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Abstract: Dengue Hemorrhagic Fever (DHF) has been a public
health problem in Indonesia for the past 47 years. Dengue
hemorrhagic fever or dengue fever is an infection caused by the
dengue virus, which is transmitted by the bite of the female
Aedes aegipty or female Aedes albopictus. This study was
conducted to predict the distributin of dengue hemorrhagic fever
in pringsewu areas using fuzzy logic method. Fuzzy logic
method was selected because it is able to select the best
alternative from all available alternatives. In this study seven
criteria were used as reference in predicting the distribution of
dengue hemorrhagic fever in pre-pregnancy area such criteria
as Population Density, air humidity, water sources, health
facilities, sanitation, sewerage and trash cans. In addition to the
criteria also used the weighting criteria to determine the best
alternative and from the calculation obtained the highest score
found in column d which means that the area or village with
Indication as in column d was an area prone to the distribution
of dengue fever, while the lowest score was in the column y
which means that the area with Indication column y was the
area with the least chance of risk of dengue hemorrhagic fever
distribution.

Index Terms: Prediction, Dengue Hemorrhagic Fever, Fuzzy
Logic, Pringsewu Area.

I. INTRODUCTION

Dengue hemorrhagic fever or dengue fever is an
infection caused by the dengue virus, which is transmitted by
the bite of the female Aedes aegipty or female Aedes
albopictus. Dengue virus consists of four types (strains),
namely dengue type 1, 2, 3, and 4. Dengue virus causes
interference with the capillary arteries and blood clotting
system resulting in bleeding, it can cause death. Usually,
dengue hemorrhagic fever is endemic when the season
change from the rainy season to the dry season or vice versa.
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Aedes aegipty or Aedes albopictus mosquito is found in
tropical and sub-tropical regions.

DHF has been a public health problem in Indonesia for
the past 47 years. Since 1968 there had been an increase in
the number of provinces and districts / cities from 2
provinces and 2 cities, it became 34 provinces and 436
(85%) districts / cities in 2015. There had also been an
increase in the number of dengue cases from 1968 to 126,675
cases in in 2015. The increase and distribution of dengue
case can be caused by high population mobility, urban
development, climate change, changes in population density
and distribution and other epidemiological factors[1]

The number of fluctuating DHF cases every year. Data

from the Directorate of Prevention and Control of Vector and
Zoonotic Diseases, Ministry of Health, Republic of
Indonesia, in 2014 the number of patients reached 100,347.
907 of them died. In 2015, 129,650 sufferered and 1,071
died. Whereas in 2016 there were 202,314 sufferered and
1,593 died . In 2016, from January to May there were 17,877
cases, with 115 deaths. The morbidity or Incidence Rate (IR)
in 34 provinces in 2015 reached 50.75 per 100 thousand
residents, and IR in 2016 reached 78.85 per 100 thousand
residents. This number is still higher than the national IR
target of 49 per 100,000 residents[2].
Based on the research [3] done by researcher for ranking
dengue hemorrhagic fever endemic area in Tanggamus
district using the saw method. In this study several criteria
were used such as Population Density, air humidity, clean
water sources and available health facilities. In this study 10
sub-districts were used as an alternative, 2 of which received
the highest scores and 5 sub-districts included in the area
prone to dengue fever.

Based on the research [4] conducted on the relationship
of environmental and community behavior factors with the
presence of DHF vectors in the working area of health center
in southern Denpasar. The study showed that environmental
factors associated with the presence of DHF vectors like
Population Density, population mobility, the existence of
places of worship, the presence of ornamental plant pots, the
presence of rainwater channels, and the existence of
containers. Community behavior factors related to the
presence of DHF vectors
were actions and habits of
hanging clothes. Research
on the distribution of
dengue hemorrhagic fever
has also been carried out
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using applications as in the study [5]

This study was a study of the spread of dengue hemorhagic
fever in  Ambon city which was detected using
backpropagation neural network applications. In addition to
the backpropagation method, 82 data were used, 62 data as
data and 20 test data such as average temperature data,
rainfall, number of rainy days, Population Density and larva
free numbers. From this study the best network architecture
obtained from one hidden layer with the number of neurons
as many as 25 neurons and the best training algorithm was by
using a learning rate of 0.4 with MSE 0.0099. Thus, the
Application of Artificial Neural Networks backpropagation
method for the spread of DHF in Ambon City had a high
degree of accuracy, which was equal to 90%.

Lampung Province as a result from the expansion of
Tanggamus Regency, and was formed based on Law Number
48 of 2008 dated November 26, 2008 and was inaugurated on
April 3, 2009 by the Minister of Home Affairs.
Geographically, Pringsewu Regency is located between
104045'25 "- 10508'42" East Longitude (BT) and 508'10 "-
5034'27" South Latitude (LS), with an area of around 625
km2 or 62,500 Ha or only equivalent to 2% of the area of
Lampung Province with a population density of 379,190
inhabitants, which has the possibility of the distribution of
dengue hemorrhagic fever [6][7]

This study designed a system that can be used as an effort
to predict the spread of dengue hemorrhagic fever in
Pringsewu District using the fuzzy logic method based on
predetermined criteria. The existence of this research was
expected to help minimize the distribution of dengue
hemorrhagic fever in Pringsewu District.

Il. THEORETICAL BASE
2.1. Decision Support System

Decision Support System is an information system to
help user for semi-structured decision-making processes to
be more effective using analyst model and available data [8].
Decision support systems is information system that helps
identify decision-making opportunity or provide information
to help make decisions[9].

Three goals that must be achieved by a decision support
system, namely, the system must be able to assist manager in
making decisions to solve semi-structured problem, the
system must be able to support manager rather than trying to
replace them and the system must be able to improve the
effectiveness of manager's decision making[10].

2.2. Dengue Hemorrhagic Fever

Dengue Hemorrhagic Fever (DHF) is an infectious
disease caused by one of four different dengue viruses and is
transmitted through mosquitoes, especially Aedes Aegypti
and Aedes Albopictus which are found in the tropics and
subtropics, including the history of Indonesia to the northern
part of Australia. Indonesia is a tropical country that is very
good for the growth of animals and plants. Indonesia is also a
place for developing various diseases, especially diseases
carried by vectors, namely pathogenic agent spreading
organisms from host to host, such as mosquitoes which
transmit diseases such as Dengue Hemorrhagic Fever. The
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incidence of dengue hemorrhagic fever in Indonesia tends to
increase in the middle of the rainy season around January,
and tends to fall from February to the end of the year.

The Indonesian Ministry of Health noted that the number
of people with Dengue Hemorrhagic Fever (DHF) in
Indonesia in January-February 2016 was 13,219 people with
DHF with 137 deaths. The highest proportion of sufferers
who experience DHF in Indonesia WAS in the group of
children aged 5-14 years, reaching 42.72% and the second in
the age range of 15-44 years, reaching 34.49%.

2.3 Fuzzy Method

Fuzzy logic was first introduced by Jan Lukasiewicz in the
1920s as a possible theory [11][12]. In 1965 Lotfi A. Zadeh, a
professor from the University of California rediscovered,
identified, promoted, and fought for fuzzy logic[13].
Professor Zadeh expanded the possibility of working space
into a system of formal mathematical logic and a new concept
to apply the term natural language to his research, "Fuzzy
Sets". Fuzzy set theory is a mathematical framework used to
present uncertainty, obscurity, inaccuracy, lack of
information and partial truth [14][15], [16].

Fuzzy logic comes from fuzzy set. Unlike the strict set, where
an object can be a member or not a member, the fuzzy set is a
set whose membership is only partially [16].

I1l. RESEARCH METHOD

3.1 Data Collection Method
3.1.1 Observation

Observation is a method of collecting data through direct
observation or a careful and direct review of the field or
location of the study [17-21]. Through observation the author
can see and observe directly and can gather information that
might not be obtained during the interview [22-26]. By
making observation author can see the conditions and
problem that exist in field [27-32].

3.1.2 Literature Review

Literature review is the stage of data collection by
collecting and studying various references to previous
journals related to the problem to be studied [33-36].

3.2 Fuzzy Logic

Fuzzy set theory was introduced by Lothfi A. Zadeh in
1965. Zadeh stated a definition of a fuzzy set [37-39].

Fuzzy set is a collection of mathematical principle as
illustration of knowledge based on membership degree
rather than using low degree of classical binary logic [40-43].
A fuzzy set is a set that contains the degree of membership
that varies in the set. These elements can also enter into other
fuzzy sets in the same universe. Conventional sets can be
written in mathematical form as follows .

(Lifx €A
Ha {'ﬂ_[ﬂ,:'fx e A

Fuzzy set is set that has
fuzzy boundary. The basic
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idea of fuzzy set theory is that all elements are included in a
fuzzy set with a certain degree of membership, which is not
only true or false (0 or 1), but can be partially true or partly
wrong to some degrees. This degree is usually taken from the
real score in the interval [0,1]. The degree of fuzzy
membership can be denoted as follows.

l.ifx €4
DLifx e A
0= py =1,if xis partly in 4

Ha (x)=

Fuzzy logic has a degree of membership in the range of 0
(zero) to 1 (one), different from the digital logic which only
has two values, namely 1 (one) or 0 (zero). Fuzzy logic is
used to translate a quantity that is expressed using language
(linguistic). For example, the speed rate of a vehicle that is
expressed slowly, rather quickly, quickly, and very quickly.

Membership function p_A (x) maps object or attribute (X)
to positive real numbers at intervals [0,1]. Because the
characteristic of the mapping is like a function, it is called a
membership function. A membership function p A (x) is
characterized by mapping p_A: (x) — [0,1], x eX where X is
areal number that describes an object or attribute and x is a
universe study and A is a subset of x.

The membership function is x element mapping of the
universe of membership score using a form of theoretical
function. Some fuzzy membership functions:

1. Liniear representation

The input mapping to the degree of membership is described
as a straight line. There were 2 forms, namely linear up and
down representation. On a rising representation curve, the
set started at the dominant score that had a degree of
membership [0] and moved right to the dominant with a
higher degree of membership.

Membership function was :

On the linear representation curve, the set started at the
dominant score that had a degree of membership [1] and
moved right toward the dominant with a lower degree of
membership.

Membership function was :

2. Triangle Curve Representation

Representation of triangle curve was combination
between two lines (linear)

Membership function was :

hx=aorx=rc
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The trapezoidal curve representation resembled a
triangular shape, but had several points with a membership
degree of 1.

Membership function was :

Ihr=aorx=d
X—-4a
ﬂ:aiéxi&
-“ﬂ{‘r:]: Lb=x=c¢
d-x
d-c

cEr=d

4. Soldier form curve representation

Area that is located on the right and left side had not
been changed, the are was used to terminate the variables of
a fuzzy area. On the left shoulder the curve moved from true
to false, and on the right side the curve moved from false to
true.

In a study to predict the distribution of Dengue
Hemorrhagic Fever in Pringsewu Area using the fuzzy logic
method that required weighting criteria, weight score and
alternatives tested using the village area as the sample.

a. Weight Criteria
The criteria of the predictions the spread of dengue
fever in the fuzzy logic Pringsewu uses the method
used to determine Criteria and weights for performing
calculations that extend to the best alternative.

Table 1. Criteria Table

CRITERIA COD  WEIGH

E T
Population density  C1 20
Air humidity Cc2 10
Water source C3 10
Health facility C4 15
Sewerage C5 10
Sanitation C6 20
Trash can C7 15

IV. RESULTS AND DISCUSSION

4.1. Discussion

Prediction of the Dengue Hemorrhagic Fever
distribution in Pringsewu Area using fuzzy logic method.
The Villages predicted to be infected by Dengue
Hemorrhagic Fever distribution were the villages with the
lowest score. Where the lowest score obtained from each
criterion that was the reference of the study considered to be
a vulnerable area due to the spread of Dengue Hemorrhagic
Fever. The membership score of Dengue Hemorrhagic Fever
prone area to detect the distribution of Dengue Hemorrhagic
Fever can be calculated in Pringsewu area as follows:

Population Density

—-a
ualx)=q pg 2 =¥ =D u(area)s5[325] =
L—X —3L
— b=x=c¢ H—O.9167
3. Trapesium Trapezoid Curve Representation
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o0—-621.5

ufarea )z[62.5] = —'—0 9167

ularea ),[92.5] = 22250 9167

120 —50

u(area )p[110] = 2= ~=0.6667

ularea )5y [140] = 222200 6667

150-12D

Air Humidity

ularea );z[7.3] = oo 10—1.5
u(area )z[12.5] = - >=15
u(area )[17.5] = %:1,5

ulorea ) [24] = #- 08

25-20
ufarea )5 [29] = =—2=0.8
Water Source
u(area )s[7.5] = 5 ==05
u(area )z[12:5] = =205
u(area )c[17.5] = —-2=05
uimrea ):r[19] = ;E:i:=0.8

ularea )r[24] = 2=2=0 8

25-2D

Health Facility

E—4.5

uiorea Jsz[4.3] = ——0 5
ulorea gz[7.5] = ——O 5
ulorea }-[10.5] = %:0.5

ularea )p[11] = 2= °—o 6667

ularea o [14] = 2= 1‘_0 6667

Sewerage

ufarea)sz[3] =205
ularea ) [5]———05
ularea )[7] = _05
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ufarea )r[7] = 2205
ufarea )5 [8] = 22205
Sanitation

ularea )sg[3] = i:::o.s
ularea )g[3] = —0 5
ularea )c[7] = 7_0 5
ufarea )r[7] = =2=05
ularea )r[8] = o 9_0 5
Trash Can

u(area )sz[7.5] = -2=1.5
u(area )z[12.5] = - >=15
ufarea )c[17.5] = ——>=15
u(area )r[24] = ===08
ufarea )5 [29] = =—2=0.8

4.2 Inference

This stage is the determination of rules of fuzzy logic
system, rules can be formed to express the relation between
input and output. Each rule is an implementation, the
operator used to connect the input rule is the operator and
what describes the input-output is If-Then

a. IF Indication A area [Very low indication] and
Indication B [Very high indication] and Population
Density [Very high population density] THEN
disease distribution risk [Very high risk]

b. IF Indication A area [ low indication] and Indication
B [Very high indication] and Population Density
[Very high population density] THEN disease
distribution risk [ high risk]

c. IF Indication A area [ medium indication] and
Indication B [medium indication] and Population
Density [Very high population density] THEN
disease distribution
risk [ medium risk]

d. IF Indication A area
[high  indication]
and Indication B
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[low indication] and Population Density [Very high
population density] THEN disease distribution risk
[ low risk]

e. IF Indication A area [very low indication] and
Indication B [Very high indication] and Population
Density [Very high population density] THEN
disease distribution risk [ high risk]

f. IF Indication A area [ very low indication] and
Indication B [Very high indication] and Population
Density[Very high population density] THEN
disease distribution risk [ high risk]

g. IF Indication A area [very low indication] and
Indication B [Very high indication] and Population
Density[high population density] THEN disease
distribution risk [ high risk]

h. IF Indication A area [medium indication] and
Indication B [medium indication] and Population
Density[high population density] THEN disease
distribution risk [ high risk]

i. IF Indication A area [high indication] and Indication
B [low indication] and Population Density[high
population density] THEN disease distribution risk
[ low risk]

j. IF Indication A area [very high indication] and
Indication B [very low indication] and Population
Density[high population density] THEN disease
distribution risk [ low risk ]

k. IF Indication A area [very low indication] and
Indication B [Very high indication] and Population
Density[medium population density] THEN disease
distribution risk [ medium risk ]

I. IF Indication A area [ low indication] and Indication B
[high indication] and Population Density[medium
population density] THEN disease distribution risk
[ medium risk ]

m. IF Indication A area [medium indication] and
Indication B [medium indication] and Population
Density[medium population density] THEN disease
distribution risk [ low risk]

n. IF Indication A area [high indication] and Indication
B [low indication] and Population Density[medium
population density] THEN disease distribution risk
[ low risk]

o. IF Indication A area [very high indication] and
Indication B [Very low indication] and Population
Density[medium population density] THEN disease
distribution risk [ medium risk]
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p. IF Indication A area [very low indication] and
Indication B [Very high indication] and Population
Density[low population density] THEN disease
distribution risk [ medium risk]

g. IF Indication A area [ low indication] and Indication B
[ high indication] and Population Density [low
population density] THEN disease distribution risk
[ medium risk]

r. IF Indication A area [medium indication] and
Indication B [medium indication] and Population
Density[low population density] THEN disease
distribution risk [ low risk]

s. IF Indication A area [high indication] and Indication
B [low indication] and Population Density[low
population density] THEN disease distribution risk
[low risk]

t. IF Indication A area [very high indication] and
Indication B [Very low indication] and Population
Density[low population density] THEN disease
distribution risk [ low risk]

u. IF Indication A area [very low indication] and
Indication B [Very high indication] and Population
Density[very low population density] THEN
disease distribution risk [ low risk]

v. IF Indication A area [ low indication] and Indication B
[high indication] and Population Density[very low
population density] THEN disease distribution risk
[ high risk]

w. IF Indication A area [medium indication] and
Indication B [medium indication] and Population
Density[very low population density] THEN
disease distribution risk [ very low risk]

X. IF Indication A area [high indication] and Indication
B [low indication] and Population Density [very low
population density] THEN disease distribution risk
[ low risk]

y. IF Indication A area [very high indication] and
Indication B [Very low indication] and Population
Density[medium population density] THEN disease
distribution risk [ low risk ]

4.3  Defuzzification
This stage is also called input and process affirmation
stage. This assertion is a blurred set obtained from the
momposition between blurred rules, for which the output
obtained is a number in the
weight of the blurred set.

z, =222 31 61467
52667
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Z, === =31.80454
Z, == =31.41246
Zy=—— =32.24089
, == =30.68249
7 == =29,90300
T =29.1238
p T 2834462
z- =% =28.34464
§ == =26.78624
kT =28.97854
| == =28.23553
Zp=ao =27.49253
o S =27.49255
o = =26,00652
Z, =———=23.87006
Zq == =23.12705
» S =22.38405
Z, =———=22.38406
¢ =T =20.89803
Zy= oo =18.76158
, =2 =18.01857
T man =17.27556
2 oo =17.27558
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_B5.0015
¥ cam3a

=15.78955

From calculation above, it can be seen in the following table
2:

Table 2. Total Score and Ranking

No Total Score RANK
A 31.61467332 3
B 31.80454554 2
C 31.41246228 4
D 32.24089298 1
E 30.68249114 5
F 29.90300775 6
g 29.12381657 7
h 28.34462539 10
i 28.34464487 9
j 26.78624304 14
k 28.97854516 8
| 28.23553888 11
m 27.4925326 13
n 27.49255118 12
0 26.00652004 15
p 23.87006353 16
q 23.12705725 17
r 22.38405097 19
S 22.38406955 18
t 20.89803841 20
u 18.7615819 21
Y 18.01857562 22
w 17.27556934 24
X 17.27558792 23
y 15.78955679 25

From the table above, it can be seen that the highest score was
found in column d, it means region or village with indication
such as in column d was prone area to the distribution of
Dengue Hemorrhagic Fever, while the lowest score was in
column y, which mean that regions with column y was
region with a small risk of Dengue Hemorrhagic Fever
distribution.

V. CONCLUSION AND SUGGESTION
5.1 Conclusion

From this study it can be concluded that Fuzzy Logic method
can be used to predict the spread of Dengue Hemorrhagic
Fever in Pringsewu District by using several criteria for
Population Density, Air Humidity, Water Sources, Health
Facilities, sewerage, Sanitation, and Trash.

5.2 Suggestion

In this study authors only used seven criteria. As for
suggestions for future research, this research can still be
developed again by means of
adding criteria, changing
the weight score of criteria
or by using other methods
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and developing into expert system in application form.
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