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Abstract:

Infants are highly sensitive to variations in environmental temperature and require continuous 
monitoring  to  maintain  a  safe  and  comfortable  thermal  environment.  Conventional  baby 
monitoring methods largely depend on manual supervision, which may not provide continuous 
monitoring  or  immediate  response  to  abnormal  conditions  The  proposed  system employs  a 
temperature sensor interfaced with an ESP32/ESP8266 microcontroller to continuously acquire 
ambient temperature data. The measured parameters are processed and transmitted through Wi-Fi 
to an IoT platform, where they can be monitored remotely using a web or mobile-based interface. 
A predefined temperature range is established, and the system automatically controls a cooling fan 
or heating element whenever the measured temperature exceeds or falls below the specified limits. 
In  addition,  the  system  can  generate  real-time  alerts  to  notify  caregivers  about  abnormal 
temperature conditions. To provide comprehensive infant monitoring, the proposed framework can 
be extended with diaper wetness detection, baby cry detection with automatic cradle swinging, and 
live  video surveillance  using  an  ESP32-CAM. The  collected  sensor  data  can  be  stored  and 
visualized  through  the  IoT  platform,  enabling  continuous  observation  and  analysis  of 
environmental conditions. monitoring compared with conventional manual methods. 

Keyword:  Internet of Things (IoT), Smart Baby Monitoring, Infant Healthcare, Temperature 
Monitoring,  Automatic  Temperature  Control,  ESP32,  ESP8266,  ESP32-CAM,  Remote 
Monitoring, 
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IoT Cloud, Smart Cradle.  

1. INTRODUCTION

The rapid development of the Internet of Things (IoT) has enabled the integration of sensors, 
microcontrollers, wireless communication, cloud platforms, and intelligent control systems for 
real-time healthcare applications. Infant monitoring is an important area where IoT technology can 
improve  safety  and  caregiver  convenience.  Newborn  babies  are  particularly  sensitive  to 
environmental temperature variations because their thermoregulatory mechanisms are not fully 
developed. Therefore, maintaining a suitable and stable temperature around the baby is essential 
for ensuring comfort and reducing the risk associated with excessive heat or cold. Such monitoring 
may be difficult when caregivers are sleeping, working, or away from the baby. Existing electronic 
monitoring systems can provide temperature readings and alerts, but many systems primarily focus 
on  detecting  abnormal  conditions  rather  than  automatically  correcting  them.  This  research 
proposes an IoT-Based Smart Baby Temperature Maintaining and Monitoring System using a 
temperature sensor, ESP32/ESP8266 microcontroller, Wi-Fi connectivity, and automatic heating 
and cooling mechanisms. The sensor continuously measures the ambient temperature and sends the 
readings to the microcontroller for processing. The measured value is compared with predefined 
temperature limits. If the temperature rises above the specified range, a cooling fan is automatically 
activated, whereas a heating device is activated when the temperature falls below the required 
range. Once the temperature returns to the desired range, the corresponding control device is 
automatically switched off.  The system also provides remote monitoring and real-time alerts 
through an IoT platform. Temperature readings and system status can be displayed on a web or 
mobile dashboard, allowing caregivers to monitor the baby's environment from a remote location. 
Abnormal temperature conditions can generate immediate notifications, enabling caregivers to 
take appropriate action when necessary. The collected data can also be stored for monitoring 
temperature variations and evaluating system performance. To provide more comprehensive infant 
care, the proposed framework can be extended with additional features such as diaper wetness 
detection, baby cry detection with automatic cradle swinging, and live video monitoring using an 
ESP32-CAM. These features can improve the overall functionality of the system by combining 
environmental monitoring, automated response, and remote visual observation. The proposed IoT-
based approach is designed to be low-cost, scalable, and suitable for smart-home and infant-care 
applications. Overall, the system demonstrates the potential of IoT and embedded technologies to 
provide continuous, automated, and remote infant. 

2. LITERATURE SURVEY

M. E. Akbiyik et al. (2020) [1]: Developed “ThermoCam: Smart Baby Monitoring Assistant” using 
thermal imaging, RGB cameras, IoT communication, and environmental sensors. The system 
monitored infant body temperature, room temperature, humidity, and noise and provided real-time 
alerts  to  caregivers.  This  work  demonstrates  the  importance  of  combining  visual  and 
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environmental monitoring for infant safety.

W. Shalannanda et al. (2020)[2]: Proposed an IoT-Based Infant Incubator Monitoring System 
using  Arduino  technology.  The  system  monitored  temperature,  humidity,  and  physiological 
parameters of newborns and transmitted the collected information through IoT. The research 
provides a foundation for automated environmental monitoring in baby-care systems.

W.  Shalannanda  et  al.  (2020)[3]:  Implemented  a  hardware  module  for  an  IoT-based  infant 
incubator capable of monitoring pulse rate, oxygen saturation, temperature, and humidity. The 
system demonstrated how multiple sensors can be integrated with a microcontroller to provide 
continuous neonatal monitoring and remote access to health-related information.

F. Fahmi et al. (2020)[4]: Developed an IoT-Based Smart Incubator That Listens to the Baby, 
incorporating baby-cry detection with environmental monitoring. The system can identify crying 
conditions and support automatic responses while allowing remote monitoring. This study is 
particularly relevant to the proposed system's baby cry detection and automatic cradle swing 
feature.

D. B. Zimmer et al. (2020)[5]: Presented a study on the Design, Control, and Simulation of a 
Neonatal Incubator, focusing on precise temperature, humidity, and airflow control. The research 
demonstrated the importance of feedback-based environmental control for maintaining suitable 
conditions for newborns.

H. M. Ishtiaq Salahin et al. (2021)[6]: Proposed an IoT-Based Smart Baby Monitoring System with 
Face Recognition. The system combined IoT sensors, camera-based monitoring, face recognition, 
and cloud connectivity to improve infant safety. The study highlights the usefulness of visual 
monitoring along with sensor-based information.

R. M. Abd El-Aziz and A. I. Taloba (2021)[7]: Developed a Real-Time Monitoring and Control of 
Neonatal Incubator Using IoT system. The proposed system monitored temperature, humidity, gas 
leakage, pulse rate, and oxygen levels and transmitted the information to healthcare professionals. 
The research demonstrates the potential of IoT for continuous monitoring and automatic control of 
infant-care environments.

R. Sundarajoo et al. (2022)[8]: Proposed a Remote Baby Surveillance System with RFID and GPS 
Tracking  that  monitored  infant  temperature,  mattress  wetness,  crying,  and  movement  while 
providing location tracking and remote notifications. This work is closely related to the proposed 
system's diaper wetness detection, cry detection, and remote monitoring capabilities.

P. Kumar and S. Singh (2023)[9]: Investigated IoT-based monitoring systems with an emphasis on 
low-power operation and renewable energy integration. The study demonstrated that sensor-based 
monitoring  devices  can  operate  for  extended  periods  using  efficient  power-management 
techniques. This concept can be applied to improve the energy efficiency of smart baby monitoring 
systems.
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Recent IoT-based baby monitoring research (2023–2025)[10]: Several systems have increasingly 
integrated  temperature  sensors,  humidity  sensors,  moisture  sensors,  microphones,  cameras, 
wireless  communication,  and cloud dashboards  to  provide  comprehensive  infant  monitoring. 
These developments indicate a shift from individual sensor monitoring toward integrated smart-
care platforms capable of both monitoring and automatic response.

3. PROPOSED METHODOLOGY

Figure1: Block Diagram of Smart Baby Maintenance and Monitoring System

The IoT-Based Smart Baby Cradle Monitoring System with Live Camera is designed to provide a 
comprehensive  solution  for  infant  safety,  health  monitoring,  and  parental  convenience  by 
integrating embedded systems, Internet of Things (IoT) technology, sensors, automation, and 
wireless  communication.  The  methodology adopted  for  this  project  focuses  on  continuously 
monitoring the baby's condition, automatically responding to abnormal situations, and providing 
real-time  information  to  parents  through  a  web-based  monitoring  system.  The  proposed 
methodology combines multiple sensing devices with intelligent control mechanisms to create an 
affordable and efficient smart baby cradle suitable for homes, hospitals, and daycare centers. 

The  development  methodology  begins  with  identifying  the  major  problems  associated  with 
conventional baby monitoring systems. Traditional cradles require continuous supervision by 
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parents or caregivers and cannot automatically detect conditions such as diaper wetness, excessive 
crying, or uncomfortable room temperature. These limitations may lead to delayed responses, 
discomfort, and health issues for infants. To overcome these challenges, the proposed system 
integrates  multiple  sensors  and  automation  techniques  capable  of  monitoring  various 
environmental and infant-related parameters simultaneously.  

The  system  architecture  consists  of  two  major  processing  units:  the  Arduino  Uno  and  the 
ESP32CAM. The Arduino Uno serves as the primary controller responsible for collecting sensor 
data, processing the inputs, and controlling output devices such as the servo motor and cooling fan. 
The ESP32-CAM independently handles live video streaming over Wi-Fi, allowing parents to 
monitor the baby's activities remotely through a web browser. This separation of processing tasks 
improves system performance and reliability while reducing the workload on the microcontroller. 

The methodology starts with sensor data acquisition. Different sensors are installed on the baby 
cradle to monitor specific parameters continuously. A moisture sensor is placed beneath the baby's 
diaper to detect diaper wetness. A sound sensor is positioned near the cradle to detect the baby's  
crying.  A  DHT11  temperature  and  humidity  sensor  continuously  measures  the  surrounding 
environmental  conditions.  Each sensor generates electrical  signals that  are transmitted to the 
Arduino Uno for processing.  

After acquiring sensor data, the Arduino performs data processing and decision-making. The 
microcontroller  compares  each sensor  reading with  predefined threshold values  stored in  its 
program memory. If the diaper moisture level exceeds the allowable limit, the Arduino identifies  
that the diaper is wet and immediately generates an alert. Similarly, if the sound sensor detects 
crying above the threshold level, the controller interprets the sound as infant crying and activates 
the cradle swinging mechanism. In the case of environmental monitoring, if the room temperature 
exceeds the predefined safe value, the Arduino automatically switches ON the cooling fan through 
a relay module.  

One of the important features of the proposed methodology is automatic cradle swinging. Crying is 
one of the primary methods through which infants express hunger, discomfort, or pain. Immediate 
parental  attention  may  not  always  be  possible  due  to  household  activities  or  professional 
commitments. Therefore, the proposed system uses a servo motor to gently swing the cradle 
whenever  crying  is  detected.  The  swinging  motion  helps  calm  the  baby  naturally  while 
simultaneously notifying the parents through the monitoring website. If the crying continues for an 
extended period, caregivers can observe the baby using the live video feed and take appropriate 
action.  

4. CONCLUSION

The IoT-Based Smart  Baby Maintenance and Monitoring System provides an integrated and 
automated solution for continuous baby care and supervision. The proposed system combines 
temperature and humidity monitoring, diaper wetness detection, baby cry detection, automatic 
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cradle swinging, temperature-based fan control, and ESP32-CAM live video monitoring into a 
single platform.

The ESP32 microcontroller acts as the main processing and control unit. It receives information 
from the connected sensors, processes the readings, and takes appropriate control actions. When 
the  surrounding  temperature  increases  beyond  the  predefined  limit,  the  fan  is  automatically 
activated to maintain a comfortable environment. Similarly, when the acoustic sensor detects baby 
crying, the system can activate the cradle swing for a specified period. The diaper moisture sensor 
helps identify a wet diaper and provides an indication to the caregiver.

The ESP32-CAM provides live visual monitoring, allowing parents or caregivers to observe the 
baby  remotely.  Sensor  readings  and  device  conditions  are  displayed  through  the  IoT  web 
dashboard, including temperature, humidity, diaper status, baby acoustic status, fan status, cradle 
status,  and  live  video.  This  enables  caregivers  to  understand  the  baby's  condition  without 
continuously being physically present near the cradle.

The system also reduces manual effort and response time by providing automatic actions for 
common baby-care requirements. Continuous sensor monitoring helps identify changes in the 
baby's surrounding environment, while alerts and dashboard information assist caregivers in taking 
timely action.

The proposed system demonstrates that IoT and embedded technology can be effectively applied to 
smart baby-care applications. By integrating monitoring, automation, communication, and video 
surveillance, the system provides a convenient and efficient platform for improving baby comfort 
and caregiver awareness.

In future  development,  the system can be enhanced by adding heart-rate  and SpO₂ sensors,  
advanced cry classification using machine learning, mobile notifications, cloud-based data storage, 
sleep monitoring, voice alerts, and AI-based abnormal-condition detection. These improvements 
can  make  the  system  more  intelligent,  reliable,  and  suitable  for  advanced  smart-home  and 
healthcare applications.
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