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Caring for neonatals and reducing mortality rates is a critical health
and social priority today. Statistics indicate that many infant deaths
each year result from preventable issues. Advances in technology
and the Internet of Things (IoT) present new opportunities to
enhance newborn healthcare and monitoring. This article discusses
the necessity of developing a comprehensive loT-based system for
neonatal care. If effectively designed and implemented, this system
can enable continuous health monitoring, timely alerts, and
improved neonatal safety. The current study demonstrated that
new technologies can significantly lower infant mortality and
enhance quality of life. Its goal was to empower doctors, nurses,
parents, and stakeholders to remotely monitor newborns'
conditions using appropriate sensors. The Internet of Things was
employed to continuously monitor a baby's vital signs, alertness,
and health through sensors that track temperature, movement, and
ambient light.
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EXTENDED ABSTRACT

Introduction

Infant health and well-being are fundamental priorities, as early childhood care significantly
impacts long-term development and quality of life. Despite medical advancements, infant
mortality remains high, especially in regions with inadequate healthcare access. Contributing
factors include a lack of timely care, insufficient monitoring, and ineffective warning systems.
Consequently, there is an urgent need for an intelligent, comprehensive system to monitor and
care for newborns.

The Internet of Things (IoT) has emerged as a transformative technology, spanning
applications in healthcare, smart cities, agribusiness, and security. In healthcare, 0T devices
facilitate remote monitoring, fitness programs, and elderly care, promising lower costs and
enhanced care quality. This study introduces an IoT-based system to remotely monitor
newborns' health. The proposed system tracks vital signs, monitors ambient conditions, and
provides real-time alerts to caregivers, aiming to improve neonatal outcomes and reduce
preventable infant deaths.

Methodology
The methodology for this study follows a structured, step-by-step approach to design and
implement the IoT-based neonatal monitoring and care system:

Step 1: Identification of Key Health Metrics
The first step was identifying critical health parameters to monitor in newborns, including heart
rate, body temperature, movement, ambient temperature, diaper moisture, and wakefulness.

Step 2: Selection of Sensors
Based on the identified metrics, appropriate sensors were selected:
—  PulseSensor for heart rate
—  HC-SR501 PIR sensor for motion detection
—  DHT22 sensor for temperature and humidity
—  WaveShare LM386 for voice recognition
—  TCS3200 for color detection (body temperature)
—  Humidity sensor for diaper moisture
—  Special baby clothes with color-changing properties for temperature monitoring.

Step 3: System Integration and Hardware Setup

The selected sensors were integrated into a comprehensive system using Arduino Uno R3,
NodeMCU boards, and a ProMake Universal Relay Shield. These components allow
communication between the sensors and the mobile application.

Step 4: Development of Mobile Application

A mobile application was developed to display real-time data from the sensors. It allows
caregivers to monitor the newborn's condition remotely and receive alerts if any health
parameter goes beyond the defined thresholds.
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Step 5: Testing and Evaluation

The system was tested by simulating different scenarios (e.g, abnormal heart rate,
temperature changes, and diaper moisture). The effectiveness of the system was evaluated based
on its ability to provide timely alerts and ensure continuous monitoring.

Step 6: Data Analysis and Optimization
Data collected during testing was analyzed to optimize the system's performance.
Adjustments were made to improve the accuracy and reliability of sensor readings and alerts.

Results and discussion

The results demonstrate that the designed IoT system effectively monitors and tracks the
health and well-being of newborns. The system's sensors successfully measure vital signs such
as heart rate, body temperature, and movement, and they trigger real-time alerts when
thresholds are exceeded. The system also effectively adjusts environmental conditions, such as
light and temperature, based on the baby's needs. The integration of the special baby clothes with
color-changing technology provided an innovative solution for temperature monitoring, adding
an additional layer of safety. The mobile application successfully displayed all real-time data and
alerted caregivers when necessary, enhancing the overall quality of infant care. The discussion
suggests that this system could play a crucial role in reducing neonatal mortality by providing
timely alerts and facilitating continuous monitoring, even in regions with limited healthcare
access. Future improvements could include expanding the system's capabilities and integrating
it with broader healthcare frameworks to optimize neonatal care on a global scale.

Design and implementation
The objectives of developing and implementing a comprehensive remote neonatal
monitoring and care system include the following six points:

—  Monitoring the baby's heart rate: A compatible sensor tracks the heart rate, which can
be accessed anytime through a mobile app. Alerts are issued if the heart rate goes
beyond acceptable limits.

—  Monitoring movement and adjusting ambient light: The system assumes the baby is in
a dark environment. When someone enters, movement is detected, and ambient light
is automatically increased. Once the person leaves, the light is reduced again. Lighting
conditions can also be monitored via the mobile app.

—  Temperature monitoring: The compatible sensor periodically measures ambient
temperature, displaying it in the mobile app. If the temperature exceeds the threshold,
an alert is triggered, and the fan activates to cool the area.

—  Baby wake-up monitoring: The sound sensor detects when your baby wakes up and
cries. Upon detection, an alert is issued, and the crib begins to move.

—  Baby health monitoring: The moisture sensor checks the diaper's moisture level to
assess the baby's health, issuing alerts as necessary.

—  Body temperature monitoring: This project utilizes special clothing that changes color
when a baby's body temperature rises, indicating a fever. Color detection sensors
measure this change and can trigger an alert for increased body temperature. The
status of all sensors is displayed remotely in real-time on a mobile application. Figure 1
demonstrates the system's structure, and Figure 2 illustrates the system designed for
monitoring infants.
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Figure 2. Comprehensive neonatal
remote monitoring and care system.

Figure 1. System structure and design schematic.

The hardware and applications used in this project included!:
—  PulseSensor heart rate sensor
— HC-SR501 PIR Motion Detection Sensor
—  DHT22 Temperature Sensor
—  Humidity sensor (water level)
—  WaveShare LM386 Voice Recognition Sensor
—  TCS3200 color detection sensor
—  Feverish baby clothes
— SG90 servo motor
—  Arduino Uno R3 board
—  NodeMCU Board
—  ProMake Universal 8ch Relay Board Relay Shield

Conclusion

The IoT-based neonatal monitoring system significantly improves infant care by addressing
challenges like preventable deaths and inadequate monitoring. It ensures comprehensive care
by tracking vital signs, environmental conditions, and health indicators while providing timely
alerts to caregivers. The integration of color-changing clothing for temperature monitoring adds
an innovative safety feature. Its adaptable design allows for scalability in neonatal care globally.
Future large-scale implementations could validate its impact on reducing neonatal mortality, and
integration into healthcare frameworks could enhance care coordination and efficiency, setting
new standards for newborn health and safety worldwide.

1 The implementation codes are uploaded to the https://github.com/M-Dehghan-Ch/IoT-Baby-

Monitoring-Project address and are available to the public.
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Code 1: heart rate calculation per minute

#define USE_ARDUINO_INTERRUPTS true

/I Includes the PulseSensorPlayground Library

#include <PulseSensorPlayground.h>

const int PulseWire = AQ; //'S' Signal pin connected to A0

const int LED13 = 13; // The on-board Arduino LED

int Threshold = 550; // Determine which Signal to "count as a beat" and which to ignore

PulseSensorPlayground pulseSensor; // Creates an object

void setup() {
Serial.begin(9600);

I/ Configure the PulseSensor object, by assigning our variables to it
pulseSensor.analoginput(PulseWire);
pulseSensor.blinkOnPulse(LED13); // Blink on-board LED with heartbeat
pulseSensor.setThreshold(Threshold);

// Double-check the "pulseSensor" object was created and began seeing a signal
if (pulseSensor.begin()) {
Serial.printIn(""PulseSensor object created!");

}

}
void loop() {
int myBPM = pulseSensor.getBeatsPerMinute(); // Calculates BPM

/I Constantly test to see if a beat happened

if (pulseSensor.sawStartOfBeat()) {
Serial.printin("v A HeartBeat Happened ! *);// If true, print a message
Serial.print("BPM: ");
Serial.printin(myBPM); // Print the BPM value

delay(20);
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