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Abstract: The stunting prevalence in Indonesia is still above the WHO minimum standard of 20%.
An important aspect of early detection of stunting is to monitor the nutritional status of children
under five periodically. In daily practice, nutritional status is obtained through anthropometry. The
main anthropometric parameters are body mass, height, and head circumference. This research
entails the development of an integrated and non-contact anthropometric system for measuring body
mass, height, and head circumference for children aged 12-60 months. This non-contact method
can prevent the transmission of infectious diseases, especially during the COVID-19 pandemic. For
the development of a prototype, three types of sensors are used: load, proximity, and temperature
sensor. In addition, a load cell sensor is used to measure body mass, an infrared sensor to measure
height and head circumference, ultrasonic sensor to measure height. In addition, the anthropometric
system developed is equipped with an MLX90614-DCI sensor to measure temperature, a thermal
printer to print measurement results, and sound output. The results of the tests showed that this
anthropometric system had an average error less than 5%. Therefore, it is suitable to measure the
body mass, height, and head circumference of children under five.
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1. Introduction

Stunting, or the condition of failure to grow that results in children having shorter
statures compared to other children their age, is still a big challenge for the Indonesian
nation. Stunted children are affected by poor nutrition in early childhood as well as
recurrent infections at the time of pre- and post-natal stages. Various studies have shown
that stunting in children affects cognitive and motor development in such a way that they
do not develop optimally which places them at a higher risk of disease [1]. According to
the Level and Trends in Child Malnutrition Report in 2021, the prevalence of stunting in
Indonesia in 2018 was 31.8%, which placed them in the very high category [2]. Indonesia is
ranked fifth among countries in Southeast Asia with the largest number of stunting cases [1].
This situation if left unchecked will affect the quality and productivity of Indonesian human
resources in the future.

Amid efforts made to reduce stunting, the COVID-19 pandemic has also caused a
decline in the quality of nutrition for children under five and pregnant women [3]. During
the COVID-19 pandemic, nearly 6.7 million children in the world were malnourished and
stunted [4,5]. In Indonesia, during the COVID-19 pandemic, health service activities at
Posyandu (Integrated Healthcare Center) were stopped. This restriction and termination
of Posyandu services pose a risk of increasing the prevalence of stunting. It was reported
that there was an increase in stunting prevalence of 4.3% in the Province of the Bangka
Belitung Islands during the COVID-19 pandemic [6]. Integrated intervention is needed
to reduce the risk factors for stunting, ranging from individual factors to environmental
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factors. One of the keys to preventing stunting in children is to periodically monitor the
nutritional status at Posyandu [7].

Anthropometry is a field of science that deals with the measurement of the dimensions
of the human body, including body mass, height, length (e.g., limb lengths), skinfold
thickness, breadth (e.g., shoulder, wrist, etc.), and circumference [8]. Examination of
the nutritional status of children is carried out through anthropometrics. Whereas in
adults, anthropometrics is not only used to assess nutritional status, but also to assess
health status, especially with regard to obesity, and the risk of cardiovascular disease,
stroke, diabetes mellitus, dyslipidemia, and hypertension [9]. In the pediatric population,
anthropometry is used as a screening device to evaluate health status, nutritional adequacy,
and patterns of growth and development of children [8]. Measurement of growth and
normal growth patterns of children during the initial five years of growth is the gold
standard for clinicians to assess the health and well-being of children [10]. According to
the WHO, four anthropometric indices that are often used are mass for age, height for
age, mass for height, and body mass index (BMI) for age which are evaluated over time
to identify abnormalities or disorders of growth and development, especially in children
under five [11].

In order to obtain accurate anthropometric data, trained people are needed. In In-
donesia, anthropometrics generally still use manual methods using devices, including
scales, meters, and measuring tapes. This measurement requires quite a lot of time so it
is inefficient also exhibits poor reliability [12], there was a need for the development and
validation of accessible, valid, reproducible, and cost-effective technologies that are capable
of providing robust measurements of mass, height, and head circumferences.

Body mass measurement in children under five is performed using a baby scale or
floor scale for children aged 12-60 months or children who can stand [10]. In general, the
manufacture of mass scale utilizes a load cell sensor with a strain gauge and has a fairly
high accuracy [13]. The development of an anthropometric system for measuring body
mass using a load cell has an accuracy of +0.1 kg [14]. Each additional 1 gr of load produces
a voltage of 0.0001 V. The greater the added load, the greater the output voltage will be. It
was reported in previous studies that the average error was 2.12% [13].

Clinically, the physical growth records are maintained which is necessary for height.
Growth indicators like the height of the individual can be used in diagnosing conditions
such as stunting in children. Height measurement is generally carried out using a sta-
diometer for children aged 12-60 months and using an infantometer for infants. Various
manual methods have been used to date to measure the height. The typical method is to
stand in front of the stadiometer and manually check the height. However, the number
of errors may be introduced due to human errors because the eye cannot accurately read
the scale [15]. In addition, conventional measurements of height or body length require
physical contact and the skills of officers in reading the scale.

During the pandemic, non-contact anthropometry methods are indispensable because
they can reduce the risk of disease transmission. Measurement of height with a non-contact
method can be performed using a proximity sensor. A proximity sensor is a noncontact-type
sensor that detects the presence of an object. Proximity sensors can be implemented using
different techniques such as optical, ultrasonic, Hall effect, capacitive, and so on [16-18].

The use of ultrasonic sensors for height measurement is reported to yield good results.
The ultrasonic sensor HC-SR04 can detect the closest distance as small as 3 cm and as
far as 100 cm. To increase the accuracy of the readings from the ultrasonic sensor, it
can be performed by adding a Hall-effect sensor UGN 3503. It has been reported that
height measurement using the combination of these two sensors has an accuracy of 97.88%.
However, the addition of a Hall-effect sensor is technically difficult to implement because
it requires a small magnet or magnetizable material attached to the part of the body to
be measured [13]. The Hall-effect sensor is an inductive type that can be used to detect
magnetized objects, including metal or magnetic materials [19].
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Another anthropometrics of height is the use of an RGB-D sensor. The use of this
method makes it possible to measure the height and body dimensions including sitting
height, leg length, knee length, hand length, forearm length, shoulder width, and hip width.
The sensor will capture objects that can be detected, which then become an input for the
program to generate RGB data which will be processed to obtain skeletal tracking. The
program will then generate height and length data for other body parts. This method is
reported to have an absolute error of 2.53% for the measurement of height [12]. An RGB-D
sensor can be used to measure height, but it is not possible if it is used in anthropometry
which is integrated with measurements of mass and head circumference. This is because
the RGB-D sensor requires a distance of 4 to 6 feet from the object to be measured [20].

Another important anthropometric parameter is a head circumference. It is important
because the head circumference is among the characteristics of the growth process and
brain development, in which changes in brain size in children occur. Head circumference is
particularly crucial to measure in children as it reflects the size and growth of a child’s brain.
The American Academy of Pediatrics recommends that head circumference be regularly
monitored, primarily until a child reaches two years of age [21].

Head circumference is a part of anthropometry that requires accurate measurements.
Until recently, capturing head shape had been limited to sizes using the conventional
instruments (e.g., sliding calipers, spreading calipers, and measurement tapes). These
methods are pretty simple and inexpensive to perform. Nevertheless, there are several
limitations, including human error and time consumption to obtain accurate data [22-24].

Measurement of head circumference can be performed using a rotary sensor. The
working principle of this sensor is that a row of pulses will appear on each channel at a
frequency proportional to the rotational speed when the shaft rotates. In order to obtain
the distance traveled, this process can be measured by counting the number of pulses that
occur against the dish resolution [21]. Another method that has been widely developed
for measuring head circumference is the use of 3D surface scanning devices and structure
sensors. The use of this 3D system shows a good correlation with traditional measurements,
but the accuracy needs to be improved. This method has a maximum error approaching
13%. One of the obstacles in obtaining results that have a strong correlation with traditional
measurements is hair. Hair is one of the limitations of head surface scanning; therefore,
efforts are needed to minimize the beading effect by fitting all volunteers with nylon caps
when the scans are taken [22]. Camera utilization from the front and side is reported to
yield identical results with the utilization of the caliper. It's been reported that the best
distance between the camera and the head being 200 cm [25].

Concerning the current research’s various limitations, it is still necessary to develop
an accurate and easy-to-use anthropometric system. Therefore, in this study, we have
developed an anthropometric system for children aged 12-60 months.

2. Materials and Methods
2.1. System Block Diagram

In this study, the development of an integrated measuring instrument for body mass,
height, and head circumference was carried out in one device. In addition, to comply
with the health protocols during the pandemic, the anthropometric system is equipped
with a body temperature thermometer, sound output, and a thermal printer to print
the measurement results. Figure 1 below shows the block diagram of the developed
anthropometric system.

The system block diagram consists of a power supply block to supply electrical power
to all electronic device parts. The input block functions to input height measurement
data using the HC-SR04 sensor and sharp IR GP2Y0AZ21 sensor, head circumference mea-
surement using four, sharp IR GP2Y0A21 sensors, body mass measurement using a load
cell sensor, and body temperature measurement data using the MLX90614-DCI sensor.
The process block functions to process measurement data, including body mass, head
circumference, height, and body temperature, using an Arduino Mega 2560. The output
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block functions to display the data that has been processed using a sound module and a
thermal printer for measurement data of body mass, height, head circumference, and body
temperature, then the use of seven segment display for body temperature data.

1 Sensor HC.SRO4 q Output:
' 3 Arduino Mega 1. LCD16x2
Power sueel 2 Semsor® 2560 2. Sound modul
GP2YDA21 .
3. Sensor MLX90614- 3. Thermal printer
DCl

Figure 1. The block diagram of the anthropometric system is consisted of the input components,
namely the ultrasonic sensor HC-SR04, the half-bridge type load cell sensor, the temperature sensor,
a microcontroller component, the Arduino Mega 2560, and the output component consists of an LCD
to display measurement data.

2.2. Design and Planning

The anthropometric system developed consists of four main parts, namely: the base or
footrest for measuring body mass, a section for measuring height, a section for measuring
head circumference, and a control box for the entire electronic circuit. The anthropometric
system is made with a height of 140 cm and a base with a size of 30 x 30 cm, which
has been adapted to the characteristics of Indonesian children aged up to 5 years. The
whole process of measuring and displaying data is controlled using the Arduino Mega
2560 microcontroller.

2.3. Measurement Trial

For a limited trial on the performance of the anthropometric system that has been
built, measurements of body mass, height, head circumference, and body temperature were
carried out. This study used a sample of 5 children, comprising 3 boys and 2 girls. used.
The parents of the children involved had given their informed consent regarding this study.
The inclusion criteria in this study were children who could stand and were younger than
5 years old. This is due to the consideration that in the first 5 years of a child’s life is the
golden age period, so it is necessary to pay attention to their nutritional status. Measure-
ments were repeated 10 times each. The measurement results by the anthropometric system
that has been developed are compared with the measurement results from commercial
tools. The measurement data were presented using mean =+ deviation standard.

3. Results
3.1. Prototype of Developed Anthropometric System

The prototype of the anthropometric system that has been developed consists of 4 parts,
where the first part is the base for measuring body mass. The second part is the control box
which contains all the components, namely the microcontroller, LCD, temperature sensor,
thermal printer, and speakers. The third part is circular as a component for measuring
the head circumference, and the fourth part is located above the control box to place the
height-measuring sensor. Figure 2 shows the part of a control box and its component.

3.2. Body Mass Measurement Components

Four half-bridge load cell sensors were used for body mass measurement with a
sensitivity value of 1.0 = 15% mV/V. However, the output value generated from the half-
bridge type load cell was very small, so it required an amplifier, which was a HX711 as
shown in Figure 3.
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Figure 2. Control box of the anthropometric system and its components including push button. LCD
16 x 2, LCD 7 inch, seven segment display, temperature sensor, and thermal printer.

Load Cell1 (E+) Load Cell 2 [A-)

Arduino

Load Cell 3 (A+) Load Cell 4 [E-)

Figure 3. Load cell sensor communication circuit and HX711 module with Arduino.

Sensor characterization was performed by comparing the voltage at the measurement
point (A+ and A—) with the voltage at the source point (E+ and E—) by looking at increasing
or decreasing changes for every 100 g in the range of 100 gr to 10,000 gr and seeing
increasing or decreasing changes for every 50 gr in the range of 10,000 gr to 11,000 gr, each
of which was performed three times. For every change in the load of 100 gr, there was a
change in voltage of 1 £ 17% mV, whereas for every change in the load of 50 gr, there was
a change in voltage of 1 = 17% mV. Furthermore, the sensor characterization was carried
out through a graph of the sensor transfer function, specifically by comparing the load
value read on the digital scale with the load value read by the load cell sensor, as shown
in Figure 4.
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Transfer Function of Load Cell

y = 0.9987x + 28.725
R2=1

= Body Mass using Load Cell (gr)
Linear (Transfer Function)

Measured Body Mass using Prototype (gr)

~ft rfi'' 1T rrrrrrrrrrror
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,00011,000
Measured Body Mass using Commercial Scale (gr)
Figure 4. The graph of transfer function illustrates a comparison between the output of the load

cell sensor and the commercial scale (floor scale). The slope value of 0.9987 means that the load cell
sensor has high sensitivity, so the sensor output is proportional to the digital scale output.

Afterward, optimization of the position of the load cell sensor was carried out. The
load cell sensor was mounted on a board measuring 30 cm x 30 cm X 1.7 cm, and a plate
mass of 21,254 gr was used as the value of the calibration factor, as shown in Figure 5. In
order to determine the most optimal sensor position, five samples with different masses
were used, and measurements were carried out with ten repetitions.

Figure 5. Sensor placement at: (a) 3.9 cm distance; (b) 7.8 cm distance; (c) 11.7 cm distance; (d) 15.6 cm
distance; and (e) 19.5 cm distance.
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Placement of the sensor that is too close will cause the reference voltage to become
unstable, and friction will occur on the four sensors, causing a pressure-damping force.
In addition, a distance that is too close will cause the sensor to be overloaded, causing
a decrease in the elasticity of the sensor. Based on the test data that had carried out, it
was found that the sensor position had a small error percentage value (%) at a distance of
11.7 cm, which is 0.31%, as shown in Figure 6.

Optimization of Load Cell Sensor
3.0 - Position

N
o
1
*

N
o
1

Error Measurement (%)
o
1
»*.

-
o
1

0.5 +

| —*— Error Measurement (%)]

0.0 . :

1 v T v 1 v 1

S 10 15 20 25

Distance between Each Load Cell (cm)

Figure 6. Load cell sensor distance optimization graph. The position of the sensor with the small
percentage of error (%) is at a distance of 11.7 cm, which is 0.31%.

3.3. Height Measurement Components

In this study, for height measurements, a comparison was made using an ultrasonic
sensor HC-SR04 and an infrared sensor of the Sharp IR GP2Y0AZ21 type to identify the type
of sensor with better accuracy.

3.3.1. Characterization of HC-SR04 Ultrasonic Sensor for Height Measurement

The HC-SR04 sensor is an ultrasonic sensor widely used for distance measurement.
This sensor can read distances in the range of 2 cm to 4 m with an accuracy of 3 mm. The
ultrasonic sensor HC-SR04 emits waves with a frequency of 40 kHz. In this study, the
determination of the optimum distance is performed by finding the minimum distance
that the sensor can read. The distance range used is from 2 cm to 10 cm, with addition and
reduction in the distance by 0.5 cm, each of which was performed three times. The output
value on the sensor will be compared with the actual distance.

It was found that at a distance of 5 cm the sensor reading data had a small deviation
value of 0.03 cm. Therefore, it can be concluded that the sensor can measure the distance
accurately, starting from the actual distance of 5 cm. After that, the minimum distance is
used to graph the transfer function and the inverse function, which is 5 cm. The determi-
nation of the transfer function graph used a distance of 5 cm to 10 cm with increments of
0.1 cm and a distance of 10 cm to 135 with increments of 5 cm. The obtained results of the
transfer function graph are shown in Figure 7.
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Transfer Function of HC-SR04

Invers Function of HC-SR04
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Figure 7. (a) HC-SR04 sensor transfer function for height measurement. The slope value on the graph
indicates that the sensor has a sensitivity value of 0.991; and (b) HC-SR04 sensor invers function for
height measurement.

After obtaining the transfer function equation, the non-linear graph can be identified,
namely the inverse function. The inverse function equation will determine the value of the
relative error. Based on the equation of the inverse function, it is found that the relative
error value or the average sensor error is 0.83%.

3.3.2. Characterization of Sharp IR GP2Y0A21 Sensor for Height Measurement

The Sharp IR GP2Y0AZ21 sensor is a sensor that uses the principle of transmitting and
receiving infrared waves in order to obtain the distance value. This sensor utilizes the
triangulation method so that sensor detection will not be affected by operating duration,
reflectivity, and ambient temperature. This sensor has an output voltage value that corre-
sponds to the detected distance. The IR GP2Y0A21 sharp sensor has an accurate measuring
distance in the range of 10 to 80 cm. The value of the working voltage on the sensor is
around 4.5 volts to 5.5 volts.

In order to identify the minimum distance read by the sensor, characterization was
carried out using a distance of 5 cm to 10 cm with an addition or subtraction of 0.1 cm,
each of which was repeated three times. When the sensor reading distance is 10 cm, the
smallest standard deviation value is obtained; therefore, it can be said that the sensor has
a minimum distance of 10 cm. Furthermore, characterization is carried out to determine
the furthest distance that can be read by the sensor, as shown in the graph of the sensor
working range in Figure 8.

After knowing the sensor’s minimum value and working range, a transfer function
is made using a distance of 10 cm to 100 cm with a change in distance of 5 cm. It can be
concluded that the relative error value or average error of the sharp IR sensor GP2Y0A21
for height measurement is 0.24%.

In this study, the prototype of anthropometric system has a height of 140 cm. This is
based on the fact that according to Indonesian standards, it is known that the maximum
height standard for Indonesian children is around 123.9 cm at this age [25,26].

3.4. Characterization of Sharp IR GP2Y0A21 Sensor for Head Circumference

Four Sharp IR GP2Y0A21 sensors are used for the head circumference measurement,
each of which is placed at an angle of 90°. At first, the characterization of 4 sensors was
carried out by identifying the minimum distance that the sensor was able to read, using a
distance range of 5 cm to 10 cm with a difference in the distance range of 0.1 cm, repeated
three times, the results are shown in the Figure 9.
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Sharp IR Sensor GP2Y0A21 Working Range Chart for Height
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Figure 8. Graph of the Sharp IR GP2Y0AZ21 sensor’s working range shows that the sensor can read
distances in the range of 10 cm to 100 cm. However, the sensor is saturated when reading the distance

beginning from 100 cm and further, where the sensor cannot read the distance accurately.
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Figure 9. Minimum distance graph using four sharp IR sensors GP2Y0A21 for head circumference.
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Determination of the transfer function on the four Sharp IR GP2Y0A21 sensors for head
circumference is carried out using a distance of 10 cm to 65 cm with a distance range of 5 cm.
The four sensors for head circumference have output values that are directly proportional
to the actual distance, and it can be seen that the transfer function graph is linear. The
slope or sensitivity value for head circumference 1 is 0.9995, head circumference 2 is 0.9962,
head circumference 3 is 1.0002, and head circumference 4 is 1.0013. This shows that the
sensitivity value of the four sensors is relatively high. Based on the transfer function graph
obtained, the actual value measured can be determined by making a graph of the inverse
function. The relative error value or average error of head circumference sensor 1 is 0.51%,
head circumference sensor 2 is 0.53%, head circumference sensor 3 is 0.25%, and head
circumference sensor 4 is 0.37%. The head circumference measurement is performed by
determining the width and height of the head by fitting the ellipse equation [23].

3.5. Characterization of MLX90614-DCI Sensor for Body Temperature Measurement

The MLX90614-DCI sensor is a non-contact sensor that utilizes infrared radiation
emitted by objects, which will then convert into temperature quantities. This sensor has
a field of view of around 5°, so it is very suitable for calculating temperatures with high
accuracy and has a wide range of temperature readings.

The optimum distance of the MLX90614-DCI sensor is determined by measuring the
object’s temperature from a distance of 1 cm to 20 cm with the addition of a distance of 1 cm.
The temperature read by the sensor is then compared with the temperature reading by the
thermogun. Based on the comparison data of the two temperature measurement methods,
it can conclude that the MLX90614-DCI sensor has an optimal distance of 14 cm because it
has the smallest deviation. Furthermore, the data correlation is carried out by plotting the
distance data with the output value on the MLX90614-DCI sensor and comparing it with
a body temperature measuring instrument or thermogun. Data plotting was carried out
using a temperature range of 35 °C to 40 °C, as shown in Table 1.

Table 1. Comparison of temperature measurements using a thermogun and MLX90614-DCI sensor.

Object Thermogun (°C) Sensor MLX90614DCI (°C)
Cheek 35.8 35.92
Palm 36.4 36.50

37 °C Water 37.2 37.28

38 °C Water 38.5 38.57

39 °C Water 39.1 39.22

40 °C Water 40.3 40.43

The output value of the thermogun and sensor strongly correlates with the value of r
in the range from 0.8 to 1. Then, a transfer function is made based on the data in Table 1, as
shown in Figure 10.

The transfer function graph of the MLX90614-DCI sensor is linear, which shows that
the sensor output value is proportional to the value measured by the thermogun. This is
because the MLX90614-DCI sensor has a high sensitivity, which is indicated by the slope
value of the transfer function of 1.003. After obtaining the transfer function, a graph of the
inverse function and the error value of the sensor is made. The average error value of the
MLX90614-DCI sensor for measuring body temperature is 0.05%.

3.6. Anthropometric System Testing
3.6.1. Body Temperature Measurement

Body temperature measurement is carried out by placing the hand at an optimum
distance of 14 cm, as shown in Figure 11.

Body temperature measurements for five participants were carried out using a proto-
type anthropometric system that had been developed and compared with conventional
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measurements using a thermogun. The results of measuring body temperature are shown
in Table 2. The average error in the developed anthropometric tool is 0.06%

Transfer Function of Sensor MLX90614-DCI
41.0 -

405
4{].0-‘
39.5-‘
39.0 !
38.5-

38.0 H

375 4
y = 1.003x — 0.0116

R?*=0.9998
®  Temperature Measurement using

Sensor MLX90614-DCI
——— Linear (Transfer Function)

37.0 4

Sensor MLX90614-DCI (°C)

Temperature Measurement using

36.5 4

36.0 +

355 —r 1T 11~ 1T~ T~ 7"~ T T "1 ~—T1T 1
350 355 360 365 370 375 380 385 390 395 400 405 41.0
Temperature Measwement using Commercial Termogun (°C)

Figure 10. Transfer function graph of MLX90614-DCI Sensor.

@) (b

Figure 11. Body temperature measurement on: (a) Commercial Device; and (b) MLX90614-DCI Sensor.

Table 2. Results of body temperature measurement using conventional tools and prototype of
anthropometric system.

Temperature (°C/Mean + SD)

Participant No  Age (Years) Sex
Conventional  Prototype Error (%)
1 4 Female 363+0 363+0 0.08
2 5 Female 36.5+0 355+ 0 0.08
3 4 Male 365+0 36.5+0.01 0.03
4 5 Male 36.6+0 366+0 0.03
5 3 Female 36.1+0 36.1 = 0.03 0.08

Average error 0.06




J. Sens. Actuator Netw. 2022, 11, 69

12 of 17

3.6.2. Height Measurement

Height measurement uses two sensors, the HC-SR04 sensor and the Sharp IR GP2Y0A2
sensor, which is performed to compare the performance of the two sensors. The output
value read by the two sensors will be compared with a commercial device to obtain the error
value. The measurement results are displayed on a 16 x 2 LCD and can be printed using a
thermal printer as hard copy. In addition, the anthropometric system is also equipped with
sound output. The results of the height measurement can be seen in Figure 12.

(d)

Figure 12. Height measurement (a) using a stadiometer; (b) using sensor HCSR-04 and IR GP2Y0A2;
(c) scale on the stadiometer; and (d) display of height measurement on LCD 6 x 2.

Based on the tests carried out in Table 3, the average error of height measurement
using the sharp IR sensor GP2Y0A21 is 0.33%. Measurement of height using the sharp IR
sensor GP2Y0A21 has an average error value of 2.19%.

Table 3. Comparison of height measurement results using conventional tools (a stadiometer), ultra-
sonic sensors (US) and infrared sensors (IR).

Body Height (Cm/Mean + SD)

Participant No  Age (Years) Sex
Conventional Prototype (US)  Prototype (IR)  Error (US/%)  Error (IR/%)
1 53 Female 98 £0 100.0 £ 1.94 98.3 £ 0.01 2.07 0.29
2 5 Female 1175+ 0 1188 £ 0 117.7 £ 0.01 1.13 0.16
3 4 Male 108 £ 0 111.0 £2.25 108.2 £0 2.79 0.15
4 5 Male 1135+ 0 114.9 £+ 4.98 113.7 +£0 1.31 0.15
5 3 Female 86 89.1 +0.12 86.8 £ 0.11 3.64 0.91

Average error 2.19 0.33
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Based on data from the test, it is found that the sharp IR sensor GP2Y0A21 has a
smaller error than the HC-SR04 sensor. In addition, the sharp IR GP2Y0A21 sensor can
detect objects faster because the IR beam communication is very safe and is not blocked by
anything through the sensor’s line of sight.

3.6.3. Head Circumference Measurement

The component for measuring head circumference is circle shaped with an outer circle
diameter of 33 cm and an inner circle diameter of 27 cm. The four sensors are placed inside
the outer circle (the space between the inner and outer circle) with positions on the front,
right, left, and back sides. The measurement of head circumference is through the length
of the distance between the sensor and the toddler’s head. The measured distance is then
converted using the ellipse equation to approximate the head circumference. Finally, the
output value read by the sensor will be compared with a commercial device so that the
relative error can be obtained. The series of tests carried out can be seen in Figure 13 below.

(©) (d)

Figure 13. Head circumference measurement tests (a) using the commercial device; (b) using anthro-
pometric prototype; (c) display of height measurement on LCD 6 x 2; and (d) printer output.

The measurement results for the five participants were carried out using a measuring
tape as a conventional tool and a prototype anthropometric, as shown in Table 4 below.



. Sens. Actuator Netw. 2022, 11, 69 14 of 17

Table 4. Comparison between head circumference measurement results using conventional tools
(measuring tape) and a prototype (IR sensor).

Head Circumference (Cm/Mean + SD)

Participant No Age (Years) Sex
Conventional  Prototype Error (%)

1 4 Female 49.0+£0 49.4 +0.03 0.71
2 5 Female 525+0 52.9 £0.01 0.91
3 4 Male 540+0 54240 0.44
4 5 Male 550+0 543 +0 0.51
5 3 Female 48.0+0 48.4 £ 0.02 0.92

Average error 0.70

Based on the tests carried out, the error value in measuring head circumference using
four sharp IR sensors GP2Y0A21 is 0.7%.

3.6.4. Body Mass Measurement

Body mass measurements were carried out using four, half-bridge load cell sensors.
The four load cell sensors were placed at the optimum distance between the sensors, which
is a distance of 11.7 cm. Figure 14 shows the tests performed for body mass measurement.

®

(© @

Figure 14. Body mass measurement test: (a) using the commercial device; (b) using anthropometric
prototype; (c) display of body mass measurement on the LCD 6 x 2; and (d) printer output.

The results of measuring body mass using conventional tools and prototype of the
anthropometric system are shown in Table 5. The average error in this test is 0.92%.
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Table 5. Comparison between body mass measurement results using conventional tools (floor scale)
and a prototype of an anthropometric system.

Body Mass (Kg/Mean £ SD)

Participant No Age (Years) Sex
Conventional  Prototype Error (%)

1 4 Female 135£0 13.6 = 0.04 0.59
2 5 Female 184 £0 18.4 £ 0.06 0.33
3 4 Male 21140 2144023 1.37
4 5 Male 16.5+0 16.6 £0 0.48
5 3 Female 11.1+0 11.3 +0.03 1.81

Average error 0.92

4. Discussion

Changes in body mass and height are essential parameters that indicate infants” and
children’s health and nutritional adequacy. This is closely related to the growth and
development of children [27]. Among child growth disorders is stunting, where children
are characterized by having shorter statures compared to other children their age. Children
are stunted if their height-age index, which is indicated by their z-score, is below —2 SD.
In the long term, stunting can affect children’s cognitive abilities and increase mortality
and morbidity [28].

One of the steps required to prevent or detect stunting in children early is to regularly
measure their mass and height, especially in the first five years of the child’s life. Generally,
the measurement of children’s mass and height is performed simply using a scale and a
stadiometer, where this method will inevitably involve physical contact between children
and health workers. Several studies have reported various non-contact methods, includ-
ing kinetic sensors, ultrasonic sensors, micro-Doppler radar, etc. The main limitation of
non-contact body mass measurement is the main anatomic characteristics and the com-
partmental components. Ultrasonic sensors are cost-effective for measuring height despite
variations in body shape [29].

In this study, the development of a non-contact anthropometric system that can be
used for measuring body mass, height, and head circumference of children aged 1 to 5 years
has been successfully carried out. This anthropometric system is equipped with a body
temperature thermometer, thermal printer, and voice output to inform the measurement
results. This anthropometric system is one of the innovations in non-contact anthropometry.
Non-contact technology in medical devices plays an important role, especially in the
era of the COVID-19 pandemic. Minimizing contact can minimize the risk of infection
transmission during anthropometric measurements [30].

5. Conclusions

Based on the data and the analysis above, the anthropometric system for measuring
body mass using a load cell sensor has high accuracy with an average error of £0.92%.
For height measurement, the average error is 0.33% for the IR sensor, whereas the ultra-
sonic sensor has an average error of 2.19%. For head circumference measurements using
the configuration of four infrared sensors, the average error is 0.70%. The developed
anthropometric system is also equipped with a body temperature thermometer using the
MLX90614-DCI sensor, which has an average error of +0.06%. Based on these results, we
sure that the anthropometric system prototype can accurately measure the body mass,
height, and head circumference of children under five in the Integrated Healthcare Center
(Posyandu). Accurate measurement results can be used to determine the children under
five’s nutritional status and detect stunting early. For further studies, it is necessary to
conduct measurement trials with a more significant number of samples.
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