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Abstract − A person’s nutritional status is ideally determined based on a body composition assessment, which differentiates
the fat mass and fat-free mass in a human body. Fat and fat-free mass can be calculated using a non-invasive method
called bioelectrical impedance analysis (BIA). In this research, a body fat measurement system was designed using the BIA
foot-to-foot method, which is also equipped with the automatic body mass and height measurements system using a load cell
sensor and a ToF VL53L1X sensor. The BIA method is designed to flow a 0.4mA current with a frequency of 50kHz into
the body using four electrodes through the object’s feet. Other parameters required in this system, such as age and gender,
will be entered using the keypad. The computing and data processing process uses an Arduino Nano microcontroller and is
displayed on the LCD. The system that has been designed is then compared with a similar measuring instrument, Mi Scale
Body Composition 2. The results obtained in this study are: the average error value for measuring body weight is 0.43kg;
the average error for measuring height is 1.13cm; the average error in measuring BMI is 0.32 kg/m2; and the average error
in measuring body fat percentage is 3.25%.

Keywords − body composition assessment; bioelectrical impedance analysis; BIA foot-to-foot; load cell sensor; Arduino
Nano.

I. INTRODUCTION

HEALTH is a crucial aspect for every individual
and is of global concern. Ideally, a person’s

health should be monitored from the womb, through
infancy, adolescence, and into adulthood. One of the
health parameters that can be observed to determine
an individual’s health status is their nutritional status.
Nutrition is a key determinant of human resource qual-
ity, where adequate nutritional intake leads to proper
growth and serves as a preventive measure against dis-
eases [1]. Fathonah and Sarwi (2020) categorize five
types of nutrients: carbohydrates, fats, proteins, miner-
als, and vitamins. The balance between the intake of
nutrients from food and the body’s nutritional needs
must be maintained. Each individual has different nutri-
tional needs depending on age, gender, daily physical
activity, body weight, and other factors [2]. An imbal-
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ance between the intake of nutrients from outside and
the nutritional needs of the body can lead to nutritional
problems. In Indonesia, several common nutritional
problems are encountered in the environment, such as
protein-energy malnutrition (PEM), anemia, iodine de-
ficiency disorders (IDD), vitamin A deficiency (VAD),
undernutrition, and obesity.

Based on data reported by the Global Nutrition Re-
port, the global percentage of obesity has continuously
increased from 2000 to 2019. This increase occurs
among children and adolescents aged 5–19 years, as
well as adults over 18 years old. The report indicates
that in 2019, approximately 1.2 billion adults were
obese [3]. Meanwhile, a report from the World Health
Organization shows that 462 million people were under-
weight [4]. For domestic data, according to the Basic
Health Research (Riskesdas) 2018, the obesity rate
among adults over 18 years old in Indonesia reached
21.8 percent of the population that year.

Obesity is a condition where there is an excess
accumulation of fat beyond the amount required for
normal body functions. This condition is generally
caused by nutrient intake from food that far exceeds
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the body’s nutritional needs [5]. According to Rach-
mawati (2014), obesity in adolescents has the potential
to increase in adulthood, leading to an increased risk
of death and being a factor in degenerative diseases
such as type II diabetes, cardiovascular diseases, and
cancer [6]. Obesity does not occur quickly; it requires
a lengthy process for an individual to reach this condi-
tion. Therefore, many people ignore it because there are
no clear signs or symptoms felt or shown in the body.
Some people do not realize they are obese because
their body size is not too large. However, body size
cannot be used as a benchmark to determine whether
the body’s fat levels are appropriate or excessive or
insufficient.

Until now, the classification of underweight, over-
weight, and obesity has often been based on the calcula-
tion of the Body Mass Index (BMI). BMI is obtained by
dividing body mass in kilograms (kg) by the square of
height in meters. Thus, the ideal body classification still
depends on the relationship between body mass and
height. Even obesity classification is still conducted
using waist circumference measurement. This type
of measurement is considered less accurate for deter-
mining whether an individual is obese because it can-
not differentiate between fat mass, fat-free mass, and
the distribution of adipose tissue in each individual’s
body [7]. Given the shortcomings of the previously
mentioned methods, it would be better to observe an in-
dividual’s fat levels to determine the correct nutritional
status.

Currently, technology has been developed to mea-
sure body fat levels based on body composition assess-
ment. Body composition assessment is a method to
accurately analyze an individual’s body status to obtain
the values of fat mass and fat-free mass that compose
the body. One of the methods used in body composition
assessment is Bioelectrical Impedance Analysis (BIA).
Bioelectrical Impedance Analysis (BIA) is a widely
used, non-invasive method for assessing body compo-
sition, particularly fat mass and fat-free mass [8, 9].
It involves passing a low-amplitude electrical current
through the body and measuring resistance and reac-
tance [10, 11]. BIA is relatively inexpensive, portable,
and easy to use, making it suitable for both clinical
and research settings [12, 13]. While it provides reli-
able estimates of total body water and fat-free mass in
healthy individuals and those with certain chronic con-
ditions, its accuracy can be affected by various factors
such as hydration status, body position, and recent food
consumption [14,15]. Despite some limitations, BIA re-
mains a valuable tool for monitoring body composition
changes, assessing nutritional status, and evaluating
disease progression in various populations [8, 9]. This

method involves passing an alternating current (AC)
through the body at a certain frequency, then measur-
ing and calculating the voltage and impedance values
produced. The body’s impedance value is used to deter-
mine an individual’s body fat level [16]. BIA has been
widely used because the results can be obtained quickly,
non-invasively, accurately [17], and can be easily used
independently. In theory, BIA is used to measure body
hydration levels, such as intracellular and extracellular
water content. However, fat-free mass (FFM) and body
cell mass (BCM) can also be measured using BIA by
assuming both are in a constant state of hydration [18].

There are several methods of measurement us-
ing BIA, including hand-to-hand using two electrodes,
hand-to-hand using four electrodes, foot-to-foot, and
whole body methods. These various measurement
methods differ in the number of electrodes used and
the placement of the electrodes on the human body. All
four methods have been conducted in previous research
using a body fat percentage measuring instrument with
an automatic switch based on ATmega32 [19].

In this study, body fat percentage measurement
will be conducted using the foot-to-foot measurement
method because it is considered relatively easy to per-
form. This method requires four electrodes, with two
electrodes placed on the front part of the feet and two
electrodes placed on the back part of the feet. The
electrodes on the front part of the feet act as outer elec-
trodes, which deliver current at a certain frequency,
and the electrodes on the back part of the feet serve as
inner electrodes, which measure the body’s potential
difference. The measurement method, which involves
stepping on a scale (load cell), is also considered famil-
iar to many people because it follows the same concept
as weighing body weight.

The BIA system designed in this study uses an
Arduino Nano microcontroller equipped with a load
cell sensor for body mass measurement and a ToF
VL53L1X sensor for height measurement. Arduino
Nano is a development board that uses the IC AT-
Mega32P as its base. The Arduino Nano shown in the
image has relatively small dimensions, with a length
of 45 mm, a width of 18 mm, and a weight of 7 grams.
Meanwhile, the load cell sensor consists of several
components such as conductors, strain gauges, and
Wheatstone bridges [20], where these components play
a role in two measurement stages: the mechanical struc-
ture reading stage and the conversion of resistance
changes [21]. Strain gauge load cells come in vari-
ous shapes and sizes, with load cells commonly used
for measuring human body mass having a maximum
mass specification of 50 kg.

The use of a load cell sensor is complemented by
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the HX711 signal amplifier. HX711 is an amplifier
designed for digital scale sensors, where this device
works by converting resistance values into voltage [22].
The time-of-flight (ToF) sensor is a distance sensor that
works by continuously emitting light waves and return-
ing them when reflected by an object. The distance
value can then be determined by measuring the time
it takes for the light waves to be emitted and received
back by the sensor [23].

II. RESEARCH METHODS

i. Materials and Research Equipment

This research requires materials, hardware, and soft-
ware that play important roles in the research process,
which are described as follows: The hardware used in
this research is shown in Table 1.

Table 1: List of hardware used in the research

No Hardware

1 12V/2A Adapter
2 50kg Load cell
3 Load cell amplifier HX711
4 Time-of-Flight proximity sensor VL53L1X
5 3x4 Keypad matrix
6 20x4 LCD
7 Measurement device frame
8 Electrodes
9 Mi Scale Body Composition 2

The software used in this research includes Ki-
CAD, which is used to design electronic schematics
and printed circuit board (PCB) layouts, and Arduino
IDE, which is used to program the microcontroller.

The necessary materials include electronic com-
ponents to be used in the PCB for the bioelectrical
impedance analysis (BIA) subsystem, power subsys-
tem, and microcontroller subsystem. These include
passive components, amplifying components, voltage
regulator circuits, sine wave generator components, and
other supplementary components. This research is con-
ducted sequentially based on the procedural stages or
research flow shown by the flowchart in Figure 1.

ii. System Design

In general, the hardware system design for the body
fat percentage measuring device using the Bioelectrical
Impedance Analysis method is shown in Figure 2. In
this research, the body fat percentage measuring sys-
tem consists of three parts, or subsystems: the power
subsystem, the microcontroller subsystem, and the BIA
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Figure 1: Research flowchart

subsystem.
The power subsystem consists of a 12V/2A DC

adapter, an MP1584 module for generating +12 volt
and -12 volt outputs, and an LM2596 module for step-
ping down the voltage to 5 volts. The BIA subsystem
consists of a sine wave generator circuit, a voltage-
controlled current source (VCCS), a differential ampli-
fier, a Twin T active notch filter, and a rectifier. The
next subsystem is the microcontroller subsystem, which
consists of an Arduino Nano for processing data from
the BIA subsystem, load cell, flight sensor, and other
integer data inputs from the keypad, which will then be
displayed on the 20×4 LCD.

The BIA subsystem includes four electrodes: two
electrodes as outer electrodes and two electrodes as
inner electrodes. The electrode configuration in this
system is shown in Figure 3.

In addition to hardware design, software design
is also carried out where all programs to be used in
the system are created using Arduino IDE. The overall
system workflow on the microcontroller is shown by
the flowchart in Figure 4.
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Figure 2: System flow of the body fat percentage measuring
device using the BIA method

Figure 3: Electrode configuration on the feet of the tested
object

III. RESULTS AND DISCUSSION

Several stages were involved in the testing and data
collection process in this study. These stages include
functional testing of the electronic design in the power
subsystem and the Bioelectrical Impedance Analysis
(BIA) subsystem, testing the load cell and VL53L1X
sensors, and overall device testing, which includes col-
lecting height, weight, body fat percentage, and Body
Mass Index (BMI) data.

i. Sine Wave Generator Circuit Testing

The purpose of testing the sine wave generator circuit
is to determine whether the frequency produced by
the ICL8038 circuit meets the system requirement of
50kHz. The circuit testing was performed using a dig-
ital oscilloscope to measure the output frequency of
the sine wave generator and the frequency at the elec-
trodes to be connected to the human body. This test
used a 1000 Ohm resistor as a substitute for human
body resistance. Figure 5 shows the sinusoidal sig-
nal produced by the ICL8038, which has a measured
frequency of 47.08kHz and a measured voltage on a
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Figure 4: Microcontroller system flowchart

digital multimeter of 0.1 Volt.

Figure 5: Frequency testing results at the ICL8038 output
pin

ii. Voltage Controlled Current Source (VCCS) Circuit
Testing

The VCCS circuit test aims to determine the current
that will be supplied to the human body. A multimeter
was used to measure the VCCS input voltage from the
ICL8038, yielding a voltage of 0.1 Volt. To achieve
a current of 0.2mA – 0.8mA, the required resistance
value can be theoretically obtained using Ohm’s Law,
as shown in Equation 1. The calculation resulted in a
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resistance value of 333 Ohm.

R =
V
I

(1)

After determining the required resistance value,
the circuit was tested to measure the current produced
by the VCCS circuit. The measured current using a
multimeter at the VCCS circuit output was consistently
0.4 mA, indicating that the circuit can be used in the
body fat percentage measuring device.

iii. Linearity Testing of the BIA Subsystem

The linearity testing of the BIA subsystem was con-
ducted after the overall functional testing of the elec-
tronic design in the BIA subsystem. This test aims to
determine the microcontroller’s response to the tested
impedance values. Table 2 shows the test results us-
ing nine resistor variations, where Vx is the voltage
between electrode 3 and electrode 4 measured using
a digital multimeter, and Vy is the voltage read by the
microcontroller.

Table 2: Linearity testing results of the BIA subsystem

Z (Ohm) Vx (Volt) Vy (Volt)

189 0.059 2.401
285 0.089 2.413
371 0.112 2.459
409 0.137 2.468
527 0.167 2.471
646 0.212 2.472
780 0.307 2.500
876 0.394 2.535
944 0.486 2.544

The table is visualized in the form of a graph show-
ing the relationship between Vx and Vy as represented
by Equation 2.

Vy = 0.335Vx +2.382 (2)

Thus, the resistance value can be obtained through
Ohm’s Law in Equation 1, and the impedance equation
for the system is shown in Equation 3.

Z(Ω) =
2.986Vy −7.111

I
(3)

iv. Load Cell Sensor Testing

The load cell calibration process was performed on one
test object, Object 1, with a body mass of 78.40 kg
(measured using the Mi Scale 2). The calibration pro-
cess was then conducted on three test objects with three

Table 3: Load cell sensor calibration results

Object No. Weight Value on Mi Scale (kg)
Measurement Value (kg)

1st 2nd 3rd

1 78.50 78.75 78.95 78.94
2 62.75 62.57 63.94 63.69
3 62.78 62.79 61.04 62.78

repetitions each to test the load cell sensor’s reliability.
The results are shown in Table 3.

Next, body mass data collection using the load cell
sensor was performed on 10 individuals with varying
body masses. Table 4 shows the comparison of body
mass values for 10 test objects measured using the load
cell sensor and the Mi Scale Body Composition 2.

Table 4: Load cell sensor data acquisition results

Object Weight (kg) Mi Scale (kg) Error (kg)

1 78.50 78.40 0.10
2 62.75 62.30 0.45
3 55.80 55.45 0.35
4 62.78 62.80 0.02
5 56.70 56.65 0.05
6 63.04 62.45 0.59
7 88.15 87.70 0.45
8 58.69 58.55 0.14
9 54.40 54.20 0.20
10 61.64 61.95 0.31

The average error between body weight measure-
ments using the load cell and Mi Scale was 0.199 kg,
with an average relative error of 0.42%. The error value
in body weight measurement using the load cell is rela-
tively small compared to the Mi Scale, indicating good
performance in body weight measurement using the
load cell.

v. ToF VL53L1X Sensor Testing

Height data collection using the ToF VL53L1X sensor
was performed on 10 individuals with varying heights.
Table 5 shows the comparison of height values for 10
test objects measured using the VL53L1X sensor and a
measuring tape.

The average difference between height measure-
ments using the ToF VL53L1X and the measuring tape
was 0.81 cm, with an average relative error of 0.49%.
The error value in height measurement using the ToF
VL53L1X is relatively small compared to the measur-
ing tape, indicating good performance in height mea-
surement using the ToF VL53L1X.
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Table 5: ToF VL53L1X sensor data acquisition results

Object Height (cm) Height Tape (cm) Error (cm)

1 161.93 161.00 0.43
2 179.57 180.00 0.12
3 155.12 155.00 0.93
4 180.23 180.00 0.23
5 167.64 169.00 1.36
6 155.44 156.00 0.56
7 168.99 172.00 3.01
8 153.81 153.00 0.81
9 149.43 150.00 0.57
10 160.89 161.00 0.11

vi. Overall System Testing

The overall system testing phase was conducted to test
the entire system at one time, where user body data to
be measured includes body weight, height, BMI value,
and body fat percentage.

The testing phase begins with inputting age and
gender data into the system using the keypad and LCD,
as shown in Figure 6. To start the measurement, the
subject stands on the device in an upright position fac-
ing forward, with both feet barefoot and in contact with
the electrodes as per the specified configuration. The
final stage is adjusting the plate above the subject’s
head to touch the head for height measurement. The
data collection process on the device is shown in Figure
7.

Figure 6: Input age and gender data

The overall data collection process was performed
on 10 test subjects with varying body shapes and sizes.
The obtained values were then compared with those
obtained using the Mi Scale Body Composition 2, ac-
companied by the Zepp Life application. Table 6 shows

the results of data collection on the entire device.

Figure 7: Overall system testing

The average error between body fat percentage
measurements using the measuring device and the Mi
Scale was 3.25%, with an average relative error of
14.95%. The overall system data collection results
showed a minimum error in body fat percentage mea-
surement of 1.02% on Object 1 and a maximum error
of 6.66% on Object 4. The maximum error is likely due
to the subject’s foot size, which is 29 cm long, while
the distance between electrodes on the device is 18
cm. This caused improper electrode placement on the
subject’s foot, resulting in inaccurate measurements.

According to the study conducted by Macias [19],
the error values obtained in the overall system testing
can be attributed to certain health conditions of the sub-
jects, such as diabetes, heart disease, and pregnancy,
which were not accounted for in this study [19]. Addi-
tionally, some clinical characteristics that affect mea-
surements using the bioelectrical impedance analysis
method include the subject’s body position, activities
performed before measurement, food intake, skin tem-
perature, and changes in body fluid distribution.

IV. CONCLUSION

Through the testing and analysis process conducted
on the body fat percentage measuring device using
the bioelectrical impedance analysis method, it was
found that the body fat percentage can be measured
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Table 6: Overall device data collection results

Object Age and Gender (years) Parameter Measured Value Comparison Value

1 22 (F) Height (cm) 162.37 161.00
Weight (kg) 77.37 78.15
Fat Percentage (%) 40.82 39.80
BMI (kg/m2) 29.35 29.40

2 24 (M) Height (cm) 180.68 180.00
Weight (kg) 63.94 62.30
Fat Percentage (%) 12.15 10.60
BMI (kg/m2) 19.59 19.20

3 23 (F) Height (cm) 155.98 154.00
Weight (kg) 54.38 54.20
Fat Percentage (%) 21.72 17.70
BMI (kg/m2) 22.35 22.60

4 22 (M) Height (cm) 180.22 180.00
Weight (kg) 62.79 62.80
Fat Percentage (%) 18.16 11.50
BMI (kg/m2) 19.33 19.40

5 22 (M) Height (cm) 167.58 169.00
Weight (kg) 56.71 56.65
Fat Percentage (%) 10.20 12.60
BMI (kg/m2) 20.19 19.80

6 22 (F) Height (cm) 155.43 154.00
Weight (kg) 62.40 62.45
Fat Percentage (%) 25.33 22.30
BMI (kg/m2) 25.82 25.70

7 23 (M) Height (cm) 169.37 172.00
Weight (kg) 88.32 87.70
Fat Percentage (%) 33.32 29.20
BMI (kg/m2) 30.79 29.60

8 22 (F) Height (cm) 153.81 153.00
Weight (kg) 58.69 58.55
Fat Percentage (%) 26.04 22.00
BMI (kg/m2) 24.81 25.00

9 22 (F) Height (cm) 149.51 150.00
Weight (kg) 54.35 54.30
Fat Percentage (%) 16.51 19.00
BMI (kg/m2) 24.31 24.10

10 23 (F) Height (cm) 161.31 161.00
Weight (kg) 61.20 61.95
Fat Percentage (%) 22.59 19.40
BMI (kg/m2) 23.58 23.90

using the bioelectrical impedance analysis foot-to-foot
method, which measures body impedance through elec-
trode placement on both feet. The body fat percentage
measuring device with the BIA method can be com-
bined with a load cell sensor and a ToF VL53L1X
sensor to automatically input body weight and height
values. The results of the overall system testing showed
that the average error in body weight measurement is
0.43kg, the average error in height measurement is
1.13cm, the average error in BMI measurement is 0.32
kg/m2, and the average error in body fat percentage
measurement is 3.25%.

REFERENCES

[1] R. N. Hidayanti, S. Riyanto, and A. Rahma, “Hubungan
pengetahuan ibu tentang infeksi kecacingan dengan status
gizi balita di wilayah kerja puskesmas gambut kabupaten
banjar tahun 2015,” Jurkessia, vol. 6, no. 1, pp. 26–31, 2015.

[2] I. S. Fathonah and M. S. Sarwi, Literasi Zat Gizi Makro Dan
Pemecahan Masalahnya. Deepublish, 2020.

[3] W. H. Organization, “Fact sheets: Malnutrition,” https:
//www.who.int/news-room/fact-sheets/detail/malnutrition,
2021.

[4] W. G. N. Report, “Global nutrition re-
port,” https://globalnutritionreport.org/reports/
2021-global-nutrition-report/, 2021.

[5] W. Ali, F. Onibala, and Y. Bataha, “Perbedaan anak usia re-
maja yang obesitas dan tidak obesitas terhadap kualitas tidur
di smp negeri 8 manado,” Jurnal Keperawatan UNSRAT,
vol. 5, no. 1, p. 114296, 2017.

[6] S. Rachmawati and M. Sulchan, “Asupan lemak dan kadar
high density lipoprotein (hdl) sebagai faktor risiko pen-
ingkatan kadar c-reactive protein (crp) pada remaja obesitas
dengan sindrom metabolik,” Journal of Nutrition College,
vol. 3, no. 3, pp. 337–345, 2014.

[7] R. A. Merchant, Y. H. Chan, J. Y. Lim, J. E. Morley, and
M. Cesari, “Relationship of fat mass index and fat free mass
index with body mass index and association with function,

https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://globalnutritionreport.org/reports/2021-global-nutrition-report/
https://globalnutritionreport.org/reports/2021-global-nutrition-report/


DOI:10.23917/emitor.v24i2.4017 215

cognition and sarcopenia in pre-frail older adults,” Frontiers
in Endocrinology, vol. 12, p. 765415, 2021. [Online].
Available: https://doi.org/10.3389/fendo.2021.765415

[8] M. S. Mialich, J. M. F. Sicchieri, and A. A. J. Junior, “Anal-
ysis of Body Composition: A Critical Review of the Use of
Bioelectrical Impedance Analysis,” 2014.

[9] S. Lim, “Utility of Bioelectrical Impedance Analysis for
Body Composition Assessment,” The Journal of Korean
Diabetes, vol. 23, no. 2, pp. 106–112, jun 30 2022.

[10] M. A. Riyadi, A. Nugraha, M. B. Santoso, D. Septaditya,
and T. Prakoso, “Development of Bio-impedance Analyzer
(BIA) for Body Fat Calculation,” IOP Conference Series:
Materials Science and Engineering, vol. 190, p. 012018, 4
2017.

[11] M. Aldobali and K. Pal, “Bioelectrical Impedance Analysis
for Evaluation of Body Composition: A Review,” in
2021 International Congress of Advanced Technology and
Engineering (ICOTEN). IEEE, jul 4 2021. [Online].
Available: https://doi.org/10.1109/ICOTEN52080.2021.
9493530

[12] S. Y. Lee and D. Gallagher, “Assessment methods
in human body composition,” Current Opinion in
Clinical Nutrition & Metabolic Care, vol. 11, no. 5,
pp. 566–572, 9 2008. [Online]. Available: https:
//doi.org/10.1097/MCO.0b013e32830b5f23

[13] L. Houtkooper, T. Lohman, S. Going, and W. Howell,
“Why bioelectrical impedance analysis should be used for
estimating adiposity,” The American Journal of Clinical
Nutrition, vol. 64, no. 3, pp. 436S–448S, 9 1996. [Online].
Available: https://doi.org/10.1093/ajcn/64.3.436S

[14] “Bioelectrical impedance analysis in body composition
measurement: National Institutes of Health Technology
Assessment Conference Statement,” The American Journal
of Clinical Nutrition, vol. 64, no. 3, pp. 524S–532S, 9 1996.
[Online]. Available: https://doi.org/10.1093/ajcn/64.3.524S

[15] A. Lewitt, E. Madro, and A. Krupienicz, “Podstawy teore-
tyczne i zastosowania analizy impedancji bioelektrycznej
(BIA),” 2007.

[16] A. N. Muthouwali, M. A. Riyadi, and T. Prakoso, “Ran-
cang bangun alat pengukur persentase lemak tubuh dengan
metode whole body measurement bioelectrical impedance
analysis (bia) empat elektroda dengan saklar otomatis berba-
sis mikrokontroler atmega 32,” Transmisi: Jurnal Ilmiah
Teknik Elektro, vol. 19, no. 2, pp. 50–57, 2017.

[17] E. Mylott, E. Kutschera, and R. Widenhorn, “Bioelectrical
impedance analysis as a laboratory activity: At the interface
of physics and the body,” American Journal of Physics,
vol. 82, no. 5, pp. 521–528, 2014. [Online]. Available:
https://doi.org/10.1119/1.4868540

[18] L. C. Ward and M. J. Müller, “Bioelectrical impedance
analysis,” European Journal of Clinical Nutrition, vol. 67,
pp. S1–S1, 2013. [Online]. Available: https://doi.org/10.
1038/ejcn.2012.160

[19] N. Macias, H. Alemán-Mateo, J. Esparza-Romero, and
M. E. Valencia, “Body fat measurement by bioelectrical
impedance and air displacement plethysmography: a
cross-validation study to design bioelectrical impedance
equations in mexican adults,” Nutrition Journal, vol. 6,
pp. 1–7, 2007. [Online]. Available: https://doi.org/10.1186/
1475-2891-6-18

[20] R. Nuryanto, “Pengukur berat dan tinggi badan ideal berba-
sis arduino,” 2015.

[21] O. S. Al-Dahiree, Z. A. B. Ahmad, A. K. Ibrahim, and
M. Ahmad, “Design and shape optimization of strain gauge
load cell for axial force measurement for test benches,”
Sensors, vol. 22, no. 19, p. 7508, 2022. [Online]. Available:
https://doi.org/10.3390/s22197508

[22] Y. Mukhammad, A. Santika, and S. Haryuni, “Analisis
akurasi modul amplifier hx711 untuk timbangan bayi,” Jur-
nal Teknologi Elektro, no. 1, 2022.

[23] C. Yang, L. Zhang, S. Cao, J. Yang, and R. Wang,
“Non-contact breathing rate detection based on time of
flight sensor,” Journal of Sensors, 2021. [Online]. Available:
https://doi.org/10.1155/2021/8873532

https://journals2.ums.ac.id/index.php/emitor/article/view/4017/version/4030
https://doi.org/10.3389/fendo.2021.765415
https://doi.org/10.1109/ICOTEN52080.2021.9493530
https://doi.org/10.1109/ICOTEN52080.2021.9493530
https://doi.org/10.1097/MCO.0b013e32830b5f23
https://doi.org/10.1097/MCO.0b013e32830b5f23
https://doi.org/10.1093/ajcn/64.3.436S
https://doi.org/10.1093/ajcn/64.3.524S
https://doi.org/10.1119/1.4868540
https://doi.org/10.1038/ejcn.2012.160
https://doi.org/10.1038/ejcn.2012.160
https://doi.org/10.1186/1475-2891-6-18
https://doi.org/10.1186/1475-2891-6-18
https://doi.org/10.3390/s22197508
https://doi.org/10.1155/2021/8873532

	Introduction
	Research Methods
	Materials and Research Equipment
	System Design

	Results and Discussion
	Sine Wave Generator Circuit Testing
	Voltage Controlled Current Source (VCCS) Circuit Testing
	Linearity Testing of the BIA Subsystem
	Load Cell Sensor Testing
	ToF VL53L1X Sensor Testing
	Overall System Testing

	Conclusion

