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Abstract- Child safety is a concern in apartments and gated communities, where children
may move between homes, play areas, parking spaces, and common facilities without
continuous supervision. Conventional methods such as direct parental supervision, security
guards, and CCTV monitoring can provide support, but they may not offer continuous
location awareness or immediate alerts when a child moves outside a permitted area. This
paper proposes a Smart Child Monitoring System that combines Internet of Things
technology, GPS-based tracking, geofencing, emergency alerts, and wearable-status
monitoring to provide an additional layer of safety for children. The proposed system uses
a wearable device to obtain the child’s location and transmit information to a monitoring
application. Parents or authorized security personnel can view the child’s location and
receive alerts when the child enters a predefined danger zone or moves beyond a safe
boundary. An emergency button on the wearable allows the child to generate an alert when
assistance is required. The system also monitors the operational status of the wearable and
communicates events to authorized users. The proposed architecture consists of a wearable
layer, communication layer, monitoring and processing layer, geofencing module,
notification system, and user application. The system is intended to reduce dependence on
manual supervision and support faster awareness of unsafe situations. However, GPS
accuracy, network availability, battery life, indoor positioning, and data privacy remain
challenges. Future improvements can include better indoor positioning, energy-efficient
hardware, secure communication, and intelligent event detection. The system provides a
framework for community child safety and monitoring.
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l. Introduction

Child safety is an important concern in modern residential environments, particularly in
apartments and gated communities where children regularly move between different
common areas. Children may spend time in playgrounds, gardens, corridors, parking areas,
recreational spaces, and other locations within or around the residential premises. Parents
and guardians may not always be able to continuously supervise their children because of
work, household responsibilities, or other daily activities. In large residential communities,
the distance between different areas can also make direct supervision difficult. These
challenges create a need for a technology-assisted monitoring system that can provide
timely information about a child's location and safety status. [1]

Traditional approaches to child safety mainly depend on parental supervision, security
personnel, and closed-circuit television cameras. Direct supervision is effective but cannot
always be maintained continuously. Security personnel generally monitor entrances, exits,
and common areas, but a single security team may not be able to observe every child
throughout the community. Cctv systems provide useful visual surveillance, but they
primarily monitor fixed locations. If a child moves outside the field of view of a camera,
identifying the child's current location may become difficult. In addition, continuously
observing multiple camera feeds requires human attention and may delay the identification
of a safety-related event. These limitations demonstrate the importance of combining
conventional security measures with automated monitoring technologies.

The development of the internet of things, wearable devices, global positioning system
(gps), wireless communication, and mobile applications has created new possibilities for
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improving child monitoring. lot-based systems allow physical devices to collect
information and communicate it to a central platform. Wearable technology can be
particularly useful for child monitoring because the device can remain with the child while
providing information to an authorized monitoring system. A gps-enabled wearable can
periodically obtain geographical coordinates and transmit them to the monitoring platform,
allowing parents or authorized personnel to view the child's latest available location. [2]

The proposed smart child monitoring system focuses on the use of a wearable device
together with a monitoring application to provide an additional layer of safety in apartments
and gated communities. The wearable can be equipped with gps functionality to obtain
location information. The collected information can be transmitted through a suitable
communication network to a server or monitoring platform. The monitoring platform can
then process the location information and make it available to authorized users. This
approach reduces the need for the child to operate a smartphone and allows the monitoring
process to be performed through a dedicated wearable device.

One of the key features of the proposed system is geofencing. Geofencing is a location-
based technique used to create virtual geographical boundaries around predefined physical
areas. In the context of child monitoring, different regions within a residential community
can be categorized according to their intended safety level. Areas such as playgrounds,
gardens, or designated children's zones can be configured as safe zones, while parking areas,
community entrances, construction areas, or other restricted locations can be configured as
danger zones. The system can compare the child's current location with these predefined
boundaries and identify whether the child is within an expected area. [3]

When the child crosses a predefined boundary, the system can automatically generate an
alert. For example, if a child leaves a designated safe zone or enters a restricted area, a
notification can be sent to the parent or authorized security personnel. Automated geofence
monitoring is useful because it reduces the requirement for a parent to continuously check
the child's location manually. Instead, the system can continuously evaluate incoming
location updates and notify the responsible person when a predefined safety condition
occurs.

The system also considers monitoring the status of the wearable device. A band-status or
sensor mechanism can be used to detect conditions such as removal of the wearable or an
unexpected change in its normal operating state. If such an event is detected, the monitoring
system can generate a notification to inform the responsible user that normal monitoring
may have been interrupted. This feature can provide additional awareness in situations
where the wearable is no longer being used as expected. It is intended as a monitoring
function and not as a medical diagnostic mechanism. [4]

The proposed system therefore combines multiple safety mechanisms instead of depending
on a single technology. Gps provides geographical location information, geofencing
evaluates movement in relation to predefined boundaries, the emergency button provides a
direct method for requesting assistance, and wearable-status monitoring provides
information about the availability of the monitoring device. These components can
communicate with a centralized monitoring platform that provides relevant information to
parents and authorized security personnel. [2]

The system can be further extended to address limitations associated with outdoor gps
monitoring. Indoor positioning technologies could be incorporated for areas where gps
signals are weak or unavailable. Additional sensors could also be integrated into the
wearable to provide more information about the child's environment or device status. Future
versions could investigate intelligent methods for identifying unusual movement patterns
and distinguishing genuine safety events from temporary positioning errors.

Overall, the smart child monitoring system provides a technology-assisted framework for
improving child safety in apartments and gated communities. By combining gps-based
location tracking, geofencing, wearable sensing, emergency alerts, and authorized
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monitoring, the system can provide parents and security personnel with timely information
about important safety events. The approach does not attempt to eliminate the need for
human supervision; instead, it provides an additional layer of awareness that can support
parents and residential security teams.

I1. Literature review

The development of internet of things technologies has enabled physical devices equipped
with sensors and communication capabilities to collect, process, and exchange information.
Miorandi et al. Described iot as an approach that connects distributed physical devices with
sensing and communication capabilities, while also highlighting challenges related to
interoperability, security, and large-scale deployment. [1] miorandi et al., “internet of
things: vision, applications and research challenges,” 2012. Gubbi et al. Further discussed
iot architectures in which sensing devices communicate information through network and
cloud-based platforms, creating opportunities for real-time monitoring applications. [2]

Wearable technology has been investigated as a method for improving children’s safety and
well-being. A study on a wearable sensor vest for children proposed a system using gps,
temperature, and accelerometer sensors to collect information about children's location and
condition. The system could generate notifications when a child moved across restricted
areas, demonstrating the potential of combining wearable sensing with location-based
safety mechanisms. .this work is particularly relevant to the proposed system because it
demonstrates how a wearable device can provide both monitoring information and
automated alerts.

Gps-based child tracking has also been explored using different communication
technologies. A 2024 ieee conference study proposed a smart-child tracking system
combining gps and lora technology. The system used a wearable device to transmit location
information and incorporated geofencing to define safe zones and generate alerts when a
child entered or left those zones. The study highlighted the potential benefits of long-range
and lower-power communication for wearable tracking applications. This approach
demonstrates that geofencing can be used as an important component of automated child-
safety monitoring.

Another recent ieee study proposed an edge-fog-cloud-enabled smart iot wearable
architecture for child safety. The architecture included separate child and parent modules,
with the child module incorporating gps and other sensing capabilities and the parent
module providing a smartphone-based interface. The authors identified challenges in
existing child-monitoring devices, including communication reliability, location accuracy,
and real-time processing, and proposed distributed computing as a possible approach for
addressing these issues. This work indicates the importance of designing a monitoring
architecture that can process information efficiently while maintaining communication
between the child device and the parent application. [5]

I11. Problem statement

Child safety is a major concern in apartments and gated communities, where children
frequently move between homes, playgrounds, parks, corridors, parking areas, and other
common spaces. Parents may not always be able to continuously supervise their children
because of work, household responsibilities, or other activities. Although security guards
and cctv cameras are commonly available in residential communities, these methods do not
always provide continuous, child-specific location information or immediate notification
when a child moves into an unsafe area.

Traditional monitoring mainly depends on direct supervision and visual observation.
Parents may need to repeatedly check where their children are, while security personnel
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may have to depend on cctv footage or information from other residents. Cctv systems can
provide visual information, but monitoring a large number of cameras continuously is
difficult. In addition, cameras may not cover every location within a residential community,
and identifying a particular child among many people can be challenging.

Another important issue is the lack of automatic boundary monitoring. Children may
unintentionally move away from designated play areas or enter locations such as parking
zones, road entrances, construction areas, or other restricted spaces. Without an automated
notification mechanism, parents or security personnel may become aware of such situations
only after a delay. This delay can make it difficult to respond quickly.

Existing child-tracking solutions can provide location information, but they may not be
specifically designed for the environment of apartments and gated communities. A
residential community requires a system that can consider predefined safe areas, restricted
areas, parents, and authorized security personnel together. Therefore, there is a need for an
integrated monitoring framework that combines location tracking, geographical boundaries,
emergency communication, and device-status monitoring.

The proposed smart child monitoring system addresses these challenges through a gps-
enabled wearable device connected to a monitoring application. The wearable device
periodically obtains the child’s location and communicates the information to the
monitoring system. Authorized users can access the location information through the
application and monitor the child within the residential environment.

The system uses geofencing to define virtual geographical boundaries. Safe zones can be
created for locations where the child is normally allowed to move, while danger or restricted
zones can be defined for areas where the child should not enter. The system compares the
child’s current location with these predefined zones. If the child crosses a specified
boundary or enters a restricted area, an alert can be generated and sent to the parent or
authorized security personnel.

The system also addresses emergency situations through an emergency button integrated
into the wearable device. When the child requires assistance, pressing the button can trigger
an emergency notification to the authorized users. This provides a direct communication
mechanism between the child and the monitoring system without requiring the child to
operate a smartphone.

In addition, wearable-status monitoring can be incorporated to identify conditions such as
device removal, disconnection, or loss of communication. When an abnormal device status
is detected, the system can notify the authorized user so that the situation can be checked.
This provides an additional monitoring layer beyond location tracking.

The proposed system is intended to support both parents and residential security personnel.
Parents can receive information about the child’s location and safety status, while
authorized security personnel can provide assistance when an alert is generated. This creates
a collaborative monitoring approach in which technology supports human supervision
rather than completely replacing it.

The major problem addressed by this work is therefore the absence of a simple, integrated,
and community-oriented child monitoring mechanism that can provide location awareness,
automatic geofencing alerts, emergency communication, and wearable-status monitoring
within apartments and gated communities. The proposed system aims to reduce monitoring
gaps and provide timely information that can help parents and authorized personnel respond
more effectively to potential safety situations.
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IV. System Architecture

The proposed smart child monitoring system follows a layered architecture that integrates
a wearable device, communication network, monitoring platform, geofencing module, and
notification system. lot architectures commonly use sensing devices to collect information
and transfer it through communication networks to processing platforms, which provides
the basic foundation for this system [1,2].

The wearable layer consists of the device carried or worn by the child. It can include a gps
module, microcontroller, communication module, emergency button, and wearable-status
sensor. The gps module obtains the child's geographical coordinates, while the
microcontroller processes the collected information before transmission. Wearable devices
have been investigated for child monitoring using gps and other sensors, demonstrating
their suitability for location-based safety applications [3].

The communication layer transfers information from the child's wearable device to the
monitoring platform. Depending on the implementation, suitable wireless communication
technologies can be used to transmit location and status information. Previous child-
tracking research has explored technologies such as lora for long-range communication
between wearable devices and monitoring systems [4].

The monitoring layer receives the information transmitted by the wearable device and
processes it. The system can store the latest location, device status, and generated events.
The monitoring platform acts as the central component that connects the wearable device
with authorized users. Edge, fog, and cloud-based architectures have also been proposed
for processing information from iot-based child-monitoring devices [5].

The geofencing module creates virtual boundaries around predefined areas. Safe zones can
be defined around playgrounds, gardens, or other permitted areas, while restricted zones
can be created around parking areas, entrances, construction areas, or other locations. The
child's current gps coordinates are compared with these predefined boundaries. Gps and
geofencing have been used together in child-tracking systems to generate alerts when a
child crosses a defined boundary [4].

When the system detects an important event, the alert module generates a notification.
Events may include entering a restricted zone, leaving a safe zone, pressing the emergency
button, or detecting an abnormal wearable status. The notification can be sent to authorized
parents or security personnel through the monitoring application.

The application provides an interface for authorized users to monitor the child's latest
available location and receive safety alerts. Parents can use the application to check the
child's location, while authorized security personnel can respond to alerts within the
residential community. A parent-side smartphone interface has also been proposed in
previous iot-based child-safety architectures [5].

The overall operation can be represented as:

Child wearable — gps/sensors — microcontroller — communication network —

monitoring platform — geofencing & event processing — alert system —
parent/security application

This layered architecture combines wearable sensing, communication, location processing,
geofencing, and notifications into a single monitoring framework. It is designed to provide
an additional safety layer for children in apartments and gated communities while keeping
parents and authorized security personnel involved in the monitoring process.
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V. Methodology

The proposed smart child monitoring system follows a sequence of steps through which the
child's location and wearable status are collected, processed, and communicated to
authorized users. lot-based monitoring systems generally involve sensing, communication,
processing, and user-level applications [1,2].

First, the child's wearable device is registered with the monitoring system. The parent or
authorized administrator defines the child's profile and specifies the areas that are
considered safe or restricted.

The gps module installed in the wearable obtains the child's geographical coordinates. The
coordinates include the latitude and longitude of the child's current location. Gps-based
wearable monitoring has previously been used for obtaining children's location information

[3].

The collected location information is transferred from the wearable device to the monitoring
platform through a suitable wireless communication network. Technologies such as lora
have been explored for long-range child-tracking applications [4].

The monitoring platform receives the location data and processes the latest available
coordinates. The system can store the location information and make it available to
authorized users through the monitoring application.

The system creates virtual boundaries around predefined safe and restricted areas. The
received gps coordinates are compared with these boundaries. If the child remains within
the permitted area, normal monitoring continues. If the child crosses a predefined boundary,
the system identifies the event and activates the alert mechanism [4].

An emergency button is provided on the wearable device. When the child presses the button,
an emergency event is transmitted to the monitoring platform. The system then sends an
alert to the authorized parent or security personnel.

The system can also monitor the operational status of the wearable. Events such as device
removal, disconnection, or loss of communication can be identified and reported to the
authorized user. This provides an additional monitoring layer beyond location tracking.

When a safety-related event is detected, the system generates an appropriate notification.
Alerts may be generated for:

Entry into a restricted zone
Exit from a safe zone
Emergency-button activation
Abnormal wearable status
Loss of communication

The generated alert is delivered to authorized users through the monitoring application.
Parents can check the child's latest available location, while authorized security personnel
can respond to relevant events within the residential community. Parent-side applications
have been included in previous iot-based child-safety architectures [5].

Wearable device — gps/sensor data collection — wireless communication —
monitoring platform — location processing — geofencing — event detection — alert

generation — parent/security notification

This methodology combines location tracking, geofencing, emergency communication, and
wearable-status monitoring into a unified process. The overall approach is intended to
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provide timely safety information while keeping parents and authorized security personnel
involved in the monitoring process.

V1. Implementation

The proposed smart child monitoring system can be implemented by integrating a wearable
device with a communication network, monitoring platform, geofencing module, and user
application. lot systems commonly combine sensing devices, communication technologies,
and processing platforms to support monitoring applications

The wearable device forms the main hardware component of the system. It can contain a
microcontroller, gps module, wireless communication module, emergency button, and
wearable-status sensor. The microcontroller manages the different components and
prepares the collected information for transmission.

The gps module obtains the child's geographical coordinates. These coordinates are
periodically provided to the monitoring system so that authorized users can view the child's
latest available location. Gps-based wearable systems have previously been investigated for
child monitoring .

A suitable wireless communication technology is used to transfer information from the
wearable to the monitoring platform. Depending on the deployment environment,
technologies such as wi-fi, cellular communication, or lora can be considered. Lora and gps
have been combined in previous child-tracking research for location monitoring and
geofencing.

The monitoring platform receives and processes information from the wearable device. It
can maintain the child's latest location, wearable status, predefined zones, and safety events.
The platform acts as the connection between the wearable device and the parent/security
application.

Safe and restricted areas are configured within the monitoring platform. The system
continuously compares the received gps coordinates with the predefined geographical
boundaries. When the child crosses a boundary, the system identifies the event and activates
the appropriate notification mechanism .

An emergency button is integrated into the wearable. When activated, the system sends an
emergency event to the monitoring platform. The platform then generates a notification for
authorized parents or security personnel.

A mobile or web-based application can be developed for authorized users. The application
can display the child's latest location, predefined zones, device status, and safety
notifications. Similar parent-side applications have been proposed in iot-based child-safety
architectures .

The notification system informs authorized users about important events. Notifications can
be generated when the child enters a restricted area, leaves a safe zone, activates the
emergency button, or when an abnormal wearable status is detected.

After implementing the individual components, the wearable device, communication
network, monitoring platform, geofencing module, and application are integrated into a
single system. The complete prototype is then tested under different conditions to verify
location updates, boundary detection, emergency alerts, and communication between the
wearable and monitoring application.

Gps/sensor — microcontroller — communication network — monitoring platform —

geofencing/event processing — notification — parent/security application
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The implementation therefore provides an integrated framework in which hardware and

software components work together to support child monitoring within apartments and
gated communities.

VII. Results and discussion

The proposed smart child monitoring system is designed to provide continuous location
awareness and timely notifications for important child-safety events. The system combines
gps tracking, geofencing, emergency alerts, and wearable-status monitoring into a single
monitoring framework. lot-based wearable systems have demonstrated the feasibility of
collecting and communicating information from devices worn by children [3], while gps
and geofencing have been explored for automated child-tracking alerts [4].

The gps-enabled wearable provides the child's latest available geographical location to the
monitoring platform. The received coordinates can be displayed through the parent or
security application, allowing authorized users to monitor the child's movement within the
residential environment.

The geofencing module evaluates the child's location against predefined safe and restricted
zones. When the child remains within the permitted area, the system continues normal
monitoring. When the child crosses a configured boundary, the system can generate an alert.
This approach is consistent with previous gps-based child-tracking systems that use
geofencing for safe-zone monitoring [4].

The emergency button provides a direct method for generating an alert. When activated, the
event is transmitted to the monitoring platform and a notification can be provided to
authorized users. This allows parents or security personnel to become aware of an
emergency request without requiring the child to operate a smartphone.

The system can monitor the operational status of the wearable device. If the device is
removed, disconnected, or loses communication, the monitoring platform can generate a
corresponding notification. This helps users identify situations in which normal location
monitoring may have been interrupted.

The monitoring application provides authorized users with access to the child's latest
available location and safety notifications. A parent-side application combined with a child-
side wearable has also been proposed in previous iot child-safety architectures [5].

The proposed architecture demonstrates how multiple monitoring functions can be
combined instead of depending on a single safety mechanism. Gps provides location
information, geofencing identifies boundary-related events, the emergency button enables
direct alert generation, and wearable-status monitoring provides information about device
availability.

However, the actual performance of the system depends on factors such as gps accuracy,
communication availability, battery life, and indoor positioning. Previous research has also
identified communication reliability and location accuracy as important challenges in iot-
based child-monitoring systems [5]. Therefore, large-scale real-world testing would be
required before making quantitative claims about system accuracy or response time.

1. Advantages and limitations

1. Advantages:

e Real-time location awareness
The gps-enabled wearable provides the child's latest available location to authorized
users, helping parents and security personnel monitor the child's movement [3].
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e Automatic geofencing alerts
The system can create predefined safe and restricted zones and generate alerts when
the child crosses a specified boundary [4].

e Emergency communication
The emergency button provides a simple way for the child to send an alert to authorized
users when assistance is required.

e Community-based monitoring
The system can support both parents and authorized security personnel, making it
suitable for apartments and gated communities.

e \Wearable-status monitoring
The system can notify authorized users when the wearable is removed, disconnected,
or experiences a communication problem.

e Reduced manual monitoring
Automated location and boundary monitoring can reduce the need for parents to
repeatedly check the child's location manually.

e Integrated safety framework
Gps tracking, geofencing, emergency alerts, and wearable-status monitoring are
combined within a single system.

e Expandable architecture
The iot-based architecture can be extended with additional sensors, improved
communication technologies, and indoor-positioning methods [1,2].

2. Limitations

e Gpsaccuracy
Gps location may not always be precise, particularly in areas where satellite signals are
weak.

e Communication dependency
The system depends on reliable communication between the wearable and monitoring
platform.

e Battery consumption
Continuous gps tracking and wireless communication can increase the wearable's
power consumption.

e Indoor positioning
Gps-based tracking may have limitations inside buildings, where indoor-positioning
technologies may be required.

e Hardware limitations
The size, weight, durability, and power capacity of the wearable can affect its practical
usability.

o False or delayed alerts
Temporary gps inaccuracies or communication problems may result in incorrect or
delayed notifications.

e Privacy and security
Location information is sensitive and should only be accessible to authorized users. lot
systems also require appropriate security measures [1].

e Maintenance requirements
The wearable device, communication system, and monitoring platform require regular
maintenance and charging.

e Real-world deployment
Lare-scale deployment would require additional testing to evaluate reliability,
accuracy, network performance, and user acceptance.
Overall, the system provides several potential benefits for community-based child
monitoring, while its practical deployment must consider technical, privacy,
communication, and hardware limitations.
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3. Future scope

The proposed smart child monitoring system can be further improved by incorporating
advanced technologies and additional safety features. The following developments can
enhance the system's accuracy, reliability, and usability.

Gps can have limitations inside buildings. Future versions can integrate indoor-positioning
technologies such as wi-fi, bluetooth, or other suitable sensors to improve location
monitoring inside apartments and community buildings.

The current system can be extended with dynamic geofencing, where safe and restricted
zones can be modified according to the child's activity, time, or community requirements.
Gps and geofencing-based approaches have already demonstrated their usefulness for child
tracking .

Future systems can combine multiple positioning technologies to improve location
accuracy, particularly in areas where gps signals are weak. This can help reduce incorrect
boundary-crossing alerts.

Battery consumption is an important limitation of wearable monitoring systems. Future
implementations can use energy-efficient components and communication techniques to
increase battery life while maintaining necessary monitoring functions.

Since the system handles child-location information, future versions should implement
stronger authentication, encryption, and access-control mechanisms. lot research identifies
security and privacy as important challenges for connected devices .

Future systems could incorporate intelligent algorithms to identify unusual movement
patterns or repeated boundary violations. This could help distinguish genuine safety events
from temporary positioning errors.

The system could be integrated with existing apartment security infrastructure such as
access-control systems, security applications, and community notification systems. This
could create a more coordinated safety framework.

The monitoring platform can be extended to support multiple children simultaneously.
Authorized parents and security personnel could monitor several registered wearable
devices through a centralized interface.

Future versions could provide additional information with emergency notifications, such as
the child's latest location, time of alert, device status, and relevant predefined-zone
information. This can help authorized personnel understand the event more quickly.

Before large-scale deployment, the system should be tested in real residential environments
under different network, weather, indoor, and outdoor conditions. Testing can help evaluate
location accuracy, communication reliability, battery performance, and alert behavior.

Overall, future development can transform the proposed prototype into a more accurate,
secure, energy-efficient, and scalable child-monitoring system for apartments and gated
communities.

VIII. Conclusion

The proposed smart child monitoring system provides a technology-assisted approach to
improving child safety in apartments and gated communities. The system combines gps-
based location tracking, geofencing, emergency alerts, and wearable-status monitoring to
provide parents and authorized security personnel with timely information about important
safety events.

10
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The gps-enabled wearable allows the child's latest available location to be monitored
through an authorized application. The geofencing module helps define safe and restricted
areas and can generate alerts when the child crosses a predefined boundary. The emergency
button provides a direct method for requesting assistance, while wearable-status monitoring
can indicate situations where normal monitoring has been interrupted.

The system is designed to complement, rather than replace, parental supervision and
residential security. By combining the child-side wearable with a centralized monitoring
platform, parents and authorized security personnel can work together to respond to relevant
safety alerts.

However, practical deployment must consider limitations such as gps accuracy, network
availability, battery consumption, indoor positioning, hardware constraints, and privacy of
location information. These factors should be evaluated through further real-world testing.

Future improvements can include better indoor positioning, energy-efficient wearable
hardware, stronger security mechanisms, intelligent event detection, and integration with
existing residential security infrastructure. Overall, the proposed system provides a
foundation for a community-oriented child monitoring framework that can support safer
and more responsive residential environments.
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