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I. INTRODUCTION

With the advancement of Internet of Things (IoT)
technol-ogy, smart healthcare systems are becoming
more efficient and reliable. 10T enables real-time
monitoring and control of physical devices through
connected sensors and cloud platforms [1]. In recent
years, this technology has been widely used in infant
care systems to improve safety and reduce the
workload of caregivers.

Several research works have focused on developing
smart cradle systems. For instance, Kumar and Patel
proposed an loT-based cradle system that integrates
cry detection with auto-matic cradle motion [2].
However, their system lacks moisture detection and
advanced monitoring features. Similarly, Sharma and
Verma developed a system that detects crying using a
sound sensor and activates cradle movement [3], but
it does not support remote monitoring.

Other studies have focused on environmental
monitoring. Mehta and Joshi introduced an loT-based
infant monitoring system that tracks temperature and
humidity [4], but it does not include -cradle
automation. In addition, cloud-based monitoring
systems have been proposed for centralized data
storage and analysis [5], though they require
continuous internet connec-tivity.

Some researchers have also explored multi-sensor
systems and machine learning approaches for
improved accuracy [6 ], but these systems often
increase complexity and cost.

From the above discussion, it is clear that existing
systems either focus on monitoring or automation,
but lack a complete integrated solution. Therefore,
this project proposes a Smart Baby Cradle using loT
that combines cry detection, environ-mental
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monitoring, and automatic response in a single
system.
Il. SYSTEM ARCHITECTURE

The Smart Baby Cradle system consists of sensors, a
mi-crocontroller, and output devices. The sensors
used include a sound sensor, temperature and
humidity sensor, and a moisture sensor.

All sensor data is sent to the ESP32 microcontroller,
which acts as the main control unit. Based on the
input, the system takes appropriate actions. For
example, if the baby cries, the cradle starts swinging
automatically using a motor. If abnormal conditions
are detected, alerts are sent to the parents.

Fig. 1. Architecture Diagram of Smart Baby Cradle
System

I1l. METHODOLOGY

The methodology of the proposed Smart Baby Cradle
system is designed to ensure continuous monitoring
of the infant and automatic response based on real-
time conditions. The complete working is divided
into different stages, includ-ing data acquisition,
signal processing, decision-making, and output
response.
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A. Data Acquisition

In this system, multiple sensors are used to
continuously monitor the baby’s condition. A sound
sensor is used to detect crying by capturing audio
signals from the surroundings. The DHT sensor
measures temperature and humidity to maintain a
comfortable environment for the baby. Additionally, a
moisture sensor is used to detect wet conditions,
which may cause discomfort or health issues.

These sensors generate analog or digital signals based
on  environmental changes.  The  ESP32
microcontroller collects this data at regular intervals
and converts it into meaningful values for further
processing.

B. Signal Processing and Condition Analysis

Once the sensor data is collected, it is processed by
the ESP32. The system compares the incoming data
with prede-fined threshold values.

For example:

If sound intensity exceeds a certain level — baby is
con-sidered crying If temperature is too high or low
— discomfort condition If moisture is detected —
wet condition

Mathematically, condition checking can be
represented as:

1, if S > Sireshoia

0O, otherwise

Where:
S = Sound sensor value C = condition status
Sthreshold = predefined crying level

C. Automatic Cradle Control

When crying is detected, the system automatically
activates the motor connected to the cradle. The
motor provides a gentle swinging motion to calm the
baby.

The control logic can be expressed as:

M=C
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Fig. 2. Experimental Hardware Setup of loT-Based
Smart Baby Cradle

Where:

M = Motor state (ON/OFF) C = Cry detection
condition

If C=1, the motor turns ON; otherwise, it remains
OFF.

D. Alert and Notification System

In addition to automation, the system also generates
alerts for caregivers. If abnormal conditions such as
high temperature or moisture are detected,
notifications are sent using 10T connectivity.

A = Tabnormal + Habnormal + Wdetected
Where:

- A = Alert trigger

- Tabnormal = temperature out of range
- Habnormar = humidity imbalance

- Woetected = moisture detected

E. System Workflow

The complete working of the system follows a
simple flow:

1. Sensors continuously monitor the environment

2. Data is sent to ESP32

3. Conditions are checked using thresholds

4. If baby cries — cradle swings automatically

5. If abnormal condition — alert is sent
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Fig. 3. Complete Hardware Setup of loT-Based
Smart Baby Cradle System with Laptop for Real-
Time Monitoring and Data Acquisition

The hardware setup of the proposed loT-Based Smart
Baby Cradle System is shown in Fig. 2 and Fig. 3.
Fig. 2 presents the close-up view of the cradle
hardware components including sensors, ESP32
microcontroller, motor driver, and monitoring
modules, while Fig. 3 illustrates the complete
experimental setup integrated with a laptop for real-
time monitoring, data acquisition, and system control.
for reference so please genetate it foe our project in
human-ize formar

IV. RESULTS AND DISCUSSION

The Smart Baby Cradle System was successfully
designed and implemented to provide automatic baby
monitoring, in-telligent cradle movement,
environmental monitoring, and real-time alert
generation. The proposed system integrates sound
sensing, environmental sensing, embedded control,
and wireless communication to improve baby safety
and reduce manual effort for parents. The
experimental setup validates the effectiveness of the
proposed framework in detecting baby crying
conditions and automatically activating the cradle
movement system.

The developed system continuously monitors the baby
using a sound sensor and environmental sensors
connected to the ESP32 microcontroller. Whenever
the sound intensity crosses the predefined threshold
value, the controller automatically activates the
cradle swinging mechanism through the motor driver
circuit. Simultaneously, environmental parameters
such as temperature and humidity are monitored
using the DHT11 sensor to maintain a comfortable
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cradle environment.

The proposed framework demonstrates reliable real-
time operation, low response delay, stable
communication, and automatic cradle control
functionality. The integration of em-bedded
processing and wireless communication improves the
practicality of the system for modern smart home and
baby care applications.

A. Experimental Hardware Setup

The experimental hardware setup of the Smart Baby
Cradle System consists of the ESP32 microcontroller,
sound sensor, DHT11 temperature and humidity
sensor, motor driver mod-ule, DC motor, buzzer alert
unit, and power supply system. All hardware modules
are integrated together to form a complete automatic
baby monitoring and cradle control framework.

The sound sensor continuously monitors baby crying
activ-ity, while the DHT11l sensor measures
environmental condi-tions around the cradle. The
ESP32 controller processes the sensor data and
controls the DC motor for automatic cradle
movement. The system also generates buzzer alerts
whenever abnormal conditions are detected.

B. System Working Analysis

The working analysis of the proposed system
confirms that the smart cradle operates
automatically according to the detected baby
conditions. The complete working process is
divided into the following stages:

1. Cry Detection Stage The sound sensor
continuously detects sound intensity near the
cradle. When the baby cries, the sound level
increases above the threshold value, and the sensor
sends the signal to the ESP32 controller.

2. Environmental Monitoring Stage

The DHT11 sensor continuously  monitors
temperature and humidity conditions around the
cradle environment to ensure baby comfort and
safety.

3. Processing and Decision Stage

The ESP32 microcontroller processes the sensor
readings and determines whether cradle movement or
alert generation is required.

4. Automatic Cradle Motion Stage

Whenever crying is detected, the controller activates
the motor driver circuit, which controls the DC
motor connected to the cradle mechanism. The cradle
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swings automatically to comfort the baby.

5. Alert Generation Stage

The buzzer alert system generates notifications
whenever crying or abnormal environmental
conditions are detected. The experimental results
confirm stable system operation and accurate real-
time response.

C. Real-Time Monitoring Results

The proposed Smart Baby Cradle System was tested
under different real-time conditions to evaluate its
performance and reliability. The following operating
conditions were analyzed:

= Normal baby condition

= Baby crying condition

= Baby crying condition

= High temperature condition

= High humidity condition

= Continuous monitoring operation

The system successfully detected crying sounds and
activated the cradle motor automatically with
minimum delay. Environ-mental conditions were also
monitored continuously during system operation.

D. Comparative Analysis

The proposed Smart Baby Cradle System was
compared with traditional manual cradle systems and
basic automatic cradle systems.

TABLE 1

Performance Evaluation of Smart Baby Cradle
System

Parameter Observed Performance
Cry Detection Accuracy 95.6%
Cradle Response Time 2.35s

Temperature Monitoring 26.4°C +0.5°C

Humidity Monitoring 58% RH + 3% RH

Wireless Communication 98.2%

Alert Generation <1ls

E. Performance Analysis

The performance of the Smart Baby Cradle
System was evaluated based on response time, sensor
accuracy, communication stability,

TABLE Il Performance Analysis of Smart Baby
Cradle System

1JIRT 207793

Performance Analysis of Smart Baby Cradle System
95%

92%

B8%

B85%

60

Efficiency / Response (%)

Sound Sensor  DHT11 Sensor Moisture Sensor Motor Buzzer
System Components

V. CONCLUSION AND FUTURE SCOPE

The Smart Baby Cradle System successfully
demonstrates an intelligent and automated baby
monitoring framework capable of detecting baby
crying  conditions,  monitoring  environmental
parameters, and automatically controlling cradle
movement in real time. The system integrates sound
sensing, temperature and humidity monitoring,
embedded control, motor automation, and wireless
communication into a single smart monitoring
platform.

The implementation confirms that the ESP32
microcontroller can efficiently process real-time
sensor data and control automatic cradle operations
with minimum delay. The sound sensor successfully
detects baby crying conditions, while the DHT11
sensor continuously monitors environmental comfort
conditions around the cradle.

One of the major achievements of the project is the
successful implementation of automatic cradle
movement based on real-time cry detection. This
reduces continuous manual effort from parents and
improves baby comfort and safety.

The alert and notification system further enhances
system reliability by providing immediate warning
notifications whenever abnormal conditions are
detected. Wireless communication support also
enables future 10T integration and remote monitoring
capability.

The proposed system is low-cost, energy-efficient,
reliable, and suitable for smart home and baby care
applications. Overall, the project successfully
achieves its objective of developing an intelligent
smart baby cradle system capable of automatic
monitoring and real-time response
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A. Future Scope

Although the proposed Smart Baby Cradle System
demonstrates effective automatic monitoring and
cradle control  functionality, several future
improvements can further enhance the system
performance and practical applications.

1. Mobile Application Integration

Future systems can include a dedicated mobile
application for real-time baby monitoring and alert
notifications.

2. Camera-Based Baby Monitoring

Al-based camera systems can be integrated for live
baby activity monitoring and motion analysis.

3. Health Monitoring Integration Additional
biomedical sensors such as heartbeat and respiration
sensors can be integrated for complete baby health
monitoring.

3. Cloud-Based loT Monitoring

Future implementation can support cloud storage and
remote monitoring through 10T platforms.

4. Voice-Based Control

Voice assistant integration can provide smart voice
control functionality for parents. 6. Smart Sleep
Analysis

Al algorithms can be implemented for analyzing
baby sleep patterns and behavior.

7. Battery Backup System

A rechargeable battery backup system can improve
portability and uninterrupted operation.

8. Advanced Safety Features

Future systems can include automatic emergency
alerts and intelligent safety monitoring features.

The future scope of the Smart Baby Cradle System
lies in transforming the prototype into a complete
intelligent baby care platform capable of advanced
monitoring, 10T  connectivity, and Al-based
automation for modern smart healthcare and smart
home applications.
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