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Abstract - This study examines recent developments in GPS- and GSM-based tracking technologies designed to enable real-time
location monitoring. The Global Positioning System (GPS) provides precise geographic positioning through satellite signals, while
the Global System for Mobile Communications (GSM) facilitates reliable wireless data transmission across cellular networks. The
integration of these two technologies forms the foundation of modern personal tracking systems.

In the proposed framework, geographic coordinates acquired from the GPS receiver are transmitted to a remote tracking server
using a GSM/GPRS communication module. Data transfer can be performed through Short Message Service (SMS) or General
Packet Radio Service (GPRS), depending on network availability and system requirements. The receiving server processes incoming
location data and stores it within a centralized database to enable continuous monitoring and historical record maintenance.

The hardware architecture consists of a compact embedded single-board system incorporating GPS and GSM modules, managed by
an ARM-based microcontroller. The portable device is designed to be carried by the user, allowing uninterrupted tracking of
movement. Whenever a change in location is detected, updated coordinates are automatically transmitted to the monitoring server
to ensure timely updates.

A dedicated software application is implemented on the server side to receive, decode, analyze, and archive incoming data packets.
By combining satellite-based positioning with cellular communication technology, the system achieves accurate location tracking
and near real-time data updates.

Recent advancements in GPS-based tracking systems have focused on improving positional efficiency, power optimization, and
overall system reliability. This paper reviews contemporary research contributions and technological enhancements in the domain
of personal tracking and monitoring systems.
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1. INTRODUCTION

In recentyears, ensuring personal security has become increasingly important, particularly for women and young girls. Rising
concerns related to harassment, abduction, and unsafe travel environments have emphasized the necessity for dependable,
real-time safety mechanisms. Technological advancements offer effective solutions to these challenges through intelligent
monitoring and rapid emergency response systems. Among these, tracking systems that integrate satellite positioning and
cellular communication technologies present a practical and scalable approach to enhancing personal safety.

The Global Positioning System (GPS) enables precise geographic location identification through satellite-based signals, while
the Global System for Mobile Communications (GSM) provides a robust platform for wireless data transmission. The
combination of these technologies allows the development of a real-time tracking system capable of continuously monitoring a
user’s location and transmitting alerts during emergency situations.

The proposed system is structured around a compact embedded device integrating GPS and GSM modules, managed by a
microcontroller or ARM-based processor. Designed for portability, the device may be implemented as a wearable accessory,
identification card, or small handheld unit. In emergency scenarios, activation of an SOS mechanism triggers the automatic
transmission of location coordinates via SMS or GPRS to predefined contacts or a centralized monitoring server. This
functionality facilitates immediate communication, accurate position tracking, and faster response times.
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The primary objective of this research is to design and evaluate a cost-effective, reliable, and user-friendly tracking solution
that strengthens personal security. By delivering real-time location updates and emergency notifications, the system enhances
situational awareness for guardians and support networks while providing users with an accessible safety tool. The integration
of embedded systems, satellite navigation, and wireless communication technologies ensures practical deployment and
adaptability in real-world environments. The proposed framework emphasizes improved emergency response efficiency and
effective utilization of existing communication infrastructure.

2. LITERATURE REVIEW

A tracking system is developed to identify and continuously monitor the location of a person or object, regardless of whether it
is stationary or moving. Such systems acquire positional data and transmit it to a centralized monitoring unit for supervision,
analysis, and management. Tracking technologies are currently implemented across multiple domains, including vehicle fleet
management, railway operations, logistics coordination, and personal security applications.

Among these applications, vehicle tracking systems represent one of the most widespread uses. By integrating the Global
Positioning System (GPS) for location detection and the Global System for Mobile Communications (GSM) for wireless data
transmission, these systems provide accurate and real-time information regarding vehicle position. The location data is
periodically updated and communicated to a control center, enabling continuous supervision and improved operational
efficiency.

Railway tracking systems have similarly become essential for enhancing passenger safety and optimizing signaling and traffic
management. Contemporary train monitoring solutions incorporate satellite-based positioning, onboard communication
modules, and wireless networking technologies to determine precise train locations. The acquired data is transmitted to
railway traffic control centers, supporting route planning, collision prevention, and scheduling efficiency.

A GPS/GSM-based tracking framework operates by utilizing satellite signals to compute geographic coordinates and time
parameters. The GPS receiver determines the exact position, while the GSM network facilitates transmission of this information
to a remote server or monitoring station. Such systems are recognized for their affordability, reliability, and capability to
deliver near real-time updates.

Typically, a GPS/GSM tracking architecture consists of two principal components:

1. Mobile Unit: A portable device installed on or carried by the user or object, integrating GPS and GSM modules along
with a microcontroller or embedded processor.

2. Control Station: A centralized server or software platform responsible for receiving, processing, storing, and displaying
transmitted location data.

The mobile unit collects positional information and transmits it via SMS or GPRS to the control station. Server-side software
then decodes, analyzes, and visualizes the received data for monitoring and decision-making purposes. GSM-based wireless
communication ensures extensive network coverage and dependable data exchange.

SMS-based communication remains widely adopted due to its simplicity, low operational cost, and compatibility with existing
mobile service infrastructures. It provides a reliable mechanism for transmitting location details, particularly in regions with
limited internet connectivity. In contrast, GPRS-based communication enables continuous data streaming, making it suitable for
live tracking applications.

Recent progress in embedded system design has facilitated the integration of GPS and GSM modules into compact, energy-
efficient devices. Additionally, optimization techniques have been introduced to minimize communication costs while
maintaining high tracking accuracy. Overall, the convergence of satellite positioning and cellular communication technologies
offers a robust and efficient tracking solution. These systems deliver precise location monitoring, reliable connectivity, and
cost-effective deployment, making them highly appropriate for personal security applications, including GPS-based safety
systems designed to enhance protection and rapid emergency response.

3. Tracking System

A tracking system is a technological framework designed to determine and continuously monitor the real-time location of a
person or object. It operates by acquiring positional data and transmitting it to an authorized monitoring entity for observation,
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analysis, and response. Such systems are capable of functioning in both static (fixed) and dynamic (in-motion) conditions,
ensuring uninterrupted supervision across varying operational environments.

The proposed Girls’ Safety Tracking System is developed through the integration of the Global Positioning System (GPS) and the
Global System for Mobile Communications (GSM). The GPS module receives satellite signals to compute precise geographic
coordinates, including latitude and longitude. These coordinates are subsequently transmitted through the GSM network using
Short Message Service (SMS) or General Packet Radio Service (GPRS) to predefined contacts or a centralized tracking server.

The system architecture comprises two primary components:
1. Mobile Unit (Tracking Device):

e Integrated GPS module for accurate location acquisition
e GSM/GPRS module for wireless communication
e  Microcontroller or ARM-based processor for data processing and system control
e Emergency SOS button for immediate alert activation

2. Monitoring Unit (Base Station/Server):

e Receives transmitted location data

e Stores information in a structured database

e Displays real-time position through a Geographic Information System (GIS) or map-based interface
e Generates notifications for guardians or authorized authorities

The tracking device periodically updates the user’s position as movement occurs, ensuring continuous monitoring. In
emergency situations, activation of the SOS function triggers an immediate alert message containing the user’s current
coordinates and timestamp. Beyond real-time tracking, the system maintains historical records, including previously visited
locations, travel routes, and duration of stay at specific points.

Utilization of GSM networks provides extensive communication coverage and dependable data transfer, while GPS technology
ensures high positional accuracy. SMS-based transmission offers a cost-effective and accessible communication method,
particularly in regions with limited internet connectivity, whereas GPRS supports continuous live tracking applications.

Overall, the proposed tracking system strengthens personal security by enabling real-time location monitoring, rapid
emergency response, and systematic data management within a reliable and scalable technological framework.

3.1 GPS TECHNOLOGY

The Global Positioning System (GPS) is a satellite-based navigation infrastructure that provides precise location and timing
information anywhere on the Earth’s surface. Initially developed for defense applications, GPS has since become widely
adopted in civilian domains, including navigation, cartography, surveying, and tracking systems. Its global accessibility and high
accuracy make it a fundamental component of modern positioning technologies.

GPS operates through a constellation of satellites orbiting the Earth, each continuously transmitting radio signals containing
orbital parameters and precise time information. A GPS receiver, such as the module integrated into the proposed safety
tracking device, acquires signals from multiple satellites—typically a minimum of four—to determine its exact geographic
position. This positioning process is based on trilateration, a mathematical method used to calculate coordinates by measuring
distances from known reference points.

e Working Principle of GPS

1. Satellite Signal Transmission:GPS satellites broadcast radio signals that include their current position and
synchronized time data.

2. Signal Reception:The GPS receiver embedded within the tracking device captures signals from multiple satellites
simultaneously.

3. Distance Estimation:The receiver calculates the distance to each satellite by measuring the time delay between signal
transmission and reception.

4. Position Calculation:Using trilateration, the receiver determines the user’s precise latitude, longitude, and altitude.

© 2026, IRJET | ImpactFactorvalue:8.315 | 1S09001:2008 Certified Journal | Page 629



’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056
JET Volume: 13 Issue: 02 | Feb 2026 www.irjet.net p-ISSN: 2395-0072

5. Time Synchronization:GPS also provides accurate timing information, which is valuable for recording movement
patterns and event timestamps.

o Key Features of GPS Technology

Real-time geographic positioning

High accuracy (generally within 5-10 meters under standard conditions)
Global coverage across land, sea, and air environments

Continuous 24 /7 operation in most weather conditions

No subscription cost for accessing satellite signals

Role of GPS in the Proposed Safety System

Within the Girls’ Safety Tracking System, the GPS module performs several essential functions:

e Determining the user’s exact geographic coordinates

e Providing periodic location updates for continuous monitoring

e Generating time-stamped movement records

e Supporting accurate location identification during emergencies
The positional data acquired from satellites is transmitted via the Global System for Mobile Communications (GSM) network to
a monitoring server or designated emergency contacts. This integration enables real-time access to the user’s location
whenever required.

e Advantages of GPS in Safety Applications

e Precise tracking during emergency situations

e Rapid identification of current location

e (Capability to monitor routes and maintain movement history

e Cost-effective and reliable positioning solution
Overall, GPS technology forms the core positioning mechanism of the proposed safety framework, ensuring dependable and
accurate location tracking for enhanced personal security.

3.2 GSM TECHNOLOGY

The Global System for Mobile Communications (GSM) is a widely adopted digital cellular communication standard that enables
wireless voice and data transmission. It provides reliable and extensive network coverage, making it suitable for long-distance
communication in mobile and embedded applications. Due to its stability and cost-effectiveness, GSM technology is frequently
integrated into tracking systems for transmitting location information and emergency alerts.

GSM operates through a network of geographically distributed base transceiver stations (cell towers) that communicate with
mobile devices via radio frequency signals. Each device connected to the network contains a Subscriber Identity Module (SIM)
card, which authenticates the user and facilitates access to network services such as voice calls, Short Message Service (SMS),
and packet-based data services including General Packet Radio Service (GPRS).

Working Principle of GSM in Tracking Systems

1. SignalTransmission:
The GSM module embedded in the tracking device transmits collected data—such as geographic coordinates obtained from
the Global Positioning System (GPS)—to the nearest cellular base station.

2. NetworkRouting:
The cellular infrastructure routes the transmitted data through the core network to the designated recipient, which may be
a mobile phone, monitoring server, or web-based application.

3. DataReceptionandProcessing:
The receiving device or server decodes and processes the transmitted information, enabling visualization of the user’s
location and related details.
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1. GSM Services Utilized in Tracking Applications

Short Message Service (SMS):SMS is commonly used to transmit location coordinates directly to predefined
emergency contacts. It is a dependable communication method and remains functional even in regions with limited
internet connectivity.

2. General Packet Radio Service (GPRS):GPRS supports packet-switched data transmission, allowing continuous or
periodic updates of location information to a centralized server or mobile application for real-time tracking.

Role of GSM in the Proposed Safety System

Within the Girls’ Safety Tracking System, GSM technology serves as the primary communication medium. After the GPS module
determines the user’s geographic position, the GSM module transmits this information to predefined emergency contacts, a
centralized monitoring station, or a dedicated mobile application for live tracking.

In emergency situations, activation of the SOS mechanism triggers the immediate transmission of an alert message containing
the user’s current coordinates and timestamp. This rapid communication capability ensures timely notification and facilitates
prompt response during critical events.

Overall, GSM technology complements satellite-based positioning by providing dependable, wide-area communication, thereby
forming an essential component of the proposed real-time safety and tracking framework.

3.3 SIM300 Module

The SIM300 is a compact GSM/GPRS communication module widely used in embedded systems to enable mobile connectivity.
It allows devices to send and receive SMS, make voice calls, and transmit data over GSM networks. Its small form factor, low
power requirements, and simple interfacing make it a preferred choice for GPS/GSM-based tracking systems and other
portable applications.

Overview and Key Features of SIM300

e Tri-band GSM support (900/1800/1900 MHz)

e  SMS capability (supports both text and PDU modes)
GPRS-based data transmission

Low power consumption for extended use
Compact size suitable for embedded applications
AT command-based control for easy programming
SIM card interface support

Working Principle

The SIM300 module communicates with a microcontroller or embedded processor (e.g., Arduino or ARM-based systems)
through serial communication (UART). Itis controlled using standard AT commands to perform operations such as network
registration, data transmission, and SMS messaging.

1. Initialization:
The microcontroller sends AT commands to configure and initialize the SIM300 module.

2. NetworkRegistration:
The module connects to the nearest GSM cellular tower using a valid SIM card to establish network connectivity.

3. Data Transmission:
o GPS coordinates can be sent via SMS to predefined numbers.
o Data can also be transmitted to a remote server using GPRS for real-time tracking.

4, AlertFunction:
When the SOS button on the device is activated, the microcontroller instructs the SIM300 module to immediately send
an emergency message containing the user’s current location.
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Role in the Proposed Girls’ Safety Tracking System

In the GPS/GSM-based safety tracking system, the SIM300 module plays a critical role in communication:

The GPS module collects latitude and longitude data of the user.

The microcontroller processes the positional information.

The SIM300 module transmits the processed data through the GSM network.

Emergency contacts or guardians receive instant SMS alerts containing the user’s location, ensuring prompt
response in case of emergencies.

[ ]
By integrating GPS positioning with SIM300-based GSM communication, the system provides reliable, real-time location
tracking and a rapid alert mechanism, making it effective for personal safety applications.

4. Proposed System Architecture

The proposed solution integrates mobile computing with Global Positioning System (GPS), Global System for Mobile
Communications (GSM), General Packet Radio Service (GPRS), and Geographic Information System (GIS) technologies to
develop an efficient personal tracking and safety management system. By combining satellite-based positioning with wireless
communication networks, the system provides accurate location monitoring and supports real-time data transmission.

The system primarily relies on two core technologies: GPS for precise location detection and GPRS for wireless data
communication. The GPS module calculates the user’s geographic coordinates (latitude and longitude) using satellite signals.
These coordinates are then transmitted via a GSM/GPRS-enabled mobile network to a centralized monitoring server or base
station.

The tracking device can either be a dedicated embedded unit or integrated into a mobile phone. Many modern smartphones
already feature built-in GPS receivers and GSM transmitters, making them suitable for real-time tracking on land, sea, or air.
These devices can continuously transmit positioning data to authorized contacts or monitoring servers through mobile
networks.

Each mobile device possesses a unique International Mobile Equipment Identity (IMEI) number, which serves as a unique
identifier within the tracking system. When location data is transmitted, the IMEI number can be included alongside GPS
coordinates to ensure that the device—and therefore the user—is uniquely identified.
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The received data is securely stored at the base station for monitoring, analysis, and historical tracking purposes.The
integration of GSM with GPRS enhances the reliability and availability of real-time location updates. Data received at the server
is processed and displayed using GIS technology, allowing users to visualize the tracke individual’s location on digital maps.
GIS visualization enables guardians or authorities to monitor movement history, current position, and travel routes more
effectively through a clear graphical interface. Beyond real-time positioning, the system maintains historical records of
previously visited locations and the duration spent at each place. By combining geographic coordinates with timestamp
information from GPS satellites, the system ensures accurate, time-stamped data reporting Overall, the combination of GPS for
positioning, GSM/GPRS for communication, and GIS for visualizationcreates a comprehensive and reliable real-time tracking
system. This integrated approach enhances personal safety by enabling continuous monitoring, facilitating rapid emergency
response, and providing efficient location management.

5. CONCLUSIONS

The proposed GPS/GSM-based Girls’ Safety Tracking System offers a practical and reliable approach to enhancing personal
security. By integrating Global Positioning System (GPS) for precise location detection with Global System for Mobile
Communications (GSM) and General Packet Radio Service (GPRS) for real-time communication, the system enables continuous
monitoring of an individual’s movements and ensures prompt response during emergency situations.

From the study and implementation of this system, the following conclusions can be drawn:

1. Accurate Real-Time Tracking:
The system provides precise and continuous monitoring of the user’s location, updating guardians or monitoring
servers in real time to maintain situational awareness.

2. Immediate Emergency Alerts:

The SOS feature allows the user to send instant, location-based alerts during critical situations, facilitating rapid
assistance and improving overall safety.

3. Integration of Technologies:

The combination of GPS, GSM, GPRS, and Geographic Information System (GIS) technologies delivers a comprehensive
solution for location tracking, communication, and visualization, enhancing both efficiency and usability.

4. Cost-Effective and User-Friendly Design:

The system can be implemented using affordable components such as GPS modules, SIM300 GSM modules, and
microcontrollers. Its compact and portable design ensures ease of use for everyday applications.

5. Data Logging and Analysis:

The system maintains historical location records and movement patterns, which can be analyzed for security
monitoring, route optimization, or behavioral insights, providing additional layers of safety.

6. Versatile Applicability:

While primarily designed for girls’ safety, the system’s architecture can be adapted for broader applications, including
vehicle tracking, elderly care, or asset monitoring.
In conclusion, the GPS/GSM-based safety tracking system effectively meets the requirements for a reliable, real-time, and
affordable personal security solution. It empowers users with enhanced safety and provides guardians with peace of mind,
demonstrating significant value as a practical tool for everyday personal protection.
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