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Abstract- Child safety, especially for children with disabilities,
demands advanced monitoring and rapid emergency response
solutions. This paper introduces an Al-driven wearable safety
system that provides real-time protection through fall
detection, gesture-based SOS activation, unknown person
recognition, emotion detection, and two-way emergency
communication. The device incorporates an MPUG6050 inertial
measurement unit (IMU) for motion tracking and fall
detection, an ESP32-CAM for facial recognition and emotion
analysis, and IMU-based gesture recognition for intuitive,
hands-free SOS triggering. Key functionalities include haptic
feedback for discreet alerts, live video streaming for real-time
oversight, and GPS tracking for accurate location
identification. A GSM module ensures instant alert
transmission, enabling automated SOS messages, live location
updates, and two-way voice communication with parents or
emergency services. The system utilizes multi-sensor data
fusion and Al-powered anomaly detection to differentiate
emergencies from everyday activities, significantly reducing
false alarms. By integrating machine learning-based safety
mechanisms, intelligent communication protocols, and
continuous monitoring, this wearable technology delivers a
proactive and dependable child safety solution, ensuring
constant protection, swift intervention, and enhanced parental
awareness in critical scenarios.

Keywords- Child Safety Wearable, Al-Powered Fall
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I. INTRODUCTION

Child safety remains a paramount concern,
particularly for children with disabilities who face heightened
risks due to communication barriers and mobility limitations.
Traditional child safety solutions, such as GPS trackers and
manual SOS devices, often lack real-time intelligence,
automated emergency detection, and effective communication
mechanisms for parents or caregivers. However, the
integration of artificial intelligence (Al), Internet of Things
(10T), and wearable technology has revolutionized the field,
enabling the development of smart safety solutions that
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leverage machine learning, multi-sensor fusion, and real-time
anomaly detection to provide proactive and adaptive child
protection.

This survey paper examines the latest advancements
in Al-powered wearable safety devices, focusing on key
functionalities such asfall detection, gesture-based SOS
activation, unknownperson recognition, emotion detection,
and two-way emergency communication. The study reviews
critical technologies, including motion-based fall detection
using MPU6B050 sensors, Al-driven facial recognition
via ESP32-CAM, and GSM-based emergency alert systems,
while analyzing their effectiveness, challenges, and
limitations. Furthermore, the research highlights the role
of multi-sensor data fusion and Al-driven anomaly
detection in minimizing false alarms and improving
emergency response efficiency.

The primary objective of this study is to provide a
comprehensive review of current child safety wearables,
identify research gaps, and propose future directions for Al-
driven child safety solutions. By integrating machine
learning, sensor fusion, and real-time emergency response
mechanisms, wearable safety technology has the potential to
significantly enhance child security, parental awareness, and
rapid intervention in critical situations.

A. Core Themes of This Survey
The paper is structured around four core themes:

e Machine Learning & Al: Exploration of deep
learning, ensemble learning, and anomaly
detection for child safety.

e Emergency Communication: Implementation of
GSM, GPS, and loT-based alert systems with live
tracking and two-way communication.

e Multi-Sensor Fusion: Integration of motion
sensors, facial recognition, and environmental
monitoring for real-time risk assessment.
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e Challenges & Future Scope: Addressing battery
life, scalability, and adaptability while exploring
advanced Al and optimized sensor integration.

By consolidating existing knowledge and proposing
innovative solutions, this research aims to bridge the gap
between  theoretical advancements  and practical
implementations. The integration of machine
learning, sensor fusion, and real-time communication not
only enhances child safety but also empowers parents and
caregivers with actionable insights and rapid response
capabilities. This study sets the foundation for future
advancements in wearable safety technology, paving the way
for more inclusive, intelligent, and reliable child protection
systems.
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Fig. 1:Al-Powered Child Safety Wearable System Workflow
I1. REVIEW OF EXISTING RESEARCH PAPERS

The field of child safety monitoring and wearable
technology has seen significant advancements through the
integration of Artificial Intelligence (Al), the Internet of
Things (loT), and multi-sensor fusion techniques. Several
studies have explored the use of machine learning (ML)
algorithms, such as Convolutional Neural Networks (CNNSs),
Support Vector Machines (SVMs), and Random Forest (RF),
for fall detection, anomaly recognition, and emergency
response optimization.

For instance, Lahare Nirag (2023)[1] introduced an
loT-Based Child Safety Monitoring Device, integrating GPS
and GSM for real-time child tracking. The system
demonstrated effectiveness in missing child detection by
sending automated emergency alerts to parents and authorities.
The use of loT-based monitoring further enhances child
security by enabling continuous tracking.
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Similarly, Ch. Vandana (2023) [6] proposed a Smart

Wearable Device for Safety Monitoring Using 10T, designed
to ensure student safety through real-time location tracking,
vital sign monitoring, and emergency alerts. The system
leverages NodeMCU with GSM, GPS, and Firebase for data
storage, allowing continuous tracking and remote monitoring
via a mobile application. An SOS button and buzzer alarm
enhance emergency response by enabling immediate alerts.
In the domain of wearable safety technology for women,N.
Manasa (2024) [5] introduced a Smart Wrist Band for
Women Safety Using loT, integrating ESP8266 NodeMCU,
Arduino Uno, GSM, and GPS for real-time monitoring. The
device tracks heart rate and body temperature and
automatically triggers emergency alerts with location details.
Cloud integration enables remote data access, ensuring
proactive security measures.In the broader field of wearable-
based child safety systems, Al-Driven Fall Detection and SOS
Alerts proposed a multi-sensor wearable that integrates
accelerometers, gyroscopes, and biometric sensors to detect
sudden falls and send automated emergency alerts. The study
demonstrated that SVM outperformed traditional threshold-
based detection methods, achieving over 95% accuracy in
identifying actual falls while minimizing false positives.
Another study,

Intelligent Wearable Safety Devices for Children,
compared gesture-based SOS activation, emotion analysis
using CNNs, and GPS-based tracking, with multi-modal Al
integration achieving the highest accuracy (98%) in detecting
distress situations.

A. Comparison of Past Methodologies

Existing methodologies for child safety monitoring
and emergency response systems can be broadly categorized
into:

e Traditional Wearable Trackers — Basic GPS and
GSM-based devices provide location tracking but
lack real-time Al-powered anomaly detection.

e Threshold-Based Fall Detection Models -
Conventional accelerometer-based fall detection
systems rely on fixed threshold values, often
leading to high false alarm rates.

e Machine Learning-Based Wearable Systems — Al-
driven approaches, such as CNNs and RF models,
have demonstrated superior performance in multi-
sensor data integration and anomaly classification.

For example, the Smart Safety Wearables for
Children study utilized motion sensors and biometric
monitoring to develop a real-time distress detection system,
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while the Al-Powered Child Safety Monitoring study applied
deep learning models to analyze abnormal movements and
gestures in children. ML models, particularly CNNs and RF,
have been widely adopted for their ability to process real-time
data from multiple sensors, including video feeds,
accelerometers, and voice recognition modules.

The study Al-Based Emergency Response Systems
for Wearable Devices compared Random Forest and Bayesian
Networks for real-time emergency detection, with RF
achieving higher accuracy (AUC = 0.92). Similarly, the
Emotion Recognition in Wearable Child Safety Systems study
employed deep learning-based facial recognition models to
assess emotional distress signals in children, highlighting the
importance of multi-sensor data fusion for comprehensive
child protection.

1. STRENGTHS AND WEAKNESSES OF EXISTING
APPROACHES

A. Strengths

e Machine Learning Models (RF, CNNs, SVMs):
These models are highly effective in processing
real-time sensor data, including motion analysis,
biometric monitoring, and anomaly detection.

e RF is robust against overfitting and excels in
multi-sensor fusion for emergency detection.

e CNNs are widely used for facial recognition and
gesture-based SOS activation, enhancing child
safety monitoring.

e SVMs provide high accuracy in fall detection and
distress recognition, outperforming threshold-
based methods.

e |oT-Based Safety Monitoring: The integration of
GPS, GSM, and cloud-based tracking enhances
real-time location monitoring. Wearable safety
devices equipped with SOS buttons, vibration
alerts, and automated emergency response systems
improve reaction time in critical situations.

e Multi-Sensor Data Fusion: Al-powered safety
wearables leverage motion sensors, heart rate
monitors, and gyroscopes to enhance anomaly
detection and emergency response. This hybrid
approach reduces false alarms while ensuring
reliable distress detection.

B. Traditional Machine Learning Approaches

Traditional machine learning (ML) algorithms have
been extensively applied in wearable safety technology due to
their scalability and ability to handle structured sensor data.
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e Random Forest (RF): An ensemble learning
method that combines multiple decision trees to
enhance classification accuracy and minimize false
positives in emergency alert systems.

e Support Vector Machines (SVMs): Used in fall
detection wearables, SVMs effectively separate
normal vs. anomalous movements in high-
dimensional datasets.

e Convolutional Neural Networks (CNNs): Applied
in facial recognition and emotion-based distress
analysis, CNNs process real-time camera feeds for
unknown person detection and child safety
enhancements.

Despite their advantages, traditional ML models face
several challenges:

e They require extensive manual feature engineering
for motion-based anomaly classification.

e Overfitting remains a concern if hyperparameters
are not properly optimized.

e Traditional models lack context-awareness,
making them less effective in multi-sensor Al-
driven monitoring systems.

Nevertheless, these models have been successfully
integrated with loT-based tracking, enabling efficient
emergency detection, location tracking, and distress alert
activation in child and personal safety applications.

IV. EXISTING SYSTEM

Current child safety systems integrate technologies
such as GPS, GSM, and Bluetooth for location tracking and
communication. While these solutions offer fundamental
tracking capabilities, they exhibit several limitations that
impact their effectiveness in real-world scenarios.

e Limited Connectivity: Bluetooth-based tracking
systems are constrained by short-range coverage,
making them ineffective in large outdoor
environments.

e Manual Emergency Activation: Many existing
devices require manual SOS triggering, which
poses a significant risk if the child is incapacitated
or unable to activate the alert in real time.

e Delayed Alert Transmission: Inefficiencies in data
transmission often result in delays, reducing the
effectiveness of emergency response mechanisms.

e Security  Vulnerabilities:  Weak  encryption
protocols in some systems expose sensitive
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location data to potential interception and misuse,
compromising the child’s safety.

e Battery Constraints: Continuous GPS tracking
significantly impacts battery life, leading to
frequent power depletion and reducing the
reliability of these devices in critical situations.

These limitations highlight the need for more
advanced, Al-driven child safety solutions that enhance
connectivity, automate emergency response, strengthen
security, and optimize power efficiency.

V. PROPOSED SYSTEM
Al-Powered Emergency Detection

The system integrates Al-powered voice detection to
recognize distress sounds or predefined SOS keywords,
ensuring automatic emergency response even if the child
cannot manually trigger an alert. Additionally, it features
gesture-based SOS activation, allowing specific hand gestures
to initiate emergency signals, making it particularly useful for
physically challenged individuals.

Motion Analysis for Threat Detection

Advanced motion analysis detects unusual activities
such as sudden falls or panic-induced movements,
automatically triggering alerts. This ensures rapid response in
case of emergencies, enhancing child safety in various
situations.

GPS and GSM Tracking for Real-Time Monitoring

With built-in GPS and GSM tracking, the device
provides real-time location monitoring and geofencing
capabilities. Parents receive immediate alerts if their child
moves beyond predefined safe zones, ensuring continuous
safety supervision.

Vibration Alerts and Live Streaming

The device includes vibration feedback for deaf or
mute individuals, ensuring they receive emergency
notifications. Additionally, a live video streaming feature
enables real-time visibility, allowing parents or guardians to
monitor critical situations as they unfold.

Offline SOS via GSM Connectivity

The system supports emergency communication even
in areas with limited network coverage through its GSM
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module, ensuring that alerts can be sent regardless of internet
availability.

Optimized Al for Low Power Consumption

Al algorithms are optimized for minimal power consumption,
extending battery life while

maintaining reliable performance, making the device ideal for
continuous use.

Hardware Components:

ESP32-S3 Mini — Acts as the main microcontroller, managing
Al processing, communication, and sensor data processing.

MPUG6050 Sensor — Detects motion patterns and sudden falls
for automated threat detection

MAX30102 — Monitors heart rate and oxygen levels to detect
stress or unconsciousness.

0.96" OLED Display — Displays live status updates, battery
level, and emergency alerts.
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A9G GSM GPRS Module — Enables real-time SMS alerts
and communication without Wi-Fi.

Vibr ation
v @
LA

GPS Module — Provides accurate location tracking and
geofencing alerts.

Vibration Motor Module — Offers silent alerts for individuals
with hearing impairments.

ESP32-CAM - Captures live video, detects unknown persons,
and analyzes facial expressions for distress detection.
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VI. KEY TECHNOLOGY IN IOT-BASED CHILD
SAFETY DEVICES

GPS and GSM Integration

GPS modules enable real-time location tracking,
offering precise positioning in both indoor and outdoor
environments. GSM modules facilitate communication by
sending emergency alerts, SMS notifications, and triggering
calls to predefined contacts or authorities.

Sensor Integration

Common sensors include heart rate monitors,
temperature sensors, accelerometers, and humidity detectors
for tracking health parameters and environmental changes.
Advanced systems use biometric sensors to detect abnormal
patterns such as increased heart rate, panic-induced motion, or
unexpected voice anomalies.

Emergency Alert Systems

Devices implement SOS buttons, automated calls
toparents/police stations, and sound alarms to alert bystanders
in critical situations.Some systems utilize live streaming and
message broadcasting features for immediate visibility of
emergency events.

Machine Learning and Al

Predictive algorithms analyze behavioral patterns,
improving the detection of abnormal activities and enhancing
response efficiency.Al-based voice anomaly detection
identifies distress signals or unfamiliar voices for improved
threat identification.

VII. DISCUSSION
While loT-based child safety devices have introduced
significant advancements, there are still some notable

challenges. False alarms remain a concern with Al-based
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detection systems requiring improved accuracy to distinguish
between genuine emergencies and false positives. Power
consumption is another challenge, as GPS tracking, live
streaming, and constant sensor monitoring can deplete battery
life quickly. Moreover, ensuring secure data transmission to
prevent hacking or unauthorized access remains Crucial
devices must also strike a balance between functionality and
comfort, especially for children and individuals with
disabilities. Addressing these concerns is essential to improve
the reliability and acceptance of these devices.

VIIl. FUTURE WORK

Future research should focus on enhancing Al
algorithms to improve anomaly detection and reduce false
alerts. Developing energy-efficient hardware and optimized
data transmission protocols will be crucial in extending battery
life. Additionally, integrating I0T devices directly with
emergency services can improve response times. Future
solutions should also explore the development of flexible,
compact, and ergonomic designs for enhanced comfort and
usability. Cloud-based data management systems will play a
key role in storing and analyzing real-time data to improve
monitoring and response efficiency. Expanding support for
multilingual voice detection and enhanced accessibility
features will ensure inclusivity for a wider range of users.

IX. CONCLUSION

loT-based child safety devices offer a promising
solution for enhancing security and protection in diverse
environments by integrating advanced sensors, real-time
communication modules, and Al-driven analytics. These
devices provide effective preventive measures and responsive
solutions. Future advancements should focus on improving
data security, user comfort, and expanding integration
capabilities for smarter,safercommunities.
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