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Abstract.

Many infant mortality rates are due to premature events. Premature babies are at
high risk for hypothermia and hyperbilirubinemia. To overcome this, an incubator
can be used as a warmer and light therapy as blue light therapy for yellow babies.
However, both medical devices have still been found using manual control. If the
health worker is tired of working and manually controlling both devices, it can put
the baby at risk. Multifunctional infant incubator based on ESP32, which is an
infant incubator equipped with phototherapy and a mechanical swing. This
multifunctional baby incubator has the ability to warm the baby's body, the baby
yellow light therapy, and can calm the baby when crying. This tool can be monitored
remotely using the Internet of Things (IoT). The sensors used are the DHT22 sensor
and the sound sensor. Multifunctional baby incubator can make it easier for hospital
or basic health care facility level to monitor baby's health in real time without being
at the device location and the resulting data can be stored neatly.
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1. INTRODUCTION
Gestation age is a factor influencing infants’ survival and life quality. Preterm

infants possess a higher mortality risk than the term ones. It is because of their
difficulties in adapting to life outside the womb due to their body organs immaturity
[21]. WHO defines preterm as labor before gestation age of 37 weeks or less than 259
days calculated from the last menstruation’s first day. Preterm birth is classified into
three groups based on the gestation age, namely:

- Extremely preterm (< 28 weeks)

- Very preterm (28 - < 32 weeks)

- Moderate or late preterm (32 - < 37 weeks of gestation age)

The number of preterm births is estimated for 15 million babies to encounter

long-term complications. Almost one million children died annually due to preterm
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birth complications, where more than 60% of preterm births occur in Africa and South
Asia. Meanwhile, low- and moderate-income countries have higher disease loads with
preterm births. WHO also noted that Indonesia is the 9th of the top 11 countries with
preterm birth rates of more than 15%, and Sth of the top 10 preterm birth contributors
worldwide with a preterm birth number of 15.5 per 100 live births [26].

Infant health problems are even more complicated in low birth weight ones.
Preterm infants need special care, even intensive. One of the problems in preterm
infants is hypothermia [15]. Preterm infants rapidly experience body heat and become
hypothermia because of their non-well-functioned central heat regulation, low
metabolism, and relatively wide body surface. Therefore, preterm births have to be
treated in incubators so that their body heat will be equal to or come close to heat in the
uterus [16].

In 1997, WHO classified hypothermia to four categories based on definitions
of normothermia and hypothermia:

- Normal (36.5 —37.5°C)

- Mild hypothermia (36.0-36.5°C)

- Moderate hypothermia (32.0-36.0°C)
- Severe hypothermia (< 32.0°C)

Besides hypothermia, preterm infants are also at risk of jaundice or
hyperbilirubinemia as infections and coupled with mortality and disability risks [10].
Approximately 50% - 70% of term infant births and 80% - 90% preterm infant births
experienced hyperbilirubinemia [5]. Hyperbilirubinemia is a physiological condition
on infants with clinical symptoms such as skin color change and yellowing sclera due
to high bilirubin [8].

An incubator is needed to tackle hypothermia. An infant incubator is a medical
equipment to maintain temperature stability in a room to remain stable in the
predetermined temperature [1]. An infant incubator is generally used for preterm
infants who cannot adapt to the surrounding environment. An infant incubator
decreases the temperature gradually to comfort babies [12]. The infant incubator’s
temperature is maintained at the normal range of 33°C to 35°C. Besides, relative
humidity of 40% to 60% is necessary to be maintained to help stabilize the infant’s
body temperature [22].

Phototherapy action is a method to decrease the blood bilirubin level [4].
Initially, it was carried out naturally using the sunlight. However, the limited effective
lighting time, in which can only be carried out from 07.00 - 09.00 in the morning,
makes this therapy cannot be carried out throughout the day [9]. In tackling this
problem, therapy equipment from artificial light, commonly called blue light therapy,
is utilized. This therapy equipment uses a lamp radiating a blue light spectrum with a
wavelength of 400-520 nm. Phototherapy typically uses blue, green, or blue-green
lamps. However, the blue light may affect infants’ skin. In minimizing such effects, the
blue light is combined with white light [20]. The radiating distance between infants
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and the light source during the therapy is + 30-50 cm [9]. Besides being affected by
light beam wavelength, phototherapy effectiveness also depends on the light intensity
(irradiance), the distance between the lamp and infants, and the infants’ body surface
area exposed to the light beam [3]. The higher the light intensity and the closer the
phototherapy distance, the faster the bilirubin level reduction [20]. Based on the
broader illumination area and higher intensity, fluorescent lamps' blue light is more
effective than the blue light of LED lamps [17].

Development and studies regarding incubators have extensively conducted
[11] developed an infant incubator with automatic on-off control that was economical
for delivery clinics.

Various control method was implemented in the development of [14]
incubator, i.e., “The Development of Infant Incubator and Wireless-Based Monitoring
System” that could control and monitor the infant incubator’s temperature wirelessly.
However, the equipment was still using several separate components, such as
Atmega8535 microcontroller, modern radio of YS-1020B frequency, LM35DZ sensor,
and SHT11 humidity sensor. [24] developed an incubator with PID control to regulate
the temperature using heater and fan. [28] reviewed the implementation of indirect
adaptive generalized predictive control (IAGPC) on a neonatal incubator, which was
more effective in controlling temperature than using the on-off and PID. [6] utilized
ANFIS control to control the temperature inside of the incubator. [27] developed an
incubator to monitor the temperature and humidity from afar using two sensors, i.e.,
the DS18B20 sensor and the DHTI11 sensor. [2] developed an incubator with
Raspberry Pi as a single board computer utilized in a monitoring system and using
DHT11 as the sensor. [23] developed an incubator based on the Arduino Uno
ATmega328 to monitor the temperature and humidity.

Several incubator development studies augmented incubator functions. [7]
developed an automatic incubator equipped with phototherapy, biometric fingerprint
reader, long-distance monitoring, and heart rate control module for developing
countries. [19] developed a portable and wireless incubator using wifi and infrared to
measure heart rate, the oxygen level in the blood, and temperature. [18] developed an
incubator equipped with phototherapy, long-distance monitoring, and warning
equipment that buzzed when the baby cries.

With these advances, the author also developed an incubator equipped with
phototherapy and ESP32-based long-distance monitoring. Besides, it was equipped
with a mechanical swing to calm babies when they cried. The sensor used was the
DHT22 that could read the temperature and humidity and sound sensor to detect
babies’ cries. Both sensors were integrated, which made the system efficient.
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II. METHODS
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Fig. 1. Study Framework

It is visible from figure 1 that the study process was initiated with a literature
study. In this step, the author learned and read literature regarding the study. Literature
used as references were scientific journals, books, or sources from the Internet. Then,

the author designed the hardware, software, and electronic series scheme.
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Fig. 3. Hardware Block Diagram
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On the hardware designing step, the author created a design according to figure
2. The material used on the infant incubator wall was acrylic of 60 x 40 x 40 cm?>. The
bottom crib box consisted of electronic components that function to run the system on
the equipment. The bottom crib box’s size was 70 x 50 x 15 cm®. Acrylic was put in
the primary frame, and holo iron was utilized so that the multifunction infant incubator
wall was installed firmly. The mechanical swing was set under the multifunction infant
incubator so that the movement did not crash into the multifunction infant incubator
wall.

The sound and DHT22 sensors were installed on the base of the multifunction
infant incubator. Inside the bottom box, there were the buzzer, relay, RTC, ESP32,
motor stepper, fan, driver motor, and light bulb. On the cover of the multifunction
infant incubator, a phototherapy lamp and indicator lamp fitting were installed. Four
TL 20W/52 blue light lamps and one daylight lamp were installed. The daylight lamp
was installed to neutralize the light of TL 20W/52 blue light that might affect infants’
skin. Meanwhile, the ON button, OFF button, LCD, and push-button were installed on

the bottom crib box wall.
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Then, on the software designing step, the author built the software, which is the
overall study's system flow.
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Fig. 5. Overall Electronic Series

In the overall electronic series, all electronic series were present. They were the
LCD series, EDP32 series, DHT22 temperature sensor series, sound sensor series, RTC
series, and relay series, as illustrated in figure 4. Figure 4 presents the overall
electronic series used in this equipment system.

INFANT WARMER

Fig. 6. Web Monitoring Display
The equipment application could be accessed in PC browsers or mobile
phones. One should type https://imorat-ink.id on the browser URL. The account

creation was adjusted to the channel creation to monitoring the equipment. The
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web monitoring display is presented in figure 5. On the hardware and software
integration step, the author connected both wares to be a system that worked
thoroughly and continuously. Then, a separate and thorough equipment testing
was carried out in a system. On the analysis and conclusion step, the author
concluded the study results to provide the desired result.

I11. RESULT AND DISCUSSION

Several testing and analyses were carried out on all inputs and outputs
on the results and discussion section. Sensor testing and analysis were
necessary to discover whether the sensor was working properly as input
according to the plan. Sensor calibration was conducted to ensure the sensor
was working in order.

Fig. 7. Overall Equipment Shape
Testing the temperature and humidity control in the incubator system

The temperature set point and normal humidity were 33-35°C and 40%-60% RH on the
incubator's temperature control. Temperature, humidity, lamp condition, and fan
condition analyses were carried out based on the testing results. When the temperature
> 35°C and RH < 40%, four light bulbs were off, and the fan was on to minimize
temperature increase. If the temperature < 33°C and RH > 60%, light bulbs were on,
and the fan was off to maintain the infants' temperature and humidity stability. These
conditions occurred periodically. When the baby cried, the buzzer would sing twice,
and the mechanical swing was automatically moving, and the baby is expected to calm
down. If the timer was running out, four light bulbs were off, and the buzzer was
ringing thrice.
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Fig. 8. Temperature, Humidity, and Mechanical Control on the
Incubator System
- Testing the phototherapy system

Users input the previous bilirubin level value. The LCD would then display the
bilirubin level value and humidity, coupled with a running timer. When the humidity <
40% RH, the fan would turn on. If the humidity > 60% RH, the fan would turn off.
When the baby cried, the buzzer ringed twice, and the mechanical swing would
automatically move, and the baby is expected to calm down. If the timer was running
out, four TL 20W/52 blue light lamps and one daylight lamp were off, marked by the
buzzer that ringed thrice.

Fig. 9. Humidity and Mechanical Swing Control on the Phototherapy System

IV. CONCLUSION

Based on the study conducted and discussion explained, it is concluded that the
ESP32-based multifunction infant incubator is appropriate to be utilized in hospital
institutions and primary healthcare services using manual monitoring. Besides the
long-distance monitoring, the infant incubator was equipped with phototherapy and a

mechanical swing to calm babies when they cried. On the temperature > 35°C and RH
http://ijstm.inarah.co.id
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< 40%, four light bulbs were off, and the fan was on to minimize temperature increase.
Meanwhile, on the temperature < 33°C and RH > 60%, light bulbs were on, and the fan
was off to maintain the infants' temperature and humidity stability. These conditions
occurred periodically.
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