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ABSTRACT

In a health monitoring system, an Android-based Health Detector (AHD) application uses fuzzy Mamdani to detect
health concerns. The data given can be used as an input for multi-sensor readings produced from physiological health
detection. The body's total health is determined when the detected health is merged with the fuzzy Mamdani algorithm.
Anger, apathy, and apathy were calculated as variables. The fuzzy Mamdani method to body health problems involves
creating fuzzy sets, applying implications functions, and synthesizing rules. This study found that aging affects both
men's and women's health. Persons over 65 are more likely than younger people to suffer health issues, even if only a
minority of them have been diagnosed. The fuzzy Mamdani technique had a high accuracy rate of 93.33 percent in this

study.
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1. INTRODUCTION

In the era of the Covid-19 pandemic, one of the most
important things for humans is health. Determination of
health is done by monitoring heart rate, body
temperature, blood pressure, and oxygen levels in the
blood would help to establish an individual health
baseline and alert users of abnormalities indicating that
further medical attention [1].

Generally, the determination of health is carried out
by medical personnel and smart support equipment.
Given the track record of information from the WHO
(World Health Organization) has more than 1.7 million
cases of Covid-19 worldwide [2], this requires
technology that can monitor patients without physical
contact. Several technologies have been developed for
health monitoring, such as WSN (Wireless Sensor
Network) [3], WBAN (Wireless Body Area Network),
and IWBN (Implanted Wireless Body Area Network) [4].

WBAN is a branch of WSN which is related to
sensors installed on the human body [5]. Wireless Body
Area Network technology through the use of wireless
sensors on the body provides a remote and real-time
health monitoring system. By building a body health

monitoring system using WBAN technology based on
android. It is hoped that the health condition of the body
can be monitored directly for both medical personnel.

Health monitoring is less effective without
determining health conditions. Determination of health
conditions is useful for providing information on health
conditions and as a guide in taking medical action. In this
study, the implementation of the fuzzy Mamdani method
will be carried out on the results of a body health
monitoring system that utilizes Artificial Intelligence
(Al) technology.

One of the fields that use artificial intelligence is
fuzzy logic. Fuzzy logic is a way to map problems from
input to expected output. Fuzzy logic is used to translate
a scale by using language (linguistic) and can cultivate
uncertainly so that it quickly decides a human reason.
One method of fuzzy logic technique is the fuzzy
Mamdani method [6].

In paper [6] the fuzzy Mamdani method was
successfully applied to diagnose cataract eye disease with
input in the form of cataract eye disease symptoms and
output in the form of cataract eye disease. The results of
testing the accuracy of the expert system for diagnosing
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cataract eye disease with the fuzzy Mamdani method are
78%. Similar to paper [7] the fuzzy Mamdani method has
also been successfully implemented to diagnose cancer
risk and has achieved 81% success with the system.

From the studies above, the fuzzy Mamdani method
is able to make decisions or conclusions. In this case, the
fuzzy Mamdani method is applied to determine the health
condition of the body from the results of health
monitoring.

2. LITERATURE REVIEW

2.1. Body Health Condition

The condition of the body's health is to state the state
of a person's body. According to medical Journal BMJ
[8], health according to the World Health Organization
(WHO) is a state of complate physical, mental, and social
well-being and not marely the absence of disease or
infirmity. Determination of health can be done by
checking or monitoring vital signs. Based on the
monitoring of vital signs, the value of the monitoring
results obtained must be within the recommended range
S0 as not to require medical action.

The action referred to in the context of the doctor-
patient relationship can be narrowed down to non-
pharmacological therapy for the patient. Most of the
medical procedures are part of the surgical field. For
other medical terms, namely indications, indications are
conditions that cause a therapy, action, or investigation to
be carried out. The indication can also be a sign that leads
to a specific clinical conclusion or diagnosis.

2.2. Checking or Monitoring Vital Signs

Examination or monitoring of vital signs is a
measurement of the most basic body functions carried out
to find out clinical signs and is useful for strengthening
the diagnosis of a disease. Vital signs in the body can be
said as a benchmark to see the general health condition.
Heart rate, body temperature, blood pressure, and blood
oxygen levels are vital signs that are routinely checked
and monitored.

2.2.1. Age

Age refers to the number of completed years between
a person’s date of birth and the reference date [9]. The
following age categories according to the Indonesian
Ministry of Health (2009):
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Table 1. Age Category

Age Category Year Range

Early Adolescence 12-16

Late Adolescence 17-25

Early Adulthood 26 — 35

Late Adulthood 36 —45

Early Old Age 46 — 55

Late Old Age 56 — 65

Old Age >60
2.2.2. Gender

Gender affects heart rate, body, temperature and
blood pressure. Gender also effect heart rate. In addition,
available reports are controversial, with some reporting a
higher HRV for female than for male subjects and others
reporting the converse [10]. Wunderlich declared that
women might have higher normal body temperature than
men,but other invest threetors had found the opposite. No
study with strong or fairly strong evidence reported
axillary temperature by gender pared with the definition
of today [11]. Recent studies have shown that blood
pressure is higher in men than in women at similar ages.
After menopause, however, blood pressure increases in
women to levels even higher than in men [12].

2.2.3. Heart Rate

The heart rate (HR) or pulse is the frequency of
cardiac cycles, expressed as beats per minute (bpm). The
HR changes according to the body’s need and is
susceptible to alteration in the body’s normal state [1].
The normal heart rate range for adults who do not have
health problems is 60 — 100 beats per minute [13].
Measurement of human heart rate based on age can be
seen in the following table.

Table 2. Number of Heartbeats Per Minute by Age

Min Average
Age Max (bpm
g (bpm) (bpm) (bpm)
6 years — 12
65 100 83
years
12 years — 18
60 90 85
years
19 years — 69
60 100 80
years
> 70 years old 60 100 80
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2.2.4. Body Temperature

Body temperature provides insight into a person's
physiological state. Elevated body temperature is
indicative of fever and decreased body temperature is
indicative of low blood flow due to circulatory shock [1].
The normal body temperature range for adults who do not
have health problems is 36.3 - 37.3 °C [13].
Measurement of human body temperature by age can be
seen in Table 2.

Table 3. Human Body Temperature Based on Age

Age (Mér; Max (°C) Az/ezéa)ge
6 years — 12 years 37 37 37
12 years — 18 years 36,1 37 37
19 years — 69 years, 36,1 37,2 36,65
> 70 years old 35 37,2 37,2

2.2.5. Blood Pressure

Blood pressure is one of the most important signs of
a person's general health. The two most significant
numbers in blood pressure are the maxima (systolic) and
minima (diastolic). The typical blood pressure measuring
device is the sphygmomanometer. A healthy person's
blood pressure is below 120/80 (systolic/diastolic),
higher blood pressure was diagnosed as hypertension [1].
Measuring human blood pressure by age can be seen in
table 4.

Table 4. Blood Pressure by Age

Age Systole Diastole

g (mmHg) (mmHg)

6 years — 12 years 110-110 60-70
12 years — 18 years 110-120 60 — 65
19 years — 69 years 110-140 60— 90
> 70 years old 120 - 140 70-90

2.2.6. Oxygen Levels in The Blood or Oxygen
Saturation

Oxygen saturation or oxygenation is the
concentration of oxyhemoglobin in the blood divided by
the sum of the concentration of oxy- and deoxy-
hemoglobin in the blood. In a healthy adult, pulse
oxygenation should be at least 95% [1].
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Table 5. Oxygen Saturation

Normal 95 - 100%

Low <95%

2.3. Wireless Body Area Network (WBAN)

Current wireless communication technology can be
used for monitoring certain parameters as in the wireless
sensor network (WSN) which consists of a collection of
sensors that transmit data through radio wave media. One
branch of WSN that is specifically related to sensors that
are installed inside, on the surface, or worn by humans is
the wireless body area network (WBAN) [5].

Sensors that can transmit data wirelessly are installed
to improve various health services and also improve the
quality of life [14]. This technology is called a wireless
body area network (WBAN). To monitor vital signs in
the body, WBAN is structured in an architecture
consisting of nodes, microcontroller chips, wireless
communication modules, and data communication
devices connected to certain networks. Figure 1 below is
an illustration of the WBAN architecture [15].

Figure 1 Architecture Wireless Body Area Network

2.4. Android-Based WBAN Monitoring System

Wireless Body Area Network (WBAN) technology is
closely related to the development of the Internet of
Things (loT), where various digital communication
devices are connected to an internet network so that data
exchange becomes much easier to do with such a wide
application [16]. The WBAN monitoring system has the
potential to provide remote health monitoring services,
fitness programs, diagnosis of chronic diseases, and so
on. In addition, the current rapid development of
smartphones also supports the growth of health-related
wireless sensor network applications. Smartphones have
many operating systems, one of which is Android..

2.5. Fuzzy Mamdani Method

The fuzzy Mamdani method is one part of the fuzzy
inference system that is useful for drawing conclusions
or the best decision in uncertain problems. The fuzzy
Mamdani method in the process uses linguistic methods,

357



ATLANTIS

PRESS

making it easier to understand. The decision-making
process using the fuzzy Mamdani method to obtain the
best decision is carried out through several stages,
namely the formation of fuzzy sets, application of
implication functions, the composition of rules, and
defuzzification [6].

3. RESEARCH METHODOLOGY

This study divided the design into two parts, namely
hardware design and software design.

3.1. Hardware Design

Sensor MAX 5050GP

Sensor MAX 30100

Cloud Server |_y, Android

Sensor MLX 90614

. 3 °d T
G &
AARARARA

Driver Motor LZ98N
Motor DC and
Selonoid

NodeMCU
Figure 2 Block Diagram Hardware Systems

Figure 2, the body health monitoring system is
designed using a NodeMCU microcontroller equipped
with ESP 8266 as a wifi module in it which is used for
data processing which is equipped with a MAX 5050GP
sensor as a blood pressure sensor, a MAX 30100 sensor,
namely a heart rate sensor and blood oxygen levels. In
addition, it also uses the MLX 90614 sensor as a body
temperature sensor, a DC motor is used to pump air
pressure, a solenoid as a lock or hold the valve and air
exhaust, and also a DC motor driver, L298N as a driver
for DC motors and solenoids to the NodeMCU. After
getting sensor reading data, the NodeMCU ESP8266
which is connected to wifi will send data to the server as
a database and sent it in real-time. Then Android will
display the results of reading sensor data.

Overall system performance in this test, sensors and
other components will automatically work to detect body
health by displaying information on body temperature,
blood pressure, heart rate, and oxygen levels in the blood
as well as providing emergency messages about the state
of the body (healthy, indications, and need action).

3.2. Software Design

The design of the software that is made is very
important in terms of the mathematical processing of the
entire program. The monitoring system is designed to be
able to detect the measurement value of vital signs from
a person's body so that the sensor reading value is
obtained in real-time.
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Software design is the design of the workflow system
using the fuzzy Mamdani method in the form of
determining the health condition of the body from the
sensor readings. The design of the software in this system
includes the design of determining health conditions
using the fuzzy Mamdani method to determine the health
condition of the body based on three parameters, namely
Healthy, Indications and Needs Action.

3.3. Data Processing

After going through the stages of hardware design and
software design, the next stage is the data processing
process. The application of the fuzzy Mamdani method
for data processing in this system is started from the
input, and output. On the input there are seven inputs
consisting of age, gender, body temperature readings,
systolic and diastolic blood pressure, heart rate, and
oxygen levels in the blood. Then it produces three outputs
in the form of determining the condition of the body's
health, namely Healthy, Indications, and Needs Action.
Through WBAN technology, wireless sensors placed on
the body will detect measurements of vital signs. After
the sensor has been detected and sent to the android, it
will get information in the form of body health
monitoring data results where the data is processed first
before determining the health condition.

This data processing is carried out by the fuzzy
Mamdani method, where the fuzzy Mamdani is found on
android. Data processing is carried out using Android
Studio programming which is governed by all commands
to classify the body's health conditions (Healthy,
Indications, and Need Action). So, the datas is processed
on Android, then Android will read the datas by
following per under with the orders that have been
regulated therein and then determines the results of the
body health monitoring data including determining
which health conditions.

Crisp Input

Fuzzy Set

|

Applications Functiors=
mplications and Composition
Rules

Fuzzy Result Ouiput

Figure 3 Fuzzy Mandani Method Process Flowchart
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3.3.1. Stages of The Fuzzy Mamdani Method

In determining health conditions, the fuzzy
Mamdani method is used to determine the health
condition of a person's body based on inputs in the form
of age, gender, heart rate, body temperature, systolic
blood pressure, diastolic blood pressure, and blood
oxygen levels. To get the output, namely determining the
condition of the body's health, three stages are needed,
namely:

e  Formation Of a Fuzzy Set or Known as The
Fuzzification

In fuzzy Mamdani Method, the variables are divided
into one or more fuzzy sets. The fuzzy variables are
divided into seven variables, namely age, gender, heart
rate, body temperature, systolic blood pressure, diastolic
blood pressure, and blood oxygen levels. The variables
used in this study are shown in table 6.

Table 6. The Conversation Universe For Each Fuzzy
Variable

. Universe of
Fuzzy Variable .
Conversation

Age [12,90]

Gender [0,1]
Heart rate [0,120]

Body temperature [0,40]
Systolic Blood Pressure [0,160]
Diastolic Blood Pressure [0,100]
Oxygen Levels in the Blood [0,100]

e Implication Function App

The second stage of the fuzzy Mamdani method is
the application of the implication function. The
implication function is useful for knowing the
relationship between the premises and the conclusion.
The form of this implication function is the statement IF
Xis ATHEN Y is B, where X and Y are scalars, and A
and B are fuzzy sets. In terms of fuzzy logic, propositions
following IF are called antecedents, while propositions
following THEN are called consequent. This fuzzy
proposition or rule can be extended by using a fuzzy
AND link (intersection).

Based on the input variables used, the following
rules can be formed which consist of 1728 rules:

[Rule 1]: If you are young, male sex, weak heart rate, cold
body temperature, low systolic blood pressure, low
diastolic blood pressure, and low blood oxygen level then
the body's health condition status needs action.
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[Rule 1728]: If old age, female gender, fast heart rate, hot
body temperature, high systolic blood pressure, high
diastolic blood pressure, and normal blood oxygen levels,
the health status of the body requires action.

3.4. Composition Rules

The third stage of the fuzzy Mamdani method is the
composition of the rules. In this third stage, a procedure
to determine the inference of the set and the correlation
between rules uses the Max method. The fuzzy set
solution is obtained by taking the maximum value from
the rule output.

/-‘sf(x)

= max(min_sehat, max(min_indikasi, min_butuh tindakan))

With u,,(x) stating the results of the fuzzy set,
namely the health condition of the body, min_sehat stating
the minimum healthy value obtained from the output of
the rule, min_indication stating the minimum value of the
indication obtained from the output of the rule, and
min_needing action which states the minimum value of
requiring action obtained from the output of the rule.

Defuzzification in this study is not used, the results
of determining the health condition of the body are in the
form of fuzzy sets.

4. RESULT AND DISCUSSION

4.1. Body Health Monitoring System Design
Results

The system design results are divided into hardware
design and monitoring system software. The results of the
hardware design made in the form of a body health
monitoring system, while the results of the software
design were made in the form of a health condition
determination page on the android application.

4.2. Hardware Design

The hardware design of the body health monitoring
system uses three sensors, one L298N module, DC
motor, solenoid, and NodeMCU microcontroller which
has been successfully made according to the illustration
of the tool design. The hardware (hardware) of the body
health monitoring system is placed in a small box or box
to avoid the risk of damage so that the tool will still work
optimally. The following are the results that have been
achieved in the manufacture of hardware (hardware).
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In Figure 6, the source coding of the fuzzy Mamdani
method for the fuzzification stage uses the Java
programming language. At this stage of fuzzification of
the input variables, namely the results of sensor readings,
the formation of a fuzzy set. Furthermore, the
membership function of each fuzzy set is determined by
input variables as shown in Figure 7 as follows. Figure 7
is source coding for one example of calculating the
membership function for young and middle age groups.

File Edit View Navigate Code Analyze Refactor Build Run Tools VCS
N app sc main  java com = example = datakesehatan = ® Fuzzy i h

© Fuzzyjava i activity_dataxml e activity_data_grafikxml & hal

double hitung uUsia_muda(double Usia)(
double hasil = ©;
if (Usia >= 12 && Usia < 1B){
hasil = 1;
Jelse if ( Usia >= 18 &8 Usia < 21){
hasil = (21 - Usia)/(21 - 18);
Jelse(
hasil = 03

}

return hasil;

}

Figure 5 Side of Hardware Display

double hitung uUsia_sedang(double Usia){
. . - . . - double hasil = 0;
The hardware in this air quality monitoring system

if (Usia >= 12 8& Usia < 18)(

hasil = o;

is placed in a box to reduce the risk of damage. It
continues to work optimally in conditions of the data
collection process. It makes it easier to find the location
of the tool with location information in latitude and
longitude.

4.3. Software Design

From the tests that have been carried out, the results
obtained that the software is an Application Of Health
Detector (AHD) application that has included the fuzzy
Mamdani method to determine the health condition of the
body. Here is the source coding of the stages of the fuzzy
Mamdani method on the android studio:

File Edit View Navigate Code Analyze Refactor Build Ri
DATAKESEHATAN app sc  main java com example de
s activity_data_grafik.

© Fuzzyjova il activity_dataxml

package com.example.datakesehatan;

¥ 1 Proec

import android.util.log;

public class Fuzzy {

# Resource Manager

¥ Build Variants

uTDD_agak_tinggi=-o;

e uTDD_t

= § Logcat £ Database Inspector = TODO /2 Profiler

[ * daemon started successfullv (42 minutes aao)

Figure 6 Fuzzy Mamdani Method Source Coding

Jelse if ( Usia >=

hasil = (Usia -

18 && Usia

18) / (21 - 18);

Yelse if ( Usia >= 21 &8 Usia < 68 ) {
hasil = 1;

Jelse if ( Usia >= 68 &8 Usia < 71) {
hasil = (71 - Usia) / (71 - 68);

yelsef
hasil = 0;

3}

= & Logcat £ Database Inspector = TODO ¢ Profiler B8 Terminal

* daemon started successfully (55 minutes ago)

Figure 7 Source coding in determining membership
functions

© Andecid Studio Asctic Fox | 202631 RC 1 v

Prtiec B temin Qg

Figure 8 Source coding Application Stage Function
Implication

In Figure 8, the source coding stages of the
implication function application use the Java
programming language. At this stage, the formation of a
proposition or fuzzy rule, the fuzzy rules formed are 1728
rules. However, because too many rules will make the
source code too long, so it is divided into 11 groups of
rules with 160 rules in each group. After the proposition
is formed, the next step is to determine the membership
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value based on the fuzzy rules that have been formed
using the Min implication function.

fle Edit View Novigate Code Analyze Refactor Buid Run Tools

ATAKESEHATAN  app

(yesterday 11:00 PM)

Figure 9 Source coding Stages Composition Rules

In Figure 9 the source coding for the rule
composition stage is the last stage of the fuzzy Mamdani
method. At this stage, determining the fuzzy set solution
is obtained by taking the maximum value from the output
rules using the Max method. The fuzzy set results
obtained are the determination of health conditions. And
the following is the source code of the health condition
page on the android studio:

File Edit View Navigate Code Analyze Refactor Build Run Tools VCS Window Help

KESEHATAN ' app = sic ' main  java = com  example ' datakesehatan = @ halamankor

© Fuzzyjova il activity_dataml g activity_data_grafieml @ halaman

m. exanple . datakesehatan;

© 10 g public class halamankondisikesehatan extends AppCompatActivity {

o

Database inspector = TODO /2 Profier B Terminal

* daemon started successfully (29 minutes ago)

Figure 10 Source coding Health Conditions Page View

In Figure 10, the source coding of the health
condition page display uses the XML markup language
and the Java programming language. On this health
condition page, it will display the determination of the
body's health condition which is divided into three
parameters, namely Healthy, Indications, and Need
Action.
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Accuracy (%) = Number Of Matching Data x 100%

Amount Whole Data
= 84 x 100%
90

=93,33 %

From the above calculation, it can be concluded that
the accuracy of the fuzzy Mamdani method in
determining body health conditions is 93.33%.

5. CONCLUSION

The fuzzy Mamdani approach has been successful
in determining the body's health condition. Monitored
outcomes included heart rate, body temperature, blood
pressure, and oxygen levels. Seven fuzzy variables result
in 1728 fuzzy rules. These numerous regulations can
generate problems in establishing rules and determining
health conditions. The monitoring data revealed that age
influences health parameters. Older folks often have
health issues that require attention. Adult age dominant
has a healthy health status, as well as the adolescent age.
In testing, 30 data for tool 1, 30 for tool 2, 30 for tool 3
3. Using fuzzy Mamdani, the performance accuracy of
diagnosing health problems is 93.33 percent.
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