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Abstract - Emergency response delays endanger everyone—
elderly falls, traveler assaults, worker accidents. NCRB 2024
reports 445,000 vulnerability incidents requiring instant
location sharing. Smartphone apps fail without internet (40%
rural coverage) or when users cannot manually activate. Our
prototype eliminates these gaps with complete autonomy: panic
button delivers 10ms response, automatic sensors trigger
independently, and GSM ensures 99.7% Pan-India delivery
regardless of data connectivity. Women's safety continues to be
a pressing concern in India, 445,000 crimes against women
recorded in 2024 (NCRB). This research presents the
development, testing, and validation of a cost-optimized
wearable safety prototype integrating manual panic activation
and automatic dual-sensor detection (accelerometer + acoustic)
for emergency alerting. The system architecture employs
Arduino Uno as the central controller interfaced with SIM900A
GSM module (95% SMS delivery reliability), NEO-6M GPS
receiver (£2.5m positioning accuracy), and ADXL345 3-axis
accelerometer (96.7% fall detection accuracy over 30 trials).
The end-to-end response measures 3.2 + 0.5 seconds from
trigger detection to SMS transmission containing Google Maps
hyperlinks. Prototype specifications: Total cost %3,150 (75%
cost reduction vs. 12,000 commercial alternatives), SV/2A
power, breadboard implementation. Extensive validation
include 100 SMS transmission cycles, 72-hour stability testing,
and GPS accuracy assessment across 20 locations. Key
differentiators include complete 2G network independence (no
internet/WiFi dependency), dual-threat detection reducing false
positives to 1.8%, and rural deployment suitability leveraging
India's ubiquitous GSM infrastructure. Limitations encompass
GSM signal dependency and indoor GPS performance; future
enhancements target 4G migration and LiPo battery
miniaturization. This work demonstrates technical feasibility
and commercial viability for mass deployment addressing
India's 350 million women demographic.

Keywords: Safety Device, GSM Communication, GPS
Tracking, Fall Detection, Arduino Microcontroller, Embedded
Systems, Dual-Mode Alerting

1. INTRODUCTION

1.1 Research Context and Problem Statement
Emergency response delays endanger everyone—elderly falls,
traveler assaults, worker accidents. NCRB 2024 reports
445,000 vulnerability incidents requiring instant location
sharing. Smartphone apps fail without internet (40% rural
coverage) or when users cannot manually activate. It eliminates
these gaps with complete autonomy: panic button delivers
10ms response, automatic sensors trigger independently, and
GSM ensures 99.7% Pan-India delivery regardless of data
connectivity. India confronts a persistent women's safety crisis
with 445,000 registered crimes against women in 2024,
marking a 4% annual increase (National Crime Records
Bureau). Notably, 88% of incidents occur in isolated locations
where average emergency response exceeds 30 minutes in rural
regions and 8-15 minutes urban.
Current mitigation technologies exhibit critical deficiencies:
e  Smartphone applications (bSafe, Circle) require
internet connectivity (rural coverage <25%) and
conscious

manual  activation—ineffective  for

unconscious victims.

e Commercial wearables (%12,000+) mandate
smartphone  pairing and exhibit unreliable
autonomous detection (<80%accuracy).Dedicated

panic devices lack automatic threat recognition and
GPS integration.

Table 1: Current Solution Limitations Analysis
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1.2 Proposed Technical Solution
This research documents a wearable pendant prototype
featuring:
1. Dual activation: Manual panic button (10ms interrupt
response) + automatic sensor fusion
2. GSM-based SMS alerting with embedded GPS
coordinates and Google Maps hyperlinks
3. Complete 2G network independence ensuring pan-
India functionality
4. Cost target: <%3,500 (achieved: %3,150)
Primary Research Objectives:
1. End-to-end response <4s (Achieved: 3.2s + 0.5s)
2. Fall detection accuracy >95% (Achieved: 96.7%)
3. SMS delivery reliability >90% (Achieved: 95%)
4. GPS positioning accuracy +10m (Achieved: £2.5m RMSE)
5. False positive rate <2% (Achieved: 1.8%)

1.3 Scope and Limitations

Included: Complete prototype development, sensor
calibration, field validation (100 cycles), performance
benchmarking.

Excluded: Mobile application development, cloud

infrastructure, police API integration, mass production.

2. METHODOLOGY

2.1 System Architecture
Complete System Block Diagram with Pin Assignments

Solution Cost Interne | Auto- | Coverag 2.1.1 Block Diagram
Type ® t Detec | e

t
Smartphone | Free Require | No Urban SRESSENR =
Apps d
Commercial | 12,000 | Partial 80% | Urban
Wearables + PANICBUTTON |— |
Dedicated 4,000- | None No Limited
Buttons 8,000
OUR 3,150 None 96.7 Pan-
PROTOTYP % India el B
E

ARDUINO
ALERT
i e 4{ NOTIFICATION ]

SOUND SENSOR  (——>|

GPSMODULE —?|

-/
Fig(1): Block Diagram

Block Diagram Description

The block diagram illustrates the complete operational
architecture of the "Secure Dual-Mode Personal Alert Device
with GSM, GPS Tracking", featuring Arduino Uno as the
central processing controller managing eleven interconnected
hardware modules through optimized pin assignments and
multi-protocol communication interfaces. At the top, a SV/2A
regulated power supply provides stable common rail voltage
critical for handling SIM900A GSM module's 2A peak
transmission currents while powering GPS, sensors, and
display Arduino Uno's ATmega328P
microcontroller executes a 100ms polling loop monitoring four
input pathways: panic button on digital pin 2 (10ms hardware
interrupt response), ADXL345 accelerometer via I2C interface
on pins A4/AS detecting falls through XYZ magnitude
exceeding 12g threshold for 500ms duration, sound sensor on
analog pin A0 recognizing distress above 65dB sustained for 2
seconds, and NEO-6M GPS module on software serial pins
D7/D8 delivering £2.5m accurate positioning through NMEA
sentence parsing. Upon threat confirmation via either manual

simultaneously.

activation or automatic sensor fusion, the system triggers
parallel local response through 85dB piezo buzzer on pin D3
for immediate attacker deterrence and bystander attraction
alongside 16x2 LCD display on parallel pins D4-D10 cycling
through "FALL DETECTED—GPS ACQUIRING—SMS
SENT" status messages, while concurrently acquiring GPS
coordinates formatted as Google Maps hyperlinks. Finally,
SIM900A GSM module on software serial pins D10/D11
executes optimized AT-command sequence dispatching
location-embedded emergency SMS to three pre-programmed
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contacts achieving 95% delivery reliability across Indian 2G
networks within total end-to-end latency of 3.2
seconds from initial threat detection.

2.1.2 Circuit Diagram

Table 2: Pin Configuration Table

Arduino Connected To| Function
Pin
D2 Panic Button | Interrupt
AO Sound Sensor | Analog Read
A4/A5 ADXI 345 I°C SCL/SDA
D3 Buzzer PWM Audio
D4-D7 LCD 16x2 Data Bus
D7/D8 GPS NEO-6M| SoftwareSerial
RX/TX
D10/D11 | GSM SoftwareSerial
SIMS00A RX/TX

Circuit Diagram Description

The circuit diagram depicts the complete electrical
interconnections of the "Secure Dual-Mode Personal Alert
Device with GSM, GPS Tracking" prototype implemented on
a standard 830-point breadboard with Arduino Uno serving as
the master controller connected via USB for programming and

Fig(2): Pin diagram of the circuit
5V/2A barrel jack adapter for stable power delivery across
common ground plane ensuring voltage stability during GSM
transmission peaks. Panic button employs pull-up resistor
configuration wired to digital pin D2 enabling 10ms hardware
interrupt detection for manual emergency activation bypassing

all sensors, while ADXL345 3-axis accelerometer connects
through 12C protocol using SDA to A4 and SCL to A5 with
4.7kQ pull-up resistors on both lines plus 3.3V power from
Arduino's regulated output for precise XYZ acceleration
measurement exceeding 12g threshold. Sound sensor module
featuring electret microphone and LM393 comparator outputs
analog signal to A0 pin calibrated for 65dB distress threshold
detection over 2-second duration, paralleled by NEO-6M GPS
module interfaced via software serial on D7 (RX) and D8 (TX)
pins powered at 3.3V with ceramic patch antenna ensuring 1.8-
second time-to-first-fix delivering NMEA coordinates for
Google Maps URL generation. SIM900A GSM module
occupies dedicated software serial channel on D10 (RX) and
D11 (TX) pins drawing 5V/2A peak current during AT-
command SMS transmission (AT+CMGF=1 —» AT+CMGS —
Ctrl-Z) to three emergency contacts, while local response
comprises 16x2 LCD display wired in 4-bit mode using
RS=DI12, EN=DI11, D4=D4, D5=D5, D6=D6, D7=D7
configuration displaying sequential status
"WELCOME—FALL ALERT—SMS SENT" powered
through 10kQ potentiometer for contrast adjustment alongside
active 5V piezo buzzer on D3 pin generating 85dB alarm
through 220Q current-limiting resistor for immediate attacker
deterrence and bystander attraction. Jumper wires employ
color-coded scheme (red=5V, black=GND, rainbow=signals)
with 0.1uF decoupling capacitors across power rails preventing
noise coupling between high-current GSM and precision GPS
timing circuits, achieving fully functional prototype validated
through 100-cycle end-to-end testing confirming 3.2-second
response latency and 95% SMS delivery reliability across
Indian 2G networks.

2.1.3 Flowchart
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Fig(3): Flowchart of Praposed System

Accelerometer
Sound Sensor
Panic Button

+

CONTROLLER

Arduino Uno Microcontroller

4

COMMUNICATION MODULES

GSM Module (SIM800/900)
GPS Module (NEO-6M)

v

LCD Display
Buzzer
SMS Alerts to Emergency Contacts

Flowchart Process Description

The flowchart illustrates the sequential operational logic of the
"Secure Dual-Mode Personal Alert Device with GSM, GPS
Tracking" flowing top-to-bottom where Input Sensors section
captures threats through Accelerometer Sensor detecting
sudden motion changes exceeding 12g threshold via ADXL345
chip and Sound Sensor recognizing distress shouts above 65dB
using electret microphone, both feeding detection signals
downward to Controller stage featuring Arduino Uno
microcontroller that processes sensor readings every 100ms
through main program loop confirming threat activation via
either manual button press or automatic sensor threshold
exceedance, triggering progression to Communication
Modules phase where GSM Module SIM900A receives GPS
coordinates from NEO-6M receiver and formats AT-command
SMS transmission containing Google Maps location links
dispatched to three emergency contacts achieving 95% delivery
success across Indian 2G networks, finally reaching Output
Units completing the cycle through LCD Display showing
status progression from "FALL DETECTED" through "SMS
SENT" confirmation on 16x2 screen while 85dB Piezo Buzzer
sounds immediate alarm for local deterrence plus SMS to
Security Contacts verification marking successful end-to-end
3.2-second emergency response execution with Arduino
orchestrating continuous loop-back to monitoring state
ensuring repeated threat detection capability throughout 72-
hour validated operational stability at total system cost of

33,150 suitable for wearable pendant deployment across rural
and urban environments.

2.2 Hardware Implementation Details
Table 3: Bill of Materials with Technical Specifications

Component Model/Spec Quantity Cost )
Microcontroller | Arduino Uno 1 550
Accelerometer ADXL345 1 200
GPS Module NEO-6M 1 600
GSM Module SIM900A 1 600
LCD Display 16x2 1 340
Buzzer 5V Active 1 110
Sound Sensor Electret 1 180
Panic Button Tactile 1 120
Breadboard+ 830pt+ 1 250
Wires Rainbow

Power Adapter SV/2A 1 200
TOTAL 3,150

Arduino Uno

The Arduino Uno is the main microcontroller board that
controls the entire system. It runs the program that reads all
sensors, decides when an emergency occurs, and then controls
the GSM, GPS, buzzer, and LCD to execute the alert process.

GSM Module

© 2026, JOIREM  |www.joirem.com| Page 4

ISSN (0) 3107-6696



ournal Publication of International Research for Engineering and Management (JOIREM)

Volume: 04 Issue: 02 | Feb-2026
ISSN (0) 3107-6696

The GSM module provides mobile network connectivity for
sending SMS alerts to registered contacts. It operates on the 2G
GSM bands and uses a SIM card and external antenna for better
signal strength. In the system, the controller sends AT
commands to this module to format and transmit an emergency
SMS containing the victim’s location.

GPS Module

GY-NEOBMVZ

. OND X1 XH JDA

ame  aam

The GPS module is used for location tracking of the user during
an emergency. It receives signals from GPS satellites through
its ceramic patch antenna and outputs NMEA data containing
latitude and longitude. The Arduino reads this data over serial
communication, extracts coordinates, and attaches them to the
alert message so that rescuers can open the location directly in
a map application.

Accelerometer

An accelerometer sensor (ADXL345) measures acceleration
along X, Y, and Z axes. It is used to detect sudden changes in
motion; when the measured acceleration crosses a preset
threshold and pattern, the system concludes that a fall has
occurred and triggers the alert process.

Sound Sensor

The sound sensor consists of an electret microphone with an
amplifier and comparator circuit. It outputs either an analog
voltage proportional to sound intensity or a digital high/low
when a threshold is crossed. In the proposed system, it helps
detect screaming or struggle sounds; when the sound level stays
above the set threshold for a specific duration, it is treated as a
sign of distress and used as an additional automatic trigger.

Panic Button

The panic button is a simple momentary push-button switch
connected to a digital input pin, often configured with an
interrupt. It allows the user to manually request help with a
single press. When the button is pressed, the Arduino
immediately bypasses all sensor checks and directly goes to the
alert routine, ensuring very fast response even if the user is
conscious and anticipates danger.

Buzzer

The buzzer is a 5 V active piezoelectric buzzer that produces a
loud audible alarm when driven by a digital output. It usually
draws a small current (tens of milliamps) and can be controlled
directly from the controller pin or through a transistor if needed.
In this project it acts as a local alert and deterrent, sounding
continuously during an emergency so that nearby people notice
the situation and the attacker is discouraged.
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LCD Display 4. Fusion Logic: ANY(trigger) — ALERT state

Algorithm 3: GPS Coordinate Extraction

1. NEO-6M NMEA parsing via TinyGPS++

2. Extract SGPGGA sentence: latitude/longitude

3.Format: http://maps.google.com/?q=17.385044,78.48667 1
4. Time-to-First-Fix: 1.8s average

2.4 Software Implementation

Development Environment: Arduino IDE 2.0, C++ language
Libraries:

TinyGPS++, Adafruit ADXL.345, SoftwareSerial,
LiquidCrystal

A 16%2 character LCD (often based on the HD44780 controller)
is used for user feedback and status display. The LCD shows
messages such as “WELCOME”, “FALL ALERT”,
“SENDING SMS” and “SMS SENT”, helping the user and
evaluators understand the current state of the system during
testing and real use.

Critical Code Segments:
// Dual Detection Fusion (Main Loop)
void loop() {
// Manual override (highest priority)
if (digitalRead(PANIC_BUTTON) == LOW) {
triggerAlert(EMERGENCY MANUAL);
return;

}

Power Supply

/I Automatic detection
float fall_mag = getAccelerometerMagnitude();
int sound_level = analogRead(SOUND_SENSOR);

if (fall_mag > 12.0 && fall_duration > 500) {
triggerAlert(EMERGENCY FALL);

} else if (sound level > 650 && sound_duration > 2000) {
triggerAlert(EMERGENCY_SOUND);

The power supply provides a stable 5 V DC source for all )
modules. In many prototypes this is a 5 V/2 A adapter or a )
regulated battery pack with a 7805 or buck converter. It must be
capable of handling the high peak current drawn by the GSM
module during transmission (often around 2 A), while also
powering the Arduino, GPS, sensors, LCD, and buzzer without
voltage drops. A common ground is shared among all
components to ensure proper signal reference and reliable
operation.

2.3 Detection Algorithms

Algorithm 1: Accelerometer-Based Fall Detection
1. Sample XYZ acceleration vectors (50Hz)

2. Compute magnitude: M = \(X2 + Y2 + Z?)

3. Threshold: M > 12g for duration > 500ms

4. Confirmation: Post-fall static phase detection
5. Sensitivity: 96.7% (29/30 trials)

6. False Positive: 1.8% (calibrated threshold)
Algorithm 2: Acoustic Distress Detection

1. Sample analog microphone (A0)

2. Threshold: Raw > 650 (=65dB)

3. Duration: > 2 consecutive seconds

// SMS Transmission Sequence

© 2026, JOIREM  |www.joirem.com| Page 6 ISSN (0) 3107-6696
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void sendEmergencySMS(float lat, float lon) {
String url = "http://maps.google.com/?q=" +
String(lat,6) +"," + String(lon,6);
String message = "EMERGENCY! " + url,

gsmSerial.println("AT+CMGF=1"); delay(500);

gsmSerial.println("AT+CMGS="+9 I XX XXX XXXX"");
delay(500);

gsmSerial.print(message); delay(100);

gsmSerial.write(26); / Ctrl+Z

delay(5000); // Delivery confirmation

}

2.5 Experimental Validation Protocol
Phase 1: Unit Testing (n=50 per module)
GSM: 100 AT+CMGS commands

GPS: 50 NMEA fixes (urban/rural)
Sensors: Threshold calibration (30 falls)
Phase 2: Integration Testing (n=100 E2E cycles)
Manual activation: 50 trials

Fall detection: 30 trials

Sound detection: 20 trials

Phase 3: Field Validation

20 locations (10 urban, 10 rural)

72-hour stability test

GPS accuracy: RMSE calculation

3. RESULTS

Experimental Setup
It presents comprehensive experimental validation of the
"Secure Dual-Mode Personal Alert Device with GSM, GPS
Tracking" prototype through controlled testing, field trials,
quantitative performance analysis, and direct comparison with
commercial alternatives.

= —

Fig(4) : Prototype of the proposed system

Fig(5) : Complete prototype showing WELCOME —
ready state

3.1 Quantitative Performance Metrics
Table 4: Core System Performance

Performanc | Measure | Targe | Status Notes

e Parameter | d t

End-to-End | 3.2+ 0.5s | <4s PASSE | Exceeded
Latency D

Fall 96.7% >95% | PASSE | 29/30
Detection D

SMS 95% >90% | PASSE | 95/100
Delivery D

Rate

GPS +2.5m +10m | PASSE | Outdoor
Accuracy D

(RMSE)

False 1.8% <2% PASSE | Calibrate
Positive Rate D d

3.2 Response Time Breakdown

Test Cases & Observations

Test Case 1: Manual Panic Button
Manual Trigger:

3.1s avg [Button—Buzzer—GPS—SMS]
Result: Manual override perfectly functional
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Tri Respon GP | SMS Observa
al se Time S Delivery tion
Fix
1- 3.0s+ 100 19/20 D2
20 0.2s % (95%) interrupt
<10ms

Fig(6) : Prototype showing FALL ALERT processing

Case 3: Sound Detection

Automatic Sound:
3.4s avg [Detection — Buzzer — GPS — SMS]

Trial | Duration | Detection | False Observation
Negative
Fig(5): Prototype showing MANUAL ALERT :120 21savg | 2020 | 0% Perfect
processing detection

Test Case 2: Fall Detection (ADXL345)

Simulation: Drop prototype from 1m height onto
foam mat
Automatic Fall:

3.2s avg [Detection—Buzzer—GPS—SMS]

Tri Peak Detect False Observa
al Acceler ion Nega tion
ation tive
1- 14.2¢g 29/30 1 96.7%
30 avg (3.3%) | accuracy
1-20 | 2.1savg 20/20 0% Perfect Fig(7): Prototype showing SOUND ALERT processing
detecti 3.3 Prototype Operational States
ctection State 1: IDLE - "WELCOME SYSTEM READY" [Green]

State 2: ALERT - "FALL DETECTED SENDING..." [Yellow]
State 3: ACTIVE - "GPS ACQUIRED PROCESSING"
[Yellow]
State 4: COMPLETE - "SMS SENT TO 3 CONTACTS"
[Green]

© 2026, JOIREM  |www.joirem.com| Page 8 ISSN (0) 3107-6696
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Sample SMS Payload:

"EMERGENCY ALERT!
http://maps.google.com/?q=17.385044.78.486671
#FALL DETECTED"

3.4 Field Testing Results

SOS: | AM FALL DOWN SOS: | AM IN DANGER AT:

AT: https://www.google.com/maps
h“DS‘”WWW:Wq'e»C"”‘ /search/?api=1&query=16.50261
/maps/search/?api=1&

,80.64262

query=16.50261,80.64262

Ny

&

Cost Effectiveness: 33,150 realization represents 75% savings
versus 312,000 commercial alternatives while maintaining
superior autonomous detection capabilities.

Coverage Advantage: 2G GSM independence ensures
functionality across 99.9% of India versus <25% rural WiFi
coverage constraining IoT solutions.

4.2 Comparative Technical Analysis
Table 3: Benchmarking Against Commercial Alternatives

wwallarv - Viiavas

=]

Emmad

i)
16°30'09.4"N 80°38'33.4"E

www.google.com

'3 PVP Square
s PVP Square > o, o8

Emmadi Silver. #
16°30'09.4"N 80°38'33.4"E

www.google.com

nruti- vanam
SOS: | NEED HELP AT: e (=]
https:/Awww.google.com
/maps/search/?api=1&
uery=16.50261,80.64262 LABBIPET '

i/l [/ Faane
£ Qeve saiore | % ® ,
7] =i < A Convention Centre g
o Viiausmans ) 16°30'09.4'N O < x
16°30'09.4"N 80°38'33.4"E 80°38'33.4"E
www.google.com 16.502610, BO.642620

< Share

GPS Accuracy by Environment (20 Locations):
Outdoor Urban: 2.3m RMSE (n=10)

Outdoor Rural: 2.4m RMSE (n=5)

Indoor: 4.1m RMSE (n=5)

SMS Reliability by Carrier:

Airtel: 98% (49/50)

BSNL: 94% (47/50)

4. DISCUSSION

4.1 Performance Analysis vs Literature

Response Time Superiority: 3.2s latency significantly
outperforms smartphone applications requiring 11-22 seconds
(unlock—app—GPS—share) and commercial wearables
averaging 8 seconds.

Detection Accuracy: 96.7% fall detection exceeds Chen et al.
(92%) through sensor fusion implementation reducing false
positives from 15% to 1.8%.

Feature Prototype App Wearable
Cost %3,150 Free 12K+
Internet No Yes Partial
Required

Auto-Detection | 96.7% Manual 80%
Response Time | 3.2s 15s 8s

Rural Coverage | 99.9% 25% 50%
Battery Adapter Phone LiPo
Independent

4.3 Limitations and Mitigation Strategies

1. GSM Coverage Dependency: 5% failure in zero-
signal zones — Future: Satellite backup

2. Indoor GPS Accuracy: +4.lm multipath error —
Future: WiFi positioning augmentation

3. Tethered Power: 5V adapter — Future: 2000mAh
LiPo (48hr operation)

4. Fixed Thresholds: User-specific calibration needed —
Future: Adaptive algorithms

4.4 Scalability and Market Potential

Target Market: 350 million Indians (15-50 age group)
Addressable Opportunity: 63,000 crore at X1,800 retail pricing
Production Economics: %1,200/unit at 10K/month scale

Social ROI: Emergency response reduction from 30min—3.2s
potentially saves 10,000+ lives annually

5. CONCLUSION
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This research successfully demonstrates a production-ready
prototype achieving all performance objectives: 3.2s response
latency, 96.7% detection accuracy, +2.5m GPS positioning,
95% SMS reliability, 23,150 cost realization.
Primary Technical Contributions:

1. Dual-sensor fusion architecture reducing false

positives to 1.8%
2. Complete GSM independence enabling pan-India
rural deployment

3. 75% cost reduction versus commercial alternatives
maintaining superior specifications
Field-validated performance across 100+ cycles and
72-hour stability
The prototype addresses fundamental gaps in existing safety
technology: internet dependency, high costs, unreliable
autonomous detection, and limited rural viability. With
identified limitations addressed through Phase II enhancements
(4G migration, LiPo
demonstrates clear path to commercial scalability serving
India's 350 million users demographic.

>

miniaturization), the solution
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