] 2 -:F 4 3 J W ot srmermmesa U
0 ptherwiss F"T” iF50=hbt < 551
1 FF b+ = CC 4
U g xR = - - - -
P . 5r. Output Variables Mathematical Representation of Membership
- if 42 jo< 45 No Function (MF}
1 if jp= 45 J AP b
0 otherwise 1 if dod = 0.20
ars—dsd - o
{T if 0.20= ss:EU.ZEJ
o otherwizs
M Jieinese wfll]l = )
1 ifh= 131 H ooa seees (d5d) =
ded—a. 20 - I
:sL' fazh=13 == L_J'U.ZU{ES:{U.QS]
o Dtks-i"l-v[.ss*J Disgnosis li_ﬁd Lf-ﬂ.25££5-:£-|:|.4|:| H
Chikungunya Virus B if 0.40 < ded {IJ.SIJJ
e (TR | ) o ; Disease 0 otherwiss
- ifB<h=13 " v =
Hezdache : fesr=z1d s ded) e () =
4 i X ifl2=h=40 L === E}'D&U{fjs;‘{ﬂ.stl]
+2—h -
—_— If40=h =45 1 if 0.50= ded = 0.60
uxi:ﬁ:“lihj = g - ars—dod lf. _"‘"."'_. f
0 othsrwis Erised if D-Eﬂ<:s=<ﬂ-?5J
e o othetwise
e P —
i if 4D= =45 s S (R =
5 k e if 0.60< ded < 0.75
1 fRz45 J 1 if dod = 0.75
] otherwise 0 otherwics J

3.3 Rule Based Lookup Table

The lookup table for proposed Implementation Clinical Sup-
port System in the Chikungunya Virus Disease using Fuzzy
Logic contains 6 inputs and 1 output which makes 972 all pos-
sible rules. This lookup table is developed with the help of

medical and lab experts.

variable to diagnose chikungunya virus infection

TABLE 4
LOOKUP TABLE

IJSER © 2020
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 11, Issue 5, May-2020 603

ISSN 2229-5518

Rie| erpcr | STOPE| yointpain | Headache | MusclePain| o SO Results

1 Mormal Mormal Na Mo Mo Normal Mo

2 MNomnal MNomal Min Mo Mo Nomnal Mo

3 MNomnal MNomal Na Min Mo Nomnal Mo

4 Nomal MNormnal No Mo Min Nomnal Mo

5 MNomnal MNomal Na Max Mo Nomnal Mo

[} Mormal Mormal Mazimum Minimum Mo Hypothemia Borderiine
T Mormal Mormal Mazimum Minimum Mo Nomnal Borderina
8 Mormal Mormal Maximurm Minimum Mo Fever Borderine
g Mormal Mormal Mazimum Minimum Minimum Hypothemia Severa
10 MNomnal MNomal Maximum Minimum Minimum Nomnal Severa
11 Nomal MNormal Mazximum Minimum Minimum Fever Severe
12 Mormal Mormal Mazimum Minimum Minimum Hypempyrexia Severa
13 Border Mormal No Mo Mo Hypothemia Borderiine
14 Border Mormal MNo Mo Mo MNomnal Borderiine
15 Positive Virus Maximum Minimum Hyp Deep- ted
16 Paositive Virus Mazimum Minimum Maximum Nomnal Deap-rooted
17 Paositive Virus Maximum Minimum Maximum Fever Deep-rooted
18 | Positive Virus Masximum Minimum Mesimum Hyperpyrexia Deep-rooted
19 Paositive Virus Mazimum Maximum Mo Hypothemia Deap-rooted
20 Paositive Virus Maximum Maximum Mo Nomal Deep-rooted

Fuzzy IF-THEN rules are the conditional statements which are
applied on the membership functions. These IF-THEN rules
are part of the fuzzy rule base. Rules surface, rules viewer etc.
are depending upon fuzzy rule base. Fuzzy rule base of our
expert system has 972 rules. Rules are denoted by

Rwn, wherel =< n = 972

Rw'= IF PT-PCR is Normal AND Serological is Normal
AND Joint Pain is No AND Headache is No AND Muscle Pain
is No AND Body Temperature is Normal THEN Diagnosis
Chikungunya Virus Disease is No.

Rw?= IF PT-PCR is Normal AND Serological is Normal
AND Joint Pain is Min AND Headache is No AND Muscle
Pain is No AND Body Temperature is Normal THEN Diagno-

sis Chikungunya Virus Disease is No.

Rw?72= IF PT-PCR is Positive AND Serological is Virus AND
Joint Pain is Max AND Headache is Max AND Muscle Pain is
Max AND Body Temperature is Hyperpyrexia THEN Diagno-

sis Chikungunya Virus Disease is Deep-rooted.

3.4 Rule Based Inference Engine

Fuzzy inference is the way towards mapping from an offered
contribution to a yield utilizing fuzzy logic. Its main compo-
nent of fuzzy inference is membership functions, fuzzy logic
operators and if-then rules. A single fuzzy relation is created
by all rules in the fuzzy rule base. It lies under the inner prod-
uct on the input which can be seen as an only fuzzy IF-THEN
rule.

] E Rule Editor: Diagonse Chikungunya Disease_ =0 23

File Edit

View Options

1. If (Serlogical is Normal) and (FT-PCR is Mermal) and (Body-Temprature is Hypothermia) and (Muscle-Pain Ji#8
2. If (Serlogical is Normal) and (PT-PCR is Nermal) and (Body-Temprature is Hypothermia) and (Muscle-Pain
3. If (Serlogical is Normal) and (PT-PCR is Normal) and (Body-Temprature is Hypothermia) and (Muscle-Pain
4. If (Serlogical is Bacterial) and (FT-PCR is Normal) and (Body-Temprature is Normal) and (Muscle-Pain is N
5. If (Serlogical is Normal) and (FT-PCR is Mormal) and (Body-Temprature is Normal) and (Muscle-Pain is Min
§. If (Serlogical is Normaly and (PT-PCR is Mormal) and (Body-Temprature is Normal) and (Muscle-Pain is Min

< i +
If and and and and an

Serlogical is PT-PCR is Body-Temprature Muscle-Pain is Headache is
Bacterial Borderling Normal W
Virus Postive Fever W
none nong Hyperpyrexia n

none

(] not [ not [ not [ not [~ not I
r Connection Weight:

(") or

1 peeterue |  Addre | Changerue | «| >

n FIS to "Diag [ ya Disease” | | Help | Close ”

All rules in the fuzzy rule base are collective into a single
fuzzy relation that lies under inner product on the input uni-
verse of discourse, which is then viewed as an only fuzzy IF-
THEN rule. A suitable operator for combining the rules is un-
ion.

Let Rpcp" be a fuzzy relation that represents fuzzy IF-THEN
rule of the proposed expert system which is,

Rpcpr= PT-PCRr x Serological x Headache® x MP" x Joint
Pain" x BT?--------- ->DCDr

3.5 De-fuzzification of processed Data

Defuzzifier is one of the most essential components of an ex-
pert system. It is the process of mapping the fuzzy sent to the
crisp output. Centre of gravity defuzzifier, the center of aver-
age defuzzifier and maximum defuzzifier are three types of
defuzzifier. The best defuzzifier amongst them is the centre of
gravity defuzzifier. In our proposed clinical support system in
the diagnosis of Chikungunya Virus disease, the center of
gravity defuzzifier is used.
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Diagnosis-Chikungunya-Virus-Disease

0
PT-PCR Serlogical

Fig. 3 Showing relationship between PT-PCR and Seriological
medical test to diagnose chikungunya virus infection

This figure shows a defuzzification which depends on PT-
PCR and Serological. It reflects the output value of Diagnosis
of Chikungunya Virus Disease. This figure shows for all PT-
PCR, Serological is Normal, then there is no change of virus
disease

Diagnosis-Chikungunya-Virus-Disease

Joint-Pain

Fig. 4 Showing relationship between Joint Pain and Headache
physical input variable to diagnose chikungunya virus infection

This graph shows the output of diagnosis of Chikungunya
Virus disease on depends on Joint Pain and Headache. It
shows that Joint Paint is No and Headache is No values 0 -
0.33, then no chance of diagnosis Chikungunya Virus disease.

4 SIMULATION AND CONCLUSION

For simulation results, MATLAB R2017a tool is used.
MATLAB is an efficient and accurate tool for programming, data
analysis, visualization, and computing. For simulation results,
five inputs and one output variable are used. In this research, the
proposed implementation clinical support system in the diagnosis
of Chikungunya disease using fuzzy logic not only diagnosis
Chikungunya disease, but it also shows the different levels of
Chikungunya disease.
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Fig.5 Lookup Diagram of PT-PCR Negative for Proposed Diag-
nosis Chikungunya Disease Expert System
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Fig. 6 Lookup Diagram of Chikungunya Borderline for Proposed
Diagnosis Chikungunya Disease Expert System
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Fig. 7 Lookup Diagram of Acute Chikungunya for Proposed Di-
agnosis Chikungunya Disease Expert System
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Fig.8 Lookup Diagram of Deep-rooted Virus for Proposed Diag-
nosis Chikungunya Disease Expert System

The above shown pictures are simulated results of chikungu-
nya virus taken from different patient lab reports and pro-
cessed by expert doctor’s rule through mamdani fuzzy expert
system

The overall precision of the proposed Implementation Clinical
Support System in the Diagnosis Chikungunya Disease using
Fuzzy Logic is 94% shown in Fig. 4.9. The results of the deci-
sion support system when shared with the specialist, they
found them a very much supportive in taking a decision about
the level/degree of the Chikungunya disease. They found it a
well-established mechanism which has shown a variety of
strength in processing and presenting a combination of differ-
ent variables so comprehensively that the early decision re-
garding the Chikungunya ailments can be made without any
doubt.
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