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ABSTRACT

In response to rising personal security concerns for women across the globe, this paper presents
SURAKSHA, a standalone and intelligent wearable safety pendant designed to provide immediate
assistance during emergency situations. The proposed system is built around an ESP32
microcontroller and integrates GPS and GSM modules for real-time location tracking and alert
communication. A push button serves as an emergency trigger, enabling the user to activate the system
instantly during distress. Upon activation, the device automatically sends an SMS containing the
user’s live geographical location to preconfigured emergency contacts, such as family members or
guardians. Simultaneously, a buzzer is activated to alert nearby individuals and seek immediate help.
In addition, an ESP-CAM module captures image or video evidence at the time of the incident, which
can be utilized for post-incident analysis and legal verification. The proposed design operates
autonomously without reliance on smartphones or internet connectivity, ensuring reliable
performance even in critical situations. By combining rapid alert generation, accurate location sharing,
local alarm activation, and multimedia evidence capture, SURAKSHA offers an effective, low-cost,
and portable 10T-based solution for enhancing women’s personal safety.
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INTRODUCTION

Women'’s safety is an increasing problem worldwide, partic- ularly in urban and semi-urban areas where rapid population growth,
greater mobility and changing social environments have resulted in an increase in safety issues. Traditional safety mechanisms like
mobile applications need active interaction of the user, stable internet connection and unlocked smartphones, which may not be
possible during a panic or emergency situation. In many real life situations, victims cannot get access to their phones due to fear,
physical restraint or unavailability of net- work. Delays in alerting family members, near by people, or the law enforcement
authorities often lead to severe consequences which highlights the need for a faster and reliable system of emergency response. In
the recent times, advancement in the snowball effect of the Internet of Things (loT) and embedded devices has allowed cementing
of wearable under-dropped equipment that’s small, consumption and henceforth fit sensory to work onFunction by itself. These are
systems which combine the sensors with micro- controllers and wireless communication units in order to provide real- time
monitoring and alert systems without involving use of smart phone or the constant internet connection. A wear- able pendant is
especially effective because it is discreet, lightweight and easily carried or worn at all times and there- fore available immediately
in distress situations. Furthermore, wearable safety devices can have multiple emergency func- tions designed into them, including
location tracking, alert message transmission, local alarm activation and evidence col- lection. By adding GPS and GSM
technologies, such devices can transmit the accurate location details to the predefined emergency contacts to get help faster. The
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inclusion of cameras and audio-visual components further enhances the strength of the describes system as they enable back of
the audio or footage in the same time or even recorded that can be essential in even after analyze incident and legal proceedings.
Hence, loT-based wearable safety solutions provide an excellent and promising solution to improve personal security and decrease
response time in emergencies.

1.METHODOLOGY

The methodology of the proposed SURAKSHA - In- tel- ligent Safety Pendant is focused on the design of a reliable, autonomous
and fast response wearable safety system using embedded and 10T technologies. The system is developed by combining hardware
components with efficient software logic for ensuring immediate action in case of emergency situations.

A. System Design Approach

The system operates in an event driven design approach, in which one user action (panic button pressing) triggers a multiplicity
of emergency responses automatically. The ESP32 micro- controller is the central processing unit which coor- dinates the
communication between the GPS, GSM, ESP- CAM module & alert mechanisms. It has a design focused on minimal user
interaction, low latency, and reliability in use during conditions of panic.

B. Hardware Integration

All the hardware components are interfaced with the ESP32 using the suitable communication protocols: « The push button connected
to a digital input pin and is configured using interrupt based triggering to ensure that immediate response is given. The.jpg image
file above is attached for better visualization.1.5 Summary.1.6 To build the GPS-pomocnik, you need the following components:
1.7. Different devices used in our project The components required for developing the GPS-pomocnik are also listed below: 1.8
Operating system used in development ESP32 - the microprocessor component working as the main device of the computer
system. Result:

- The GSM module is interfaced via serial communi- cation and controlled by sending AT commands that are used to send SMS
alerts. The ESP-CAM module is integrated to capture the image or video evidence upon activating. The buzzer is interfaced to one
of the pins of PCI and is made to produce a loud audible warning. A rechargeable battery is used to power the entire system and
thus provide portability and continuous operation.

C. Software Methodology

The software logic is programmed with Arduino IDE / ESP- IDF framework. The program flow involves initial-ization of all the
modules, continuous monitoring of the panic button, and taking emergency actions on panic button triggering. The firmware is
optimized in order to reduce execution time and power consumption. The important software modules are: * Button interrupt
handling * GPS information decoding and authentication. GSM communication & SMS formatting HQAGT Operation is also a
strengths curriculum program that focuses on a sport and SQL Benchmark marketing skills and vast typical-students skills. Irregular
procedure due to hardware variation.Due to the variation of hardware, there may have been imperfect procedure of camera
initialization and image capturing procedure. * Buzzer control logic

D. Emergency Alert Process

When the panic button is pressed the system does the following in order: 1) ESP32 is used to sense the interrupt signal in the push
button. 2) GPS coordinates (latitude and longitude) are finally retrieved and checked. 3) An emergency SMS message with the
location of the user is sent to predefined contacts using the GSM module. 4) The buzzer is sounded to warn people in the vicinity. 5)
ESP-CAM takes picture or video evidence for future verification. This is an automated sequence that guarantees the generation of
alerts quickly and with a minimum of delay.

E. Data Handling and Communication

The GPS information is embedded within the SMS in a human readable format including a link to Google Maps for easy tracking
of location. The captured visual data can either be stored locally or sent away at time of later profession de- pending on system
configuration. GSM-based communication is used to ensure that it functions even when there is limited access to the internet.

F. Reliability and Safety Considerations

To improve the reliability of the system, the debouncing techniques are applied to the push button to avoid false triggers. Error
handling routines are developed to handle GPS signal loss and GSM Network delays. The system is designed to work under real-
life operation ensuring uniform performance also under emergency situations

2. BLOCK DIAGRAM

The block diagram of the proposed SURAKSHA - Intel- ligent Safety Pendant shows the interconnection and func- tional relations
between the hardware components used in the system. The architecture is built around the ESP32 micro- controller which serves as
the primary control unit with the responsibility to coordinate all the emergency operations (alert generation, location tracking, and
evidence capturing).
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Fig. 1. Block Diagram of SURAKSHA Intelligent Safety Pendant

3. SYSTEM ARCHITECTURE

The system architecture of the proposed SURAKSHA Intel- ligent Safety Pendant is designed to provide fast, autonomous and
reliable emergency response. The hardware of the design is a combination of embedded devices, radio devices commu- nicating via
wireless protocols, and sensor devices that are planned to be managed by a main microcontroller (ESP32). The modular design
ensures that each component can work out its own task, and while doing so, there is a smooth coordination among them.

A.  Overview

The core of the system is ESP32 microcontroller which handles all the emergency operations and coordinates the func- tioning of
the peripheral modules. The architecture includes:

= Push Button: Is used as a panic button that produces an in-terrupt signal for immediate emergency actions. * GPS Module:
Gives the real-time location coordinates of latitude, longitude, and GPS can be used for accurate tracking of location. GSM Module:
It transmits the SMS alerts that contain the location of the user to the predefined contacts of emergency. ESP-CAM Module: To
capture images or video evidence of incident at the time of incident, for verification. Buzzer: Encloses a loud audible alarm (¢85
dB) that is issued to attract attention from people in the immediate vicinity.

All modules interface with the ESP32 against standard communication protocols like for example, the totalitarian and international
standards: Contraptions ( unambiguous corre- spondence or 12C, SPI) are chosen according to the individual module prerequisites.

B. Architecture Description

In this project, the state of the system at the beginning is continuous monitoring: the ESP32 microcontroller decides to produce
a monitoring effect by using the interrupts of the push button input, because the location data in GPS is changing constantly, the
GPS module will be relied to get each time the signals determined by GPS receivers to obtain updated location data. As soon as the
push - button is pressed, the ESP32 activates the emergency protocol on the fly. The GPS coordinates are then processed and
converted to an easy reading alert message. This message contains a link to Google maps and it goes to pre-mentioned emergency
contacts via GSM Module. At the same time, a local buzzer sirens to attract attention nearby, and the ESP - CAM shags pictures
incident checks.

C. Architecture Diagram (Block-level)

The system can be visualized as a central ESP32 module interfacing with four peripheral modules:
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Fig. 2. Block Diagram of SURAKSHA — Intelligent Safety Pendant

D. Key Features of the Architecture

- Autonomous Operation: No smartphone or internet de- pendency.

Simultaneous Actions: Location alert, local alarm, and video evidence capture happen in parallel.
Modularity: Each component is independently replace- able or upgradable.

Reliability: Interrupt-based design ensures immediate system response.

E. Implementation Notes

.

- ATT communication is applied to the UART of-ft UART modules. \item SPI/I2C protocols are implemented in order to
interface with the \textbf{ESP- CAM}. push button an item Additional items added include debounc- ing of the push button to
avoid unwanted triggers.

\item The system consumes battery energy which is a

\textbf{rechargeable Li-lon battery} for portability.

4, RESULT

The SURAKSHA Intelligent Safety Pendant was developed and trialled in real life scenarios to understand how well it works, how
reliable it is and how fast it reacts to. Experiments indicate that the system responds almost immediately, in 200 milliseconds, after
the emergency push - button is pressed due to its interrupt based architecture. The in-built GPS mod- ule provides precise location
tracking capabilities providing latitude and longitude with an error value of about +-5 m. These coordinates are successfully
converted into the Google Maps links and pushed to the predefined emergency contacts in the form of SMS. Through GSM, it has
been tested that the module can reliably send alert messages to several recipients within a time interval of 10-15 seconds. The on-
board buzzer gives an audible alarm above 85dB, which will effectively attract attention of people in the vicinity. At the same time,
the ESP-CAM snatches images and short video clips to assist in locating evidence. Long duration reliability tests prove stable
operation without false triggering due to proper push button debouncing and continuous operation for approx. 6-8 hours on one Li-
lon battery charge.
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Fig. 3. Final working model of SURAKSHA Safety Pendant
A. System Components

The hardware prototype is the physical layout of the ”Intelligent Safety Pendant,” which connects a number of electronic modules,
together with a central microcontroller. This configuration is designed to execute the algorithm of the project (initialization of
GPS, GSM, camera, and buzzer components). When the big red emergency button is pressed, the microcontroller initiates a chain
of safety responses, in- cluding having the buzzer chirp getting attention, the GPS recording precise coordinates and the GSM
controlling an instant SMS alert sending the live location of the person at the time to the already pre-programmed contacts. The
mini camera captures live images/video for evidence. The goal is to offer a monitoring and emergency alert system of a real- time,
comprehensive nature.

Fig. 4. Components used in the project

1)  Active Buzzer: The buzzer, this is the main local alert system. It is a little piezo-electric device which converts the signals of
the Arduino Uno into a high-pitched yell of sound. It has two functions: first, it attracts immediate attention, so that it’s a deterrent
for any potential attackers; second, it serves as a local distress signal so that people in the vicinity of the wearer can help even before
the SMS reaches far-away emergency contacts.

Fig. 5. Active Buzzer Module
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2) Live Face & Weapon Detection: The Live Face / Weapon Detection is detection of faces based on real-time video data. This
is what the Al detected is a firearm in this screenshot. A red bounding box is around the handgun and the red banner says "DANGER:
WEAPON DETECTED,” confirming the critical threat classification. This output helps to automatically increase the alert priority
sent to the authorities.

5. CONCLUSION

The SURAKSHA Intelligent Safety Pendant perfectly com- bines hardware sensors, communication modules and micro-

Live Fave & Woapon Dotoution

Fig. 6. Weapon Detection using Al
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Fig. 7. Weapon Detection using Al

controller to provide an efficient personal safety solution. The takeaway points from this project are:

- Autonomous Operation: The system functions indepen- dently of smartphones or internet connectivity.

- Fast Emergency Response: Immediate SMS alerts, lo- cal alarm activation, and video evidence capture occur simultaneously.
- Modular and Scalable Design: Individual modules can be upgraded or replaced without redesigning the system.

- Practical Usability: The pendant is portable, wearable, and user-friendly, making it suitable for a wide range of users,
including women, elderly individuals, and people in high-risk environments.

This project presents a real epidemiological embedded so- lution for personal safety which will be nested under hardware joined to
smart alert mechanism for all encompassing personal safety in emergencies.

6. FUTURE SCOPE
Future enhancements to the SURAKSHA system could include:

- Integration of machine learning algorithms for automatic threat detection

- Addition of biometric sensors for health monitoring

- Implementation of Bluetooth connectivity for smartphone synchronization

- Development of a companion mobile application for system configuration

- Incorporation of solar charging capabilities for extended battery life
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