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ABSTRACT

Provision of appropriate neonatal care, particularly for low birth weight and premature newborns, is important
to guarantee survival and proper development. Conventional incubators, though viable, are usually costly and
inaccessible in conditions of limited resources. The following is the description and development of a Portable
Baby Incubator using Raspberry Pi Pico as the main controller, providing a cost-efficient and dependable
solution to neonatal treatment in various conditions. Through the use of smart automation and remote
monitoring, this incubator seeks to increase neonatal survival rates with minimized reliance on traditional
medical infrastructure.

The Portable Baby Incubator incorporates a variety of sensors such as the MAX30100 for heart rate and oxygen
levels and the DHT11 for temperature and humidity. The incubator maintains an internal environment through a
heater, exhaust fan, and UV lamp, regulated by relays for the optimal neonatal environment. The system uses
solar-powered rechargeable batteries for operation, thus providing seamless performance even in emergency or
off-grid environments. The data is viewed in real time on an LCD display for local monitoring, and remote
access is facilitated through the ESP32 module, while ESP8266 uploads data to Think Speak for cloud
monitoring. Caregivers receive alerts on deviations, providing them with timely intervention and shortening
response time during emergencies. Moreover, the modular design of the system facilitates easy scalability and
future upgrades, thus making it a versatile solution that can accommodate changing healthcare requirements.

The incubator's tough yet lightweight casing and high-performance insulation materials reduce heat loss
while insulating sensitive inner components. Temperature is controlled efficiently by thermoelectric
modules to provide a constant environment necessary for infant well-being. Low-power components and a
power-efficient design guarantee extended battery life, keeping costs of operation low. Affordability,
portability, and real-time automated monitoring blended together improve neonatal care, especially in
resource-poor areas, to extend high-quality infant care andsustainability.

INTRODUCTION

The Portable Baby Incubator using Raspberry Pi is an innovative solution designed to improve neonatal
care, particularly for premature and ill infants in resource-limited settings. Traditional incubators,
essential for maintaining stable temperature and humidity, are often expensive and inaccessible in rural
or disaster-affected areas. This project bridges the gap by offering a cost-effective, compact, and
portable alternative that ensures newborns receive the necessary care. By integrating Raspberry Pi as
the central controller, the incubator continuously monitors and regulates environmental conditions,
making neonatal care more efficient and accessible.

Equipped with a DHT11 sensor for temperature and humidity tracking, a MAX30100 sensor for vital health
monitoring, and a UV lamp for sterilization, the system ensures a safe and controlled environment for infants.
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Powered by a solar panel, the incubator is suitable for off-grid locations, enhancing its usability in remote areas.
Real-time data display, ESP32-based live video streaming, and cloud integration via ESP8266 further enhance
its functionality, making neonatal care more reliable and scalable

OBJECTIVE

The objective of the Portable Baby Incubator using Raspberry Pi is to develop a cost-effective, portable, and
scalable solution to enhance neonatal care for premature or ill infants, particularly in low-resource settings.
Traditional incubators often come with high costs and bulky designs that make them inaccessible in many rural
areas, where healthcare facilities may lack the necessary infrastructure to support standard neonatal care. This
project aims to bridge this gap by utilizing the Raspberry Pi microcomputer, which offers significant
computational capabilities at a fraction of the cost of conventional incubators.

The primary goal of this project is to create a portable incubator that maintains a stable, controlled environment
for newborns. By carefully regulating essential parameters such as temperature, humidity, and oxygen levels,
the incubator can ensure that infants receive the necessary care to survive and thrive in their critical early days.
The Raspberry Pi allows for real-time monitoring and control of these parameters, enabling healthcare providers
to respond quickly to any fluctuations that could jeopardize the infant’s well-being. This real-time capability not
only enhances the safety of the newborns but also provides caregivers with peace of mind.

Another significant objective is to promote ease of use and accessibility. The design of the Portable Baby
Incubator focuses on simplicity, making it user-friendly for healthcare workers in low-resource settings who
may have limited technical training. The intuitive interface and straightforward operational procedures aim to
minimize the learning curve associated with using advanced technology. Additionally, the portability of the
incubator is a critical feature, allowing it to be easily transported between locations, whether it’s from a home to
a healthcare facility or during emergency transport situations.

PROPOSED SYSTEMS

Portable incubators represent a significant advancement in neonatal care, particularly in addressing the
challenges faced in low-resource settings. Designed to be lightweight and easily transportable, these incubators
provide a critical solution for premature or ill infants who require a controlled environment for optimal
development.

By leveraging modern technology, such as the Raspberry Pi microcomputer, portable incubators can effectively
regulate essential parameters like temperature, humidity, and oxygen levels, ensuring that vulnerable newborns
receive the care they need even in the most challenging circumstances. One of the key features of portable
incubators is their ability to create a stable microenvironment, similar to that of traditional incubators, but in a
more accessible and user-friendly format. This is particularly important in rural areas where access to healthcare
facilities may be limited, allowing healthcare workers to provide immediate support to infants during transport
or in community settings.

Cost-effectiveness is another pivotal advantage of portable incubators. Traditional incubators are often
prohibitively expensive, making them inaccessible for many healthcare facilities in underserved areas. By
utilizing affordable components like the Raspberry Pi, these portable solutions can be produced at a fraction of
the cost, democratizing access to essential neonatal care. This affordability allows healthcare organizations to
allocate resources more efficiently and prioritize investments in the technologies that can have the most
significant impact on patient outcomes.

Finally, the impact of portable incubators extends beyond immediate neonatal care. By raising awareness about
the challenges faced by vulnerable infants in low-resource settings, this project encourages innovation and
investment in healthcare technologies that prioritize accessibility. The goal is to not only save lives but also to
improve the overall quality of neonatal care in underserved regions, empowering healthcare workers and
families alike. In summary, portable incubators embody a transformative approach to neonatal care, addressing
critical gaps in access and quality while leveraging modern technology to improve outcomes for the most
vulnerable infants.
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DESIGN APPROACHES

A system designed with the embedding of hardware and software together for a specific function with a larger
area is embedded system design. In embedded system design, a microcontroller plays a vital role. Micro-
controller is based on Harvard architecture; it is an important component of an embedded system. External
processor, internal memory and i/0 components are interfaced with the microcontroller. It occupies less area,
less power consumption. The applications of microcontrollers are MP3, washing machines. Critical Embedded
Systems (CES) are systems in which failures are potentially catastrophic and, therefore, hard constraints are
imposed on them

Steps in the Embedded System Design Process
The different steps in the embedded system design flow/flow diagram include the following.

Abstraction
In this stage the problem related to the system is abstracted.

Hardware — Software Architecture
Proper knowledge of hardware and software to be known before starting any design process

Extra Functional Properties
Extra functions to be implemented are to be understood completely from the main design.

System Related Family of Design
When designing a system, one should refer to a previous system-related family of design.

Modular Design
Separate module designs must be made so that they can be used later on when required.
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WORKING

The Portable Baby Incubator is a cutting-edge, self-regulating neonatal care system designed to provide a
stable, controlled environment for newborns, particularly in remote or low-resource areas where healthcare
infrastructure is limited. The core function of the incubator is to create an optimal environment for the
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infant by continuously regulating and monitoring critical parameters such as temperature, humidity, heart
rate, and oxygen saturation levels (SpO2). This is achieved through the integration of advanced
technologies, including a Raspberry Pi Pico microcontroller, various sensors, actuators, and wireless
connectivity modules. In this system, the infant's safety and health are prioritized, while also allowing
caregivers or medical professionals to monitor and intervene remotely if necessary.

At the heart of the Portable Baby Incubator is the Raspberry Pi Pico, which serves as the central controller
of the system. This microcontroller is responsible for processing the data received from various sensors and
actuators, ensuring the system operate autonomously and within safe parameters.

It processes input from the DHT11 sensor (used for temperature and humidity monitoring), the MAX30100
sensor (used for monitoring heart rate and oxygen saturation), and communicates with the ESP32 and
ESP8266 modules for remote monitoring and data upload to a cloud-based platform. These modules are
integrated into the system to ensure that it can operate independently while also enabling external
supervision.

The DHTI11 sensor is crucial in maintaining the incubator's environment. It measures both the ambient
temperature and relative humidity, which are vital parameters for the well-being of newborns. The temperature
range of 32°C to 37.5°C is considered optimal for neonates, and the DHT11 sensor ensures that this range is
consistently maintained. The sensor provides real-time data to the Raspberry Pi Pico, which continuously
evaluates the temperature and humidity levels.

The DHT11 sensor is designed with a temperature measurement range of -40°C to 80°C and offers a relative
humidity range of 0% to 100%. This sensor has a relatively high accuracy with a tolerance of +0.5°C for
temperature and £2-5% for humidity. The Raspberry Pi Pico uses the readings from the DHT11 to regulate the
incubator's internal environment. If the temperature falls below the threshold of 32°C, a heater is activated to
warm the incubator. Conversely, if the temperature exceeds the upper limit of 37.5°C, the 46.

system triggers an exhaust fan to cool the incubator down. By constantly adjusting these components, the
incubator ensures that the baby is always kept within a safe thermal environment, crucial for proper growth and
development.

Humidity is equally important in the neonatal care process. Newborns, particularly preterm infants, have an
underdeveloped skin barrier, making them vulnerable to dehydration and heat loss. The DHT11 sensor tracks
humidity levels, ensuring the incubator remains within an acceptable range, usually between 40% to 60%
relative humidity. If the humidity falls outside of this range, it could lead to excessive evaporation of moisture
from the baby’s skin, which could result in dehydration or discomfort. In such cases, the system may activate a
humidifier or a dehumidifier depending on the situation. By keeping humidity levels within this range, the
incubator helps ensure the baby’s skin remains hydrated and protected.

Another vital aspect of the incubator’s function is the continuous monitoring of the infant’s heart rate and
oxygen saturation levels (SpO2). For this purpose, the MAX30100 sensor is integrated into the system. This
sensor uses photoplethysmography (PPG) to measure changes in blood volume by emitting light into the skin
and analyzing how much of the light is reflected back. This process allows the sensor to detect fluctuations in
blood flow, providing data on the baby’s heart rate and blood oxygen levels.

The MAX30100 sensor is particularly effective in neonatal care because it is non-invasive and can be used to
monitor the baby’s health continuously. The sensor sends real-time data to the Raspberry Pi Pico, which
processes the information to calculate the infant's heart rate and SpO2 levels. These readings are displayed on a
small screen for caregivers to monitor directly or uploaded to the cloud for remote supervision. Abnormalities,
such as a heart rate outside the normal range or a drop in SpO2 levels, are promptly detected by the Raspberry
Pi Pico, which triggers an alarm or buzzer to alert the caregivers. This immediate notification ensures that
timely intervention can be made to address any health issues.

The heart rate is a critical indicator of a newborn’s overall well-being. In healthy infants, the heart rate typically
ranges from 120 to 160 beats per minute. A heart rate outside of this range could indicate distress or an
underlying health issue. Similarly, oxygen saturation is a key measure of how well the baby’s body is receiving
and using oxygen. A SpO2 level below 90% could be a sign of respiratory distress or other 47 complications.
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The MAX30100 sensor allows caregivers to keep track of these crucial parameters, helping to prevent any life-
threatening conditions from going unnoticed.

The Arduino Uno signals the motor and the dispensing is done accordingly. The system contains five relay
switches, among which four enables the choice to the user to enter up to 4-digit amount and one relay is
used to switch ON and OFF the DC motor. The SUMP unit sucks up the desired fuel and pumps it in the
container tank. The complete proposed system has been depicted in figure C and Circuit Diagram has been
clearly narrated in figure The working of different part of proposed system has been concisely given as
follows. AC SUPPLY: We have used 220V, 50 Hz AC supply from the available source. It is available
everywhere and hence  systemcanbeoperated ateveryplace. ©~ SMPS:  Switch  ModePower
Supplyconverts220V,50 HzACto 12 VDC which isessential for microcontroller and other circuitryofthe
system. RELAY: The RelayModule uses 5 relays intotal. The four relays are used to switch ON the
numeric logic digits. The user gets possibility of entering 4-digit amount. The left out fifth relayis
commanded by ARDUINO UNO. The time and quantity for the dispensing of fuel is calculated bythe
Arduino Uno which in turn gives command to the relay. This relay switches the logic for the DC motorto
turn either ON or OFF. ARDUINO UNO: The Arduino Uno gets the electric pulses from the Voltage
regulator and the four relay give the information about the amount entered. The fifth relay circuit which
controls the AC drive with its DC power commanding signal. KEYPAD ARRAY: The 4*3 type keypad
array is used to enter the amount and is connected with the Arduino Uno as well as relay circuits. RFID
READER: The RC522 RFID reader has a radio transponder that actsas an antenna and ranges 125 KHz to
2.4 GHz that uses electromagnetic fields to identify the signals corresponding to the RFID tag. RFID TAG:
It is scanned by certain frequency specific to individual RFID tag which in turn containsdata that can be
transmitted with the same frequency of RFID Reader. SUMP: It is the suction pump motor that sucks the
calculated fuel from reservoir and pumps it in the vehicle container tank.

RESULT

The Portable Baby Incubator is an innovative medical device designed to provide optimal neonatal care using
advanced technology. The incubator operates with a Raspberry Pi as its central controller, which manages and
regulates environmental conditions essential for an infant’s survival. Unlike traditional incubators that rely on
hospital electricity, this system is designed to function on solar power, making it an excellent solution for low-
resource settings, including rural clinics and mobile healthcare units. Solar energy is captured using
photovoltaic panels and stored in a rechargeable battery, ensuring continuous operation even in off-grid
locations or during power outages. This energy-efficient design makes it a cost-effective and sustainable
alternative to expensive hospital-based incubators.

The incubator continuously monitors vital signs to ensure the well-being of the infant. It uses the MAX30100
sensor to measure heart rate and oxygen saturation (SpO2). This optical sensor detects blood flow changes and
provides real-time health data, enabling quick intervention if any abnormalities occur. In addition, the DHT11
sensor measures the temperature and humidity inside the incubator, maintaining the ideal thermal environment
for the newborn. Premature infants are highly sensitive to temperature fluctuations, so the system ensures that
stable conditions are maintained automatically.

To regulate the temperature, the incubator is equipped with a heater and an exhaust fan, both controlled by
relays. If the temperature drops, the heater is activated to warm the incubator. Conversely, if the temperature
rises beyond safe levels, the exhaust fan expels excess heat to maintain a stable environment. This automated
system ensures that the newborn is neither exposed to hypothermia nor hyperthermia, both of which can pose
serious health risks.

In addition to temperature control, the incubator also manages humidity levels, which play a crucial role in
neonatal care. A UV lamp is used to regulate humidity, ensuring that the air inside the incubator remains at
optimal moisture levels. This also helps with sterilization, reducing the risk of infections, which are common in
premature infants. The combination of precise temperature and humidity control ensures that the incubator
provides a safe and protective environment for the baby
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The incubator allows for both local and remote monitoring. Locally, an LCD screen displays real-time data,
including temperature, humidity, heart rate, and oxygen saturation. This enables healthcare professionals to
continuously monitor the infant's condition. Additionally, for remote monitoring, the ESP32 module streams
live data to medical staff, allowing doctors and caregivers to access the information from any location.
Furthermore, the ESP8266 Wi-Fi module uploads collected data to ThingSpeak, an IoT-based cloud platform,
where healthcare providers can analyze trends, receive alerts, and make informed medical decisions

By integrating automation, loT, and renewable energy, the Portable Baby Incubator provides continuous
neonatal care with minimal human intervention. Its affordable, portable, and smart design makes it a lifesaving
solution, particularly in regions lacking access to advanced neonatal facilities. The combination of real-time
monitoring, remote access, and automated control ensures that premature infants receive the best possible care,
reducing neonatal mortality rates and improving global healthcare accessibility.

Portable Baby Incubator Top Portable Baby Incubator Inside

APPLICATIONS

» Space-limited hospitals: Provides a compact alternative for hospitals with constrained neonatal unit
capacity.

» Medical education and training: Helps students and professionals gain hands-on experience in neonatal
care.

> Refugee camps and war zones: Ensures the survival of infants in unstable, displaced populations.

» Paramedic units handling premature births: Ensures infants receive immediate care before reaching a
hospital.

» Backup incubators for power failures: Acts as an emergency alternative during electricity outages in
hospitals.

» Healthcare start-ups: Encourages innovation in affordable and accessible neonatal healthcare solutions.
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