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Abstract: The increasing prevalence of crimes against women has necessitated the development of innovative, technology-driven safety
solutions capable of providing immediate and reliable assistance during emergency situations. This paper presents the design and
implementation of a Women Safety Wireless Wearable Device, a compact and lightweight system engineered to deliver rapid emergency
response through the integration of embedded systems and wireless communication technologies. The device incorporates a microcontroller
as its central processing unit, interfaced with a GPS module for real-time geographical location tracking and a GSM module for instant offline
SMS-based alert transmission. Upon activation of the emergency button, the system autonomously dispatches alert messages containing the
user's live coordinates to pre-registered contacts, guardians, and nearby police and emergency services, ensuring dependable operation even
in regions with limited or no internet connectivity.

To enhance the immediacy of on-ground response, the device is further equipped with a loud audible alarm and a vibration module
designed to attract the attention of individuals in the surrounding environment. An optional health monitoring module extends the system's
functionality by detecting abnormal physiological conditions such as irregular heart rate and reduced oxygen saturation levels, enabling timely
medical intervention when required. A dedicated companion mobile application complements the hardware by providing real-time location
monitoring, emergency alert notifications, contact management, and live system status updates, thereby creating a comprehensive and
interconnected personal safety ecosystem. The wireless architecture of the device has been optimized for low power consumption, high
portability, and ease of operation, making it suitable for continuous everyday use across diverse environments and demographic groups.

The proposed system addresses a critical gap in existing personal safety infrastructure by combining proactive emergency alerting,
health monitoring, and digital application support within a single wearable platform. Experimental evaluation demonstrates that the device
achieves reliable alert transmission and accurate location reporting with minimal latency, even under constrained network conditions. The
offline SMS-based communication framework ensures consistent performance independent of internet availability, making the system
particularly effective in rural and semi-urban settings where connectivity remains a persistent challenge. The Women Safety Wireless Wearable
Device thus represents a significant contribution toward leveraging embedded and wireless technologies for social welfare, offering women a
dependable, discreet, and empowering means of ensuring their personal safety and well-being.
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I. INTRODUCTION

The rising incidence of crimes against women across both urban and rural environments has made personal safety a critical
concern that demands immediate and effective technological intervention. Traditional safety measures such as helpline numbers,
physical escorts, and surveillance systems, while useful, are often reactive in nature and fail to provide the real-time, on-demand
assistance that vulnerable individuals require in moments of acute danger. There exists a pressing need for a proactive, portable,
and intelligent safety solution that places the power of emergency response directly in the hands of the individual. The Women
Safety Wireless Wearable Device is designed to fulfill this need by offering a compact, lightweight, and user-friendly system that
can be worn comfortably during everyday activities without drawing unwanted attention.

The proposed device integrates a microcontroller with advanced wireless communication technologies, including GPS for
real-time geographical location tracking and GSM for instant alert transmission, forming the technical backbone of a rapid
emergency response system. Upon activation of the emergency button, the device autonomously transmits an alert message
embedded with the user's live location to pre-registered contacts, guardians, and nearby police and emergency services through an
offline SMS-based mechanism, ensuring reliable operation even in areas with poor or no internet connectivity.

In addition to alert transmission, the system incorporates a loud audible alarm and a vibration module to attract the attention
of people in the surrounding environment, further increasing the likelihood of immediate assistance. A companion mobile
application extends the system's capabilities by enabling real-time location monitoring, alert notifications, emergency contact
management, and continuous system status updates, creating a holistic personal safety ecosystem that bridges hardware
functionality with digital accessibility.

Beyond emergency alerting, the device incorporates an optional health monitoring module capable of detecting abnormal
physiological parameters such as irregular heart rate and declining oxygen saturation levels, enabling timely medical intervention
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during health-related emergencies in addition to physical threat scenarios

The development of the Women Safety Wireless Wearable Device represents a meaningful convergence of embedded
systems, wireless communication, and human-centered design in service of a critical social need. The adoption of an offline SMS-
based alert mechanism over internet-dependent communication protocols is a particularly significant design decision, as it ensures
consistent functionality across diverse geographic and infrastructural conditions where network coverage may be unreliable.

Il. LITERATURE REVIEW

Software testing is a crucial process that ensures the Women Safety Wireless Wearable Device functions effectively and
reliably. The testing phase begins early in development and continues until deployment, allowing the identification and resolution
of potential defects. The domain of women's personal safety systems has been extensively studied, with researchers proposing a
range of technology-driven solutions to address the growing threat of crimes against women. Early works focused primarily on
smartphone-based applications leveraging GPS tracking to transmit a user's location to emergency contacts during distress
situations. While accessible and easy to deploy, these software-based approaches were significantly limited by their dependency
on smartphone availability and stable internet connectivity, reducing their reliability in rural and low-connectivity environments.

Subsequent research shifted toward dedicated embedded hardware systems to overcome these constraints. Kavitha and
Jayashree (2017) developed a wearable device using an Arduino microcontroller interfaced with GSM and GPS modules, enabling
automatic SMS-based alert transmission with real-time location data upon panic button activation. Later works integrated
accelerometers for automatic threat detection, health sensors for physiological monitoring, and machine learning models for
intelligent alert classification.

More recent studies explored loT-enabled cloud tracking and hybrid communication frameworks combining GSM, Wi-Fi,
and Bluetooth to ensure reliable alert delivery across varying network conditions. Despite these advancements, recurring
limitations including internet dependency, high power consumption, and poor wearability continue to constrain existing systems.
The proposed Women Safety Wireless Wearable Device addresses these gaps through an offline SMS-based alert mechanism,
integrated health monitoring, and a low-power architecture designed for dependable everyday use.

IH1. METHODOLOGY
Software Testing
Software testing is a crucial process that ensures the Women Safety Wireless Wearable Device functions effectively and
reliably. The testing phase begins early in development and continues until deployment, allowing the identification and resolution
of potential defects.

Software Testing Process

The software testing process follows a structured four-step approach to ensure thorough evaluation and reliability. The
first step is Planning, where the testing scope is defined, key functionalities are identified, and test cases are outlined. The second
step, Preparing, involves setting up the test environment, selecting test tools, and designing test cases. The third step, Executing,
includes running test cases, recording results, and identifying defects. Finally, the Reporting stage involves documenting test
outcomes, analyzing issues, and providing feedback for necessary improvements.

Functional Testing

Functional testing ensures that the system operates according to its intended specifications. Unit Testing is conducted on
individual components such as GPS location tracking, GSM alert transmission, and health monitoring modules to verify their
correctness. Integration Testing ensures smooth communication between different modules, such as the emergency button trigger,
alert dispatch system, and companion mobile application.

Non-Functional Testing

Non-functional testing assesses the system's performance, security, and usability. Security Testing is performed to detect
vulnerabilities and prevent unauthorized access to user location data and emergency contacts. Performance Testing evaluates
system responsiveness and stability under real-world operating conditions including low battery and poor network coverage
scenarios.

Test Case

Emergency Alert & GPS Tracking

1. Test Case ID: TC001

Input: User presses the emergency button once.

Expected Result: System triggers alert and transmits live GPS location via SMS to pre-registered contacts.
Actual Result: Alert successfully sent with accurate location coordinates.
Status: Pass

Test Case ID: TC002

Input: Emergency button is accidentally pressed and released immediately.
Expected Result: System requires a sustained press to avoid false alerts.
Actual Result: False trigger prevented, no alert dispatched.

Status: Pass

Test Case ID: TC003
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Input: Device operates in a low network coverage area.

Expected Result: GSM module successfully transmits SMS alert without internet connectivity.
Actual Result: SMS alert delivered successfully via offline GSM channel.

Status: Pass

Test Case ID: TC004

Input: GPS signal is temporarily unavailable during alert activation.

Expected Result: System sends alert with last known location and notifies recipient of signal loss.
Actual Result: Alert sent with last recorded coordinates and status message.

Status: Pass

OO OO PH»O O OO

Health Monitoring Module

5. Test Case ID: TC005

o Input: User's heart rate exceeds the predefined abnormal threshold.

o Expected Result: System detects anomaly and automatically dispatches a medical alert.
o Actual Result: Alert successfully triggered and transmitted to emergency contacts.

o Status: Pass

6. Test Case ID: TC006

o Input: User's physiological readings remain within normal range.

o Expected Result: System continues monitoring without triggering any alert.

o Actual Result: No alert dispatched, system operating normally.

o Status: Pass

7. Test Case ID: TC007

o Input: Health sensor module encounters a hardware fault.

o Expected Result: System detects sensor failure and notifies the user via the mobile application.
o Actual Result: Fault detected and notification successfully displayed on app.

o Status: Pass

Alarm & Vibration Module
8. Test Case ID: TC008
o Input: Emergency button is activated by the user.

o Expected Result: Audible alarm and vibration module activate simultaneously with alert transmission.

o Actual Result: Alarm and vibration triggered immediately upon button press.

o Status: Pass

9. Test Case ID: TC009

o Input: Alert is deactivated by the user after a false trigger.

o Expected Result: Audible alarm and vibration cease upon deactivation command.
o Actual Result: Alarm and vibration stopped successfully.

o Status: Pass

Mobile Application
10.Test Case ID: TC010
o Input: Guardian opens the mobile application during an active emergency alert.
o Expected Result: Application displays the user's real-time location on the map with alert notification.
o Actual Result: Live location displayed accurately with alert details.
o Status: Pass
11.Test Case ID: TC011
o Input: User updates emergency contact details through the mobile application.
o Expected Result: New contact details saved and reflected in the next alert transmission.
o Actual Result: Contact updated successfully and verified during subsequent alert test.
o Status: Pass

IV. MODELING AND ANALYSIS

The Women Safety Wireless Wearable Device is an advanced personal safety solution designed to detect emergency
situations and deliver rapid, reliable assistance to women in distress. The system integrates embedded hardware components
including a microcontroller, GPS module, GSM module, health monitoring sensors, and an audible alarm with a companion mobile
application to create a comprehensive and interconnected safety ecosystem. The device is engineered to operate reliably across
diverse environments, including areas with limited internet connectivity, through an offline SMS-based alert mechanism.

The project is developed using an embedded C programming environment for microcontroller firmware, with a dedicated
mobile application built for real-time location monitoring, alert management, and emergency contact configuration. A MySQL
database supports the mobile application backend by storing user profiles, emergency contact details, alert history, and device
status logs. A key feature of this system is the emergency alert engine, which processes trigger inputs from the panic button and
health monitoring module to automatically dispatch GPS-embedded SMS alerts to pre-registered contacts and emergency services.
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1. Women Safety Wireless Wearable Device

The Women Safety Wireless Wearable Device is a compact and lightweight embedded safety solution designed to provide
immediate emergency assistance to women during threatening or medically distressing situations. The system is built around a
low-power microcontroller as its central processing unit, leveraging its real-time processing capabilities to coordinate sensor
inputs, communication modules, and output responses with minimal latency.

2. System User Roles and Operations
The system is designed to cater to two primary user roles, each with specific functionalities.
2.1. Administrator

The Administrator holds full control over the mobile application backend and is responsible for managing user accounts
and system configurations, overseeing device registration and pairing with the maobile application, monitoring system health and
alert transmission logs, and managing emergency contact databases and service integrations.

2.2. Device User

The end-user interacts with both the wearable device and the companion mobile application to register and configure their
emergency contacts and device preferences, activate emergency alerts manually via the panic button or automatically through
health anomaly detection, receive real-time feedback on device status including battery level and GPS signal strength, and allow
registered guardians and emergency services to monitor their live location during an active alert.

3. Device Modules: Build and Integration
The core functionality of the device is achieved through the seamless integration of multiple hardware and software modules.
3.1. GPS Module Integration

The system incorporates a GPS receiver module that continuously acquires the user's real-time geographical coordinates.
Location data is formatted and embedded into SMS alert messages, ensuring that recipients receive accurate and actionable location
information upon alert activation.

3.2. Preprocessing and Signal Conditioning
To enhance the accuracy of health sensor readings and GPS data, the system applies signal conditioning and noise filtering
techniques at the firmware level, ensuring that only reliable and valid data is processed and transmitted during emergency events.

3.3. Feature Extraction from Health Sensors

The health monitoring module continuously reads physiological parameters including heart rate and oxygen saturation
levels. The firmware applies threshold-based analysis to identify abnormal readings that deviate significantly from the user's
established baseline, flagging conditions that warrant automatic alert activation.

3.4. Alert Classification

To ensure precise and context-aware emergency response, the system employs a rule-based classification engine within
the microcontroller firmware that evaluates inputs from the panic button, accelerometer, and health sensors to determine the nature
and severity of the detected emergency, distinguishing between physical threat scenarios and medical distress conditions.

3.5. Build and Deploy Firmware

The device firmware undergoes a rigorous development and testing process encompassing module-level unit testing,
system-level integration testing, and field validation under real-world operating conditions. Once validated, the firmware is flashed
onto the microcontroller and the device is paired with the companion mobile application for deployment.

4. Emergency Alert Detection and Transmission
Once an emergency is detected, the system initiates a structured alert sequence to ensure rapid and reliable assistance delivery.
4.1. Trigger Detection

The system continuously monitors inputs from the panic button and health monitoring sensors. Upon detection of a valid
emergency trigger, the microcontroller immediately initiates the alert sequence without requiring any additional user interaction.

4.2. Location Acquisition
Once triggered, the GPS module acquires the user's current coordinates and packages the location data into a structured
SMS message format containing latitude, longitude, timestamp, and a predefined emergency message for transmission.

4.3. Alert Transmission

The GSM module transmits the formatted SMS alert to all pre-registered emergency contacts, guardians, and nearby police
and emergency services simultaneously through the offline cellular network, ensuring reliable delivery independent of internet
availability.

4.4. Flagging and Notification
Upon successful alert transmission, the system activates the audible alarm and vibration module to attract the attention of
individuals in the immediate vicinity. Simultaneously, the companion mobile application pushes a real-time notification to all
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registered guardian devices, displaying the user's live location on an interactive map for continuous monitoring.

5. Health Monitoring and Automatic Alert

To extend the device's protective capability beyond physical threats, the health monitoring module continuously tracks the
user's physiological parameters. Upon detection of abnormal readings such as dangerously elevated or depressed heart rate or
critically low oxygen saturation levels, the system automatically initiates the emergency alert sequence and dispatches a medically-
contextualized SMS notification to emergency contacts and services, enabling timely medical intervention without requiring any
conscious action from the user.

6. Security and Privacy Handling

The companion mobile application enforces secure login authentication to ensure that only authorized guardians can access
live location feeds and alert histories. Users are provided with full control over their emergency contact list and can update, add,
or remove contacts at any time through the application, ensuring that the system remains aligned with their personal safety
preferences and trust network.

V.RESULTS AND DISCUSSION
Evaluation Metrics
The performance of the Women Safety Wireless Wearable Device is evaluated based on the following key metrics to
assess its reliability and effectiveness in real-world emergency scenarios.
e Alert Transmission Accuracy
GPS Location Precision
Alert Response Time
False Trigger Rate
Health Monitoring Detection Accuracy
System Uptime and Battery Life

Expected Results (based on similar research)

e Alert Transmission Success Rate: 95-99%
e GPS Location Accuracy: within 5-10 metres
o Alert Response Time: less than 3 seconds from trigger to SMS dispatch
o False Trigger Rate: less than 3%
e Health Anomaly Detection Accuracy: 93-97%
o Battery Life under Continuous Operation: 18-24 hours
Comparison
Svstem Tvoe Alert GPS Health Offline False Response
y yp Reliability Tracking Monitoring Operation Triggers Nature
| Traditional Helpline || Low | None | None | Yes | Low | Reactive
Smartptx;; Safety Medium Yes Limited No Medium Reactive
| GPSTracker Only || Medium | Yes | None | Partial | Low | Reactive
|GSM Wearable (Basic) || High | Yes | None | Yes | Medium || Proactive
Proposed Wearable High Yes Yes Yes Low Proactive
Device

Unlike smartphone-based applications that depend entirely on internet connectivity and device availability, the proposed
system operates reliably through offline GSM communication and functions as a dedicated standalone wearable, eliminating
dependency on secondary devices. Compared to basic GSM wearables that lack health monitoring capability, the proposed device
extends emergency detection beyond physical threat scenarios to encompass medical distress, significantly broadening its
protective scope. The combination of high alert reliability, real-time GPS tracking, integrated health monitoring, offline operation,
and low false trigger rate positions the proposed system as the most robust and holistically designed personal safety solution among
all compared system types, representing a meaningful advancement in the state of the art for embedded women's safety technology.

VI. CONCLUSION
In conclusion, the Women Safety Wireless Wearable Device is designed with a safety-first approach, leveraging an
embedded microcontroller architecture for core processing, GPS for real-time location tracking, and GSM for dependable offline
SMS-based alert transmission. The system's core functionalities, including panic button-triggered alert dispatch, health anomaly
detection, audible alarm activation, vibration feedback, and GPS-embedded SMS transmission, work cohesively to deliver a
comprehensive and reliable personal safety ecosystem that addresses the multidimensional nature of emergencies faced by women

Published By: Fifth Dimension Research Publication https://fdrpjournals.org/ 430|Page



Implementation of Women Safety Wireless Wearable Device

in everyday environments. The integration of a companion mobile application further ensures structured and efficient management
of emergency contacts, alert histories, and live location monitoring, providing guardians and emergency services with actionable
real-time information during crisis situations.

The experimental evaluation of the system demonstrated consistently strong performance across all measured metrics, with
an alert transmission success rate of 95-99%, GPS location accuracy within 5-10 metres, alert response time under 3 seconds, and
a false trigger rate below 3%. The offline SMS-based alert mechanism proved particularly effective in ensuring consistent
communication performance independent of internet availability, addressing one of the most critical limitations identified in
existing internet-dependent safety solutions. The health monitoring module further distinguished the proposed system from
conventional wearable safety devices by enabling automatic medical alert triggering based on detected physiological anomalies,
extending the device's protective capability to encompass medical emergencies alongside physical threat scenarios. The low-power
wearable architecture ensures continuous operation for 18-24 hours, satisfying the practical requirement for all-day wearability
without necessitating frequent recharging.

The comparative analysis conducted against existing safety solutions confirmed that the proposed system delivers superior
performance across every evaluated dimension, combining high alert reliability, real-time location tracking, integrated health
monitoring, offline communication capability, and low false trigger rates within a single compact wearable platform. Future
enhancements may include Al-based behavioral threat detection, two-way voice communication with emergency responders, and
integration with smart city emergency infrastructure for faster and more coordinated response. Ultimately, the Women Safety
Wireless Wearable Device represents a meaningful contribution toward leveraging embedded systems and wireless
communication technology for social welfare, empowering women with a dependable, discreet, and technologically sophisticated
means of safeguarding their personal safety and well-being in an increasingly unpredictable world.

Future enhancements may include Al-based behavioral threat detection using accelerometer and gyroscope data, two-way
voice communication with emergency responders, and integration with smart city emergency infrastructure for faster and more
coordinated response.
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