Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics
Multidisciplinary : Rapid Review : Open Access Journal Vol. 4, No. 2, May 2022, pp.94-106

RESEARCH ARTICLE

elSSN: 2656-8632

Manuscript received December 31, 2021; revised February 6, 2022; accepted February 13, 2022; date of publication May 10, 2022

Digital Object Identifier (DOI): https://doi.org/10.35882/ileeemi.v4i2.7

This work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 International License (CC BY-SA 4.0)

Design Body Mass Index (BMI) and Body Fat

Percentage Using Fuzzy Logic

Irmalia Suryani Faradisa', Radimas Putra Muhammad', and Dyah Ayu Girindraswari®

!Electrical Engineering Department, National Institute of Technology, Malang, Indonesia
Corresponding author: Irmalia Suryani Faradisa (e-mail: irmalia_suryani_faradisa@lecturer.itn.ac.id).

This work was supported in part by the National Institute of Technology, Malang.

ABSTRACT Nutritional status is something that should consider because it is related to the level of health.
Poor health can lead to malnutrition and death. The purpose of this study is to create a device with a system
that can determine the value and category of Body Mass Index (BMI) automatically using fuzzy logic to
maintain nutritional status. However, because BMI can only decide underweight or overweight, it is necessary
to determine the fat percentage based on the British Journal of Nutrition. In determining BMI and fat
percentage, a load cell weight sensor with a capacity of 200 kg as a bodyweight measurement, an ultrasonic
sensor HCSR-04 as a body height measurement, and a keypad that functions to enter a name, age, gender,
and type of activity data. Database in this system can provide and store easier and real-time data, so the data
output is accessible directly. The results are analyzed by comparing the measurement with standard device.
The BMI test taken 5 times, showed that the categories in the system (very thin, thin, normal, heavy, obese)
were the same as the MATLAB test and manual calculations. Meanwhile, the results of testing body fat
percentage taken 4 times also show the same category as the Body Monitor device. So, this system can use

for daily to monitor the condition of nutritional status and fat percentage in real-time.

INDEX TERMS Body Mass Index, Body Fat Percentage, Fuzzy Logic, Database.

I. INTRODUCTION
In determining a person's nutritional status, it can be done
anytime in a simple way, namely by measuring Body Mass
Index (BMI) [1]. Nutritional status is one of the factors that
affect a person's level of health [2]. If a person has poor
nutritional status, it can be associated with poor health. Poor
health is closely related to malnutrition and can increase the
risk of infectious diseases and chronic diseases [3], such as
cardiovascular problems (complications of the heart and blood
vessels, hypertension, and stroke), diabetes, and cancer which
are the causes of death in Indonesia [4], [5]. However, because
the Body Mass Index is only a parameter in determining
nutritional status (such as obesity) or as a measure of
overweight, a parameter of body fat percentage is needed [3].
Fat content is a necessary part of the body that functions as
a source of energy reserves that can affect a person's
nutritional status [6]. One of the things that affect the level of
fat in the body is gender. Fat content in women has a higher

value than fat content in men. That is because women
experience twice the accumulation of fat levels from men who
serve as a protective organ of the body, while men will
experience muscle development [3]. Therefore, everyone
needs to know the value of body fat percentage so that avoid
dangerous diseases due to excess fat. Calculation percentage
of fat content carry out using a predictive formula based on the
British Journal of Nutrition, which uses Body Mass Index
values and age as parameters [7]. Calculation of Body Mass
Index as a determinant of a person's nutritional status can be
done using manual calculations. If the measurement carries
out by many people, then this method is less effective because
it takes a long time [1]. Therefore, the determination of the
Body Mass Index is using a fuzzy logic method that gives
accurate results and does not take a long time [8]. Fuzzy logic
is a logic with some concepts of truth sustaining membership
values between 0 and 1 [9]-[11]. Fuzzy logic methods can use
for determining nutritional status include the Mamdani
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method, the Takagi Sugeno method, and the Tsukamoto
method [10]. In this study, the Mamdani method is used as a
determinant of nutritional status, whereas the Mamdani
method is also known as the Min-Max method [10], [12]. The
Min-Max method is a search for the minimum value in each
rule which then looks for the maximum value from the
combined consequences of each rule.

All measurement results are processed to determine calorie
needs in 1 day and determine what foods a person can
consume with a specific caloric value [13], [14]. The
measurement results are displayed on the LCD and a website
that can accesses anytime and anywhere [14], [15]. Therefore,
the subject can monitor the development of nutritional status
every month and every week, to produce an ideal body
condition. The idealist body condition will result in a healthy
body condition and avoid various chronic diseases [14].

There are several studies related to Body Mass Index, both
calculations using formulas and fuzzy logic methods. In 2017,
research was carried out by Dr. M. Kannan et al, with the title
Mechanized Body Mass Index (BMI) Calculator Using PIC
16F877A [16]. This tool uses an ultrasonic sensor as a body
height meter and a Load Cell as a bodyweight meter, which is
then used to determine the Body Mass Index (BMI) and
displayed on the 20X4 LCD. However, this tool only
calculates the Body Mass Index based on the formula and only
displays the measurement results on the 20X4 LCD. So, the
datum can only be accessed and viewed once. There is also
research related to the BMI, that is accuracy of Sugeno method
with anthropometry on determination natural patient status in
2017 [17]. Defuzzification is the fuzzy method used in
calculating nutritional status, only using the average datum
calculation. The latest research in 2021, A. D. Ab Karim et al,
have researched the calculation of BMI in real-time [18]. This
tool manages to display and save datum in the web-based
application, and give a nutritional advice. However, in this
tool, the calculation of BMI still uses the formula and there is
no calculation of body fat percentage. Munawar A. Riyadi et
al, developed a tool for measuring the percentage of fat content
using electrodes displayed on the LCD [19]. However, this
tool uses weight and height data entered via a keypad. So, data
from the measurement of the percentage of fat content is not
real and can only be seen once because data is not stored.

Based on some of the studies above, the purpose of this
research is to get the results of measuring Body Mass Index
and body fat percentage accurately. Measurements of weight
and height for Body Mass Index and body fat percentage are
carried out directly by sensors, so, real data is obtained.
Furthermore, the determination of the Body Mass Index uses
the fuzzy logic of the Mamdani method which produces more
detailed data, because the defuzzification section produces
data close to the actual results. So, it supports the results of this
tool more accurately. By utilizing Internet of Things-based
technology, the display of the value of each measurement
result can be seen in real-time [20].

Il. MATERIAL AND METHODS

A. EXPERIMENTAL DESIGN

This research was conducted using a load cell weight sensor,
which was installed between 2 acrylics with a thickness of 2.5
cm and a size of 50X50 cm. Moreover, this system uses an
ultrasonic sensor mounted on a pole with a box thickness of
0.3 cm [20]. The subject must be stationary or not moving
much. Collecting data on adult subjects in the age category of
22-23 years [21], and each subject measured 15 times.

1) MATERIALS AND TOOLS

The material used as a mechanical tool is acrylic. Acrylic is
used to provide security to the subject [20]. The acrylic used
is different in each part. It aims to adjust the capacity of the
subject taking measurements.

Meanwhile, the components used in this system include a load
cell weight sensor with a maximum capacity of 200 kg as a
weight measurement[[22], an Ultrasonic HCSR-04 distance
sensor as a height measurement [1], a 4X4 size keypad as a
component for inputting datum (name, age, gender, and
activity factors) [23], DC to DC step-down module, power
supply, Arduino Mega 2560 as a microcontroller, 20X4 LCD
as a display of measurement and calculation results [1], [23],
and the NodeMCU ESP8266 module as a Wi-Fi module that
sends datum to the database [24]. Fuzzy logic was introduced
by Prof. Lotfi A. Zadeh in 1965, which was implemented in
problems with the element of uncertainty [25]. Fuzzy logic
consists of several methods, such as Mamdani, Sugeno, and
Tsukamoto. In this study, the Mamdani fuzzy logic method
was used which has 4 stages, specifically:

a. Fuzzification

This section consists of 2 variables, which are input and output
variables [25]. The input variables consist of body weight and
height, while the output variable is Body Mass Index (BMI).
The two variables are represented in several fuzzy sets:

Body weight = thin, normal, and weight.

Height = short, normal, and tall.

Body Mass Index=very thin, thin, normal, weight, and
obesity.

Input and ouput datum are mapped into membership values

with an interval of 0-1. These membership functions include :

1. Ascending Linear Membership Function is indicated by
the set in the domain with membership degree 0 which
moves to the right towards the domain with a higher
membership degree. The Ascending Linear Membership
Function can be formed as a FIGURE 1 and an equation 1
[25].

0; x<a
x—a
{b—;anSb )

—-a
1; x=>b
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Description:
a = smallest domain when membership degree is smallest.
b = the highest degree of membership in the domain.

Membership
Function

1

ocbb-——— - — —

a Domain

FIGURE 1. Ascending Linear Membership Function.

2. Downward Linear Membership Function is the opposite of
ascending linearity, where the curve starts from the domain
of the highest degree of membership to the domain of the
lowest degree of membership. This is shown in the
FIGURE 2 and equation 2 [25].

X a<x<b )

Description:

a = the smallest domain when the membership degree
value is the highest.

b = least degree in the domain.

Membership
Function

A
1+

a Domain

FIGURE 2. Downward Linear Membership Function.
3. The Triangle Membership Function is a curve with 3

parameter points, that are a, b, and ¢, as shown in the
equation 3 and FIGURE 3 [25].

Membership
Function

0 >
a b . c
Domain
FIGURE 3. The Triangle Membership Function.
0; x<aorx=c
. a<x<bh
b-a’ - 3)
bra, b<x<c
c—b
Description:
a = the smallest domain when membership degree is
highest.

¢ = The smallest degree of membership in the domain.

The Membership Function of the Trapezoid is almost the
same as the shape of a triangle, but there are differences at
some points with the domain of membership degree with a
value of 1. This can be shown by the equation 4 and
confirmed in the FIGURE 4 [26].

Membership
Function

1 _____
u(x)

>

a b c d
Domain
FIGURE 4. The Membership Function of the Trapezoid.
x<aorx=d
a<x<bh
b<x<c @
x=>d
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b. Implication Function Application
In the Mamdani method, the implication function used is
the MIN function which states the relationship between
input and output variables. The connecting operator
between rules is AND whose input and output are
represented by IF-THEN [25].

¢. Rules Composition
The composition rule used in the Mamdani method is the
MAX rule which produces a solution from the maximum
value of the rule [26].

. Defuzzification
The output of the Mamdani method defuzzification in the
form of numbers in the domain of the fuzzy set [26].

2) EXPERIMENT

Testing is carried out after the tool has been designed and
made. This study used five subjects as a test material, with
three of them aged 22 and 23 years [22], with measurements
taken before eating. While the other two use goods. The results

Mass Index. After that, the Body Mass Index was compared
with manual calculations and MATLAB [26]. Tests for the
body fat percentage were carried out on four different subjects
aged 22 and 23 years before eating. The body fat percentage
content was determined by a predictive formula based on the
British Journal of Nutrition. Then the results of the body fat
percentage content are compared with a tool called Body
Monitor. The measurement and calculation data are tested to
send to the website. The test results showed that each data was
success sent with a long time of 16-18 seconds.

B. THE DIAGRAM BLOCK

FIGURE 5 shows that the input process consists of a load cell
sensor, an ultrasonic sensor HCSR-04, and input datum by a
keypad. Datum is processed by the Arduino Mega 2560 with
data inputted via the keypad to be displayed first via the LCD
[24], [27]. Then automatically, the load cell and ultrasonic will
take measurements on the subject [29]. The values of weight
and height were used as the determination of the Body Mass
Index [30]. The Body Mass Index results are used to determine

 E—
| HCSR-04 ) ( )
\____| ULTRASONIC > > LCD 20X4
 SENSOR | 9 y
( A s N
‘]@ _____ 4X4 KEYPAD »| ARDUINO o NODEMCU V3
MEGA 2560 ESP8266
- J \_ Y,
e N
LOAD CELL ol (Fuzzy Losic \ 4
WEIGHT SENSOR > y o8
Algorithm
_J
—
DATABASE P —
/TN .
WWW——_ &
WEBSITE USER

FIGURE 5. The experimental setup and the design diagram block.

of the load cell test as a measure of body weight, compared
with analog weight scales. The ultrasonic sensor HCSR-04
results as a height measurement were compared with manual
measurements. The measurement results are used for Body
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START

Inizialitation of Load Cell
Sensor, Ultrasonic Sensor
and Keypad as Data Input

v

Input Data Using

Keypad : Gender,

Age, and Activity
Factor

v

Displayed on 20X4 LCD

No
READ Load Cell

and Ultrasonic

Determination of BMI Values
and Categories with Fuzzy
Logic

v

Calculation of Body Fat
Percentage

Body Fat Percentage Data
Processed to Determine
Categories

v

Calorie Calculation per Day

v

Determination of Food
Consumption

i

Result Data from
Measurement, Category,
and Consumption
Determination Sent Using
HTTP

No

Data Sent

Yes

Data Received by HTTP,
then Displayed on The
Website

FIGURE 6. Flowchart of the entire Body Mass Index classification system using the fuzzy method and the body fat percentage for database-based

calorie consumption information.

the value and category of the percentage of fat content. Body
Mass Index, body fat percentage, and type of activity are used
as a determinant of calorie needs in 1 day as information
related to food that must consume. All data is sent to the
website using the NodeMCU ESP8266 module, as a Wi-Fi
module, to be stored and displayed so it can be viewed anytime

and anywhere. Moreover, the measurement and calculation
data are displayed on the LCD as a temporary display.

C. THE FLOWCHART
1) FLOWCHART
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The overall flowchart of the Body Mass Index classification However, if the datum is not sent, it will return to the sending
system using the fuzzy method and fat content for calorie process.

consumption information is shown in FIGURE 6. The first
process is an initialization from the load cell pin, HCSR-04
ultrasonic pin, and keypad as input data for name, age, gender,
activity type, which are displayed on the LCD [31]. After the
data appears, the load cell and ultrasonic automatically read
the data from the subject/target. If the load cell and ultrasonic
sensors do not read the data, the process will return to the
initialization of each input component. However, when the
load cell and ultrasonic successfully read the data, the next
process is to determine the Body Mass Index (BMI) value and
its category using the Mamdani fuzzy method [31]. Body
Mass Index values are combined with age data into the body
fat percentage formula to determine the body fat percentage ¥ —a
category. These data are a determinant of calorie needs in 1 k=15
day that uses to determine what foods can be consumed [13].
Keypad input data and measurement results are sent to the
internet with the help of the NodeMCU ESP8266 module as a
Wi-Fi module using HTTP. If the datum is sent to the internet, END
the datum will appear on the website as a database [25].

START

FUZZY
VALUE
INPUT (X)

v

FUZZY
RULE
INPUT

¢ No

FUZZY
OPERATOR (MIN)

v v v

_ ~ 3 /' Fuzzy
FUNCTION z=Db+(an X (b—a)) OUTPUT /

IMPLICATION

IF LINIER
INCREASE

FIGURE 7. Flowchart of fuzzification determination of Body Mass Index
values and categories.

Yes

IF LINIER

INCREASE z=b —(a,x (b~ a))

FIGURE 8. Flowchart of inference system for determining values and categories of Body Mass Index.
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2) FUZzZY LOGIC FLOWCHART

The initial process of the Mamdani fuzzy method is
fuzzification, which is shown in FIGURE 7. Fuzzification is
the process of entering fuzzy variables as input and output
consisting of several fuzzy sets and determining the
membership function of the fuzzy sets.

FUZZY VALUE
INPUT (A,)
FUZZY VALUE
INPUT (Z,)

_ [ ie(2). 2dz
- [ (@dz

BMI OUTPUT

FIGURE 9. Flowchart of defuzzification determination of Body Mass Index
values and categories.

Z %

HCSR-04 Ultrasonic Sensor

Load Cell Hx714

The fuzzy variables in this study are data on weight, height,
and Body Mass Index. The data on weight, height, and Body
Mass Index are then determined by the membership function
with the formula =(b-x)/(b-a) or =(x-a)/(b-a). The results of the
membership function are used in the inference system, in order
to get fuzzy output in firm values. The next process is the
Inference System which is based on a set of fuzzy inputs and
fuzzy rules have created using the IF-THEN rules, as shown
in FIGURE 8. This study was used the Mamdani method or
also called the Min-Max method [10]. The Min-Max method
is done by finding the minimum value of each existing rule
[8]. From several rules with the minimum value, the
implication function is determined by finding the maximum
value that comes from the combined consequences of each
rule [26]. That is useful for narrowing the rules according to
the input data and getting the desired output value. The final
process from the fuzzy logic results is defuzzification, as
shown in FIGURE 9. The results of the inference system in the
previous process are in the form of several values arranged in
the form of a fuzzy area. These values are processed using the
Center of Area (CoA) method [26]. The Center of Area
method is a method that takes the center of the fuzzy area to
get a crisp solution [33]. So, based on the input weight and
height, the values and categories of Body Mass Index are
obtained.

4X4 Keypad

NodeMCU V3

ESP8266

DC-DC StepDown LM2596

LCD 12C 20X4

FIGURE 10. The whole set of tools.
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D. HARDWARE DESIGN

The connection design between components is shown in
FIGURE 10, which consists of components as inputs,
microcontrollers, and outputs. The input component consists
of a 4X4 keypad which is connected to digital pins 13-6
Arduino Mega 2560, which consists of pins 13-10 as row
configurations 4-1 on the keypad and pins 6-9 as column 4-1
configuration on the keypad. The next input component is the
ultrasonic sensor HCSR-04 which is connected to Arduino
Mega via its digital pins, namely the VCC pin is connected to
the 5V pin, the Trigger pin as the transmitter is connected to
pin A0, the Echo pin as the receiver is connected to pin Al,
and the GND is connected to pin GND. The last input
component is a load cell weight sensor which has 4 wires with
black, white, green, and red colors connected to the HX711
amplifier, each on pins E+, E-, A, and A+. The GND pin of
the HX711 amplifier is connected to the Arduino Mega 2560,
the DT pin is connected to the A2 pin, the SCK pin is
connected to the A3 pin, and the VCC pin is connected to the
5V pin. While the output components in this study include a
20X4 LCD which is connected to the Arduino Mega 2560,
namely the SDA (Serial Data) and SCL (Serial Clock) pins
with 20 (SDA) and 21 (SCL) pins, as well as the NodeMCU
ESP8266 which is connected to the ESP8266. These pins are
GND pin connected to GND pin, digital pin 5/GPIO 14 on
MCU is connected to digital pin 22, digital pin 6/GPIO[12 on
NodeMCU is connected to digital pin 23, and VCC pin is
connected with the 5V pin on the Arduino [34].

lll. RESULT
A. FUZZY LOGIC

Fuzzy logic in this study aims to change the input, in the form
of weight and height, into the appropriate Body Mass Index
output. Each rule in this research forms the IF-THEN (“cause-
effect”) function as the antecedent associated with the
conjunction AND [12], [35], with a minimum membership
value (min). So, the stages of the Mamdani fuzzy logic process
include:

1) FUZZIFICATION
a. Making Variable Bodyweight.
n(x)

Thin Normal

0 40 45 55 65 75 85

FIGURE 11. Bodyweight representative curve

The weight variable consists of three sets, namely thin,
normal, and weight, as shown in the representative graph in
FIGURE 11. From FIGURE 11, it can be determined the
degree of membership of the weight variable, namely:

1, x<40
uthin(x) = { =, 40 <x <55 (5)
0, x=55
0, x<450rx =65
x—45
unormal(x) = { 55oas’ 4> S*¥ <55 (6)
65—x
eoss’ 20 SX<65
0, x<55
uweight(x) = {;;__5555, 55<x<75 7
1, x=75

b. Making Variable Body Height
© (%)

Tall

XBody Height

155160 165 170 175 180

FIGURE 12. Height representative curve

The height variable consists of three sets, namely short,
normal, and tall. The three variables are depicted in a
representative curve shown in Figure 12.

From FIGURE 12 it can be determined the degree of
membership of the height variable, namely:

1, x<150
) 165-x
ushort(x) = {165_150, 150 < x < 165 (8)
0, x=>165
0, x<1500rx =175
X150 " 150 < x < 165
unormal(x) =< Tes—150’ =4X= 9
275X 165 < x < 175
175-165
0, x<160
x—160
utall(x) = {175_160, 160 < x < 175 (10)
1, x=>175

¢. Making Variable Body Mass Index

Variable Body Mass Index consists of five sets, that are very
thin, thin, normal, weight, and obesity. Based on these three
variables, it can be shown by a representative curve depicted
in FIGURE 13.
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FIGURE 13. Body mass index representative curve

From FIGURE 13, it can be determined the degree of
membership of the Body Mass Index variable, namely:

1, x<16
uvery thin(x) =417 —x, 16 <x <17 (11)
0, x=>17
O x<16orx>185
16 <x<17
uthin(x) 185—x, 175 <x > 185 (12)
17<x>175
0, x<1750rx =25
x—17.5, 175 <x <185
unormal(x) { 25-x, 24<x>25 (13)
1, 185<x =24
0, x<24o0rx=27
x—24, 24<x<25
uweight(x) = 27—x, 26 <x>27 (14)
25< x> 26
0, x<26
pobesity(x) ={x—26, 26<x<27 (15)
1, x=27

2) RULE-BASED

After determining the fuzzy set and the membership function
for each input and output of the fuzzification, the next step is
making fuzzy rules. The purpose of forming fuzzy rules is as
an input and output statement. Each rule is a function where
the operator that connects two inputs is AND and the one that
maps the input-output is [IF-THEN [12]. Based on the fuzzy
input consisting of weight and height variables, each having
three fuzzy sets, and the Body Mass Index output variable with
5 fuzzy sets, 9 rules are formed as shown in TABLE 1.

3) INFERENCE MACHINE

After the rules are formed, nine rules are processed in the
application of the implication function. The application of the
implication function looks for the minimum value (MIN) of
the membership value of the weight and height variables in
each rule [26]. Then the minimum value of the nine rules, look
for the maximum value (the largest value). So, the fuzzy area
is obtained on the Body Mass Index variable from several
rules that have been sought for the maximum value. Based on
the test results, some data were obtained, for example, the
bodyweight of 67.86 kg and height of 140.57 cm.

[R7] IF Bodyweight WEIGHT AND Body Height SHORT
THEN Body Mass Index OBESITY.

uBodyweight WEIGHT N pBody

a-predicate7 [12]
Height SHORT

= min (pBodyweight WEIGHT, pBody
Height SHORT)

min (0.643, 1)
0.643

Based on the implication function of the seventh rule, the obes

ity Body Mass Index category with a value of 0.643 is
obtained, which can be shown in FIGURE 14.

TABLE 1
Fuzzy Rules
Bodyweight Body Height BMI
IF Thin AND Short THEN Normal
IF Thin AND Normal THEN Thin
IF Thin AND Tall THEN Very Thin
IF Normal AND Short THEN Weight
IF Normal AND Normal THEN Normal
IF Normal AND Tall THEN Thin
IF Weight AND Short THEN Obesity
IF Weight AND Normal THEN Weight
IF Weight AND Tall THEN Normal
ux)

1 1V.Thin Thin

|
n
063 =L U
[
i
1
a
|

0 16 22 24
FIGURE 14. Body mass index representative curve

4) DEFUZZIFICATION

The last step in determining the firm value of the fuzzy value
is defuzzification. FIGURE 15 is a graph of the results of the
inference engine used for defuzzification calculations using
the Center of Area (CoA) method [26].

The first step in determining defuzzification with the Center
of Area is to calculate the area of each area on the graph
shown in Figure 15.

LI 0.643 X 0.643 _ 0.413449
172 - 2 - 2
LA, = a Xt = 5357 X 0.643 = 3.444551

Liotal = 3.6512755
The next step is to determine the moment in each area on
the graph

=0.20673

26.643
M, = f (z— 26)z dz = 5.4634529
26
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32
M, = f (0.643)z dz = 100.9994021465
26.643

Miotal = 106.462855

Based on the values Ltotal and Mtotal, the defuzzification
can be calculated and the categories determined as follows:

« _ Jux(z)zdz _ 106.462855 _ .
"= Tne()dz — 36512755 29.1577 (Obesity)

From the description of the calculation and determination of
fuzzy categories above, it can be shown in TABLE 2 as the
results of the Mamdani fuzzy test compared with the
program and MATLAB.

u(z)
0.643 = = =
|
|
|
|
All A2
1
0 26 26.643 32

FIGURE 15. Composition result area

TABLE 2

Mamdani fuzzy method test results

Body Mass Index Calculation
MATLAB

(Very Thin) 8.36

Manual
(Very Thin)
8.2076493034

Arduino Program

(Very Thin) 8.51

(Thin) 18.2246448255 (Thin) 17.70 (Thin) 17.97
(Normal) 23.93187788 (Normal) 24.50 (Normal) 24.83
(Weight) 24.99784225 (Weight) 25.10 (Weight) 25.16
(Obesity) 29.15771626 (Obesity) 30.20 (Obesity) 30.60

B. BODY FAT PERCENTAGE

The body fat percentage with a predictive formula by the
British Journal of Nutrition on this system, compared with one
of the tools for measuring the body fat percentage called Body
Monitor.

TABLE 3
Comparison of values and categories for measuring the body fat percentage
Body Fat Percentage
BMI Body Monitor System
23.87 (Normal) 27.9% (Normal) 28.304%
30.57 (Weight) 29.8% (Weight) 31.174%
26.24 (Quite fat) 20.9% (Quite fat) 20.578%
26.94 (Quite fat) 20.2% (Quite fat) 20.828%

The results of measuring the body fat percentage in this system
are grouped into several categories, which will be compared
with the Body Monitor tool to determine the accuracy of the
tool. The results of the comparison of determining the value

and category of body fat percentage based on the British
Journal of Nutrition and the Body Monitor tool are shown in
TABLE 3 below.

C. DATABASE

In this system, the database functions to display all data stored
as the result of data processing on the Arduino Mega 2560,
including name, gender, age, and activity factors entered via
the 4X4 keypad. In addition, there is also weight and height
data that is inputted through the load cell weight sensor and
ultrasonic sensor HCSR-04. Then the data is processed to
obtain the Body Mass Index category which is determined by
the fuzzy Mamdani method, the category of body fat
percentage, BMR, and foods that can be consumed. The
appearance of the website as a result of storing database data
is shown in TABLE 4.

IV. DISCUSSION

Based on the stages of fuzzification to defuzzification, the
process of determining the value and category of Body Mass
Index manually compared to MATLAB and the Arduino
program is summarized in the form of a table shown in
TABLE 2. From TABLE 2, it can be concluded that there is a
difference in values between the Arduino program on the
system, MATLAB, and manual calculations. This difference
is caused by rounding in the MATLAB calculations and the
Arduino program. However, this difference does not affect the
Body Mass Index category because it is still in the same
category range. So, the fuzzy method in this system works
well and works following the theory and test results based on
MATLAB. Because the Body Mass Index can only determine
a person's nutritional status, without knowing the composition
of body fat as a factor to be considered in a diet pattern, it is
necessary to measure the body fat percentage based on the
British Journal of Nutrition [7], with the formulas:

Male = (1.20 x BMI) + (0.23 x Age) —10.8 —54% (16)
Female = (1.20 x BMI) + (0.23 x Age) — 5.4 % 17

Based on the above formula, the resulting values and
categories of body fat percentage are compared with the Body
Monitor tool, as shown in TABLE 3. Similar to the results of
the Body Mass Index, there is a difference in numbers due to
the difference in rounding between the system and the Body
Monitor tool. However, the difference does not affect the
category of body fat percentage. That is because the value
results are still in the same category range. So, it can be
concluded that the system can work well and follow the tools
used as a reference in determining the value and category of
the percentage of fat content. All input and output data results
have been processed by the Arduino Mega 2560
microcontroller displayed on a website which is also used as
data storage. All data has been successfully shown on the
website, as shown in TABLE 4. The date, month, year, and
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TABLE 4
Database View
. Svr. .. Body Body
Svr.Time Seq Name Gender | Age | Activity HTTP User Agent weight | Height BMI Body Fat BMR Food
2021-08-08 | (a4 | EDI 000 | 22 Mild | ESP8266HTTPClient | 61.51 | 167.36 | Normal | QuiteFat | 1376.18 Lontong Soto
20:13:58 Makassar
20210808 1 (339 | EDI | 000 | 22 | Mild | ESP8266HTTPClient | 63.79 | 166.29 | Normal | Quite Fat | 138673 | L-ontonsSoto
20:13:48 Makassar
20210808 1 (335 | gy 000 | 22 | Mild | ESPS266HTTPClient | 59.64 | 166.76 | Normal | Quite Fat | 1359.51 Lontong Soto
20:12:41 Makassar
20210808 1 (330 | gy 000 | 22 Mild | ESPS266HTTPClient | 58.69 | 168.33 | Normal | QuiteFat | 1361.24 Lontong Soto
20:12:34 Makassar
2021-08-08 1 G335 | BILy | 000 | 23 | Heavy | ESP8266HTTPClient | 8402 | 17845 | Normal | QuiteFat | 214643 | asiPutih Ayam
20:11:21 Panggang
20210808 1 a3y | gy | 000 | 23 | Heavy | ESPS266HTTPClient | 84.02 | 17845 | Normal | Quite Fat | 2136.87 | \2siPutih Ayam
20:11:18 Panggang
2021-08-08 1 G330 | BiLy | 000 | 23 | Heavy | ESP8266HTTPClient | 8439 | 176.66 | Normal | QuiteFat | 212693 | NasiPutih Ayam
20:11:11 Panggang
20210808 1 c3r9 | By | 000 | 23 | Heavy | ESP8266HTTPClient | 84.65 | 17497 | Normal | QuiteFat | 2117.73 | NasiPutih Ayam
20:11:06 Panggang
20210808 1 c3r6 | BILy | 000 | 23 | Heavy | ESP8266HTTPClient | 8274 | 17622 | Normal | QuiteFat | 2134.54 | NasiPutih Ayam
20:10:50 Panggang
20210808 1 s | By | 000 | 23 | Heavy | ESPS266HTTPClient | 83.05 | 178.1 | Normal | QuiteFat | 213208 | NasiPutih Ayam
20:10:28 Panggang
2021-08-08 1 G0 | BILY | 000 | 23 | Heavy | ESP8266HTTPClient | 8328 | 177.59 | Normal | QuiteFat | 210850 | NasiPutih Ayam
20:10:20 Panggang
20210808 1 Cars | By | 000 | 23 | Heavy | ESPS266HTTPClient | 838 | 173.59 | Normal | Quite Fat | 210643 | NasiPutih Ayam
20:10:14 Panggang
2021-08-08 1 (310 | pyaH | 100 | 22 | Normal | ESP8266HTTPClient | 59.8 | 159.19 | Normal | Normal | 1808.68 | UPiRebus Talas
20:08:10 Rebus
2021-08-08 1 6313 | pyAH | 1.00 | 22 | Normal | ESP8266HTTPClient | 59.55 | 15952 | Normal | Normal | 180418 | UPiRebus Talas
20:08:07 Rebus
20210808 1 6315 | DYAH | 1.00 | 22 | Normal | ESP8266HTTPClient | 59.44 | 157.09 | Normal | Normal | 1793.97 | UbiRebus Talas
20:08:00 Rebus
2021-08-08 1 G311 | DyaH | 1.00 | 22 | Normal | ESP8266HTTPClient | 59.44 | 157.09 | Normal | Normal | 179397 | UbiRebus Talas
20:07:55 Rebus
2021-08-08 1 (350 | pyAH | 1.00 | 22 | Normal | ESP8266HTTPClient | 6098 | 157.79 | Weight | Normal | 183157 | UbiRebus Talas
20:06:17 Rebus

time display functions to monitor changes and developments
in weight, height, Body Mass Index, percentage of fat content,
calorie needs, and edible foods. When the tool is used, the
system begins to determine the Body Mass Index value based
on the results of measurements of weight and height. Because
the Body Mass Index and the percentage of fat content are
interrelated, the Body Mass Index value is used to measure
body fat percentage. This relationship is also used in
determining the appropriate food for consumption, based on
the results of measurements of Body Mass Index and body fat
percentage. All measurement results and suitable food for
consumption will be displayed and stored on the website.

V. CONCLUSION

This paper aims to design and manufacture a tool fuzzy logic
method as a system in determining the values and categories
of Body Mass Index (BMI) automatically. The results show
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