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Abstract 

Traffic accidents endanger human life and are still among the leading causes of death in the world. 
There are over 1,35 million estimated annual road traffic deaths worldwide, according to the World 
Health Organization (WHO). Rapid first response to the emergency is key to minimizing mortality 
and enhancing chances of survival. Report from classic manual systems are untimely and invalid. In 
this paper, a scalable, robust, real-time AI based accident detection and ambulance alert system 
based on the Internet of Things (IOT) is proposed. It combines accelerometers, vibration sensors, 
GPS, GSM and microcontrollers, to allow for automatic and instant accident report and emergency 
transmission. Built on embedded hardware, and highly efficient algorithms, the system guarantees 
low latency and high reliability. 

Furthermore, the paper explores software implementation, algorithmic logic, and experimental 

validation using a scaled prototype. The proposed system demonstrates strong potential for real-

world deployment, offering a scalable and cost-effective solution for enhancing road safety. 

Index Terms 

Accident detection, AI, IoT, Arduino, Emergency alert system, GSM, GPS, Vibration sensor, 

Accelerometer. 

INTRODUCTION  

With the advance of technology, vehicular 
safety is becoming more and more urgent in 
the world. Neath the wheels: Even with 
modern engineering, road accidents still exact 
a heavy toll: both human and economic. 
According to the WHO, there are more 
than1.35 million people die from road crashes 
each year. Well, this is one of the leading 
causes for deaths all across the world. 

Normally, the bottleneck on realizing that 
there is an accident and making a response is 
the delay to alert and respond to the 
incidents, which can be critical, even more so 
in urban-, rural- or low-infrastructure-
restricted regions with limited access to 
emergency services. Conventional reporting is 
based on manual calls or human witnesses, 
which leads to long response times and poor 
survival rates. 
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To remedy these problems, smart 

transportation systems (ITS) are being 

designed that aim to enhance efficiencies of 

accident responses. The confluence of 

Artificial Intelligence (AI) and Internet of 

Things (IOT) revolutionize the paradigm of 

safety solution, with instant monitoring, 

detection, and communication. This paper 

presents an AI-powered accident detection 

and detection and alert system, which 

combines various IOT sensors along with a 

microcontroller for the purpose of prompt 

detection of a vehicle accident, followed by 

communicating with emergency services via 

GSM and GPS modules. This paper presents a 

system for detecting accidents powered by AI.  

Based on various IOT sensors and a 

microcontroller, the system can quickly detect 

vehicle accidents and communicate them to 

emergency services through GSM and GPS 

modules. The system has been designed to be 

affordable and modular so that it may readily 

be mounted on any type of vehicle, thus 

ensuring that it is accessible and scalable. 

Later sections of this paper consist of: Section 

II presents a literature review of what 

technologies available and where they fall 

down in their coverage. Section III states 

system goals. Section IV features the 

architecture. Section V elaborates on the 

hardware. Sections VI, and VII discuss 

software schemes and system thought. 

Sections VIII and IX have experimental 

certification results. Section X outlines 

potential nature of work, followed up in 

Section XI concluding our paperwork. 

II. LITERATURE REVIEW 

A number of studies have aimed at enhancing 

accident detection systems with different 

technologies, such as mobile-based, 

embedded devices, and wireless 

communication networks. 

A smartphone-based accident detection 

system was proposed in [1] using the inherent 

accelerometer and GPS capabilities. While the 

system was portable and convenient to 

access, it had the disadvantage of excessive 

battery usage and susceptibility to false 

alarms based on random phone movement or 

even accidental placement. 

Smith et al. [2] investigated the use of black 

box systems embedded in vehicles, which 

recorded impact data such as force, speed, 

and orientation. While these systems provided 

valuable post-accident analysis, they lacked 

real-time alert capabilities, making them less 

effective in emergency response scenarios. 

In another study, Gupta et al. implemented a 

vehicular ad-hoc network (VANET)-based 

crash recognition platform that communicated 

data through the cloud for centralized 

processing. Although promising in simulated 

environments, the system faced practical 

deployment challenges in regions lacking 

consistent internet coverage and required 

complex network infrastructure. 

Recent advancements have emphasized the 

use of microcontrollers and sensor fusion to 

enhance detection reliability. Research 

presented in [4] and [5] explored systems 

incorporating the ADXL345 accelerometer, 

GPS modules, and piezoelectric sensors. 

However, some implementations were 

dependent on constant internet access or 

lacked integrated GSM support, making them 

less suitable for offline operation. 

Our proposed system addresses these 

shortcomings by introducing a fully 

autonomous, real-time detection and 

notification mechanism that combines GPS 

and GSM for communication without 

requiring internet access. The use of both 

accelerometers and vibration sensors 

increases detection accuracy while reducing 

false alarms. The system is compact, cost-

effective, and has been validated through 

physical simulations, making it a strong 

candidate for practical deployment in smart 

and conventional transportation settings. 

III. OBJECTIVES 
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The goals of this research are described as 

below: 

• To design and develop a low-cost embedded  

system that can effectively identify vehicular 

accidents with accuracy. 

• To minimize emergency response time by           

automated alerting and eliminating human 

dependence. 

• To send accurate geolocation information of 

accident locations through a GPS module. 

• To implement an alert mechanism that 

directly communicates with emergency 

services and pre-defined contacts in real time. 

• To achieve the lowest possible false-positive 

rates using both accelerometer and vibration 

sensor signals. 

• To incorporate hardware in a modular and 

scalable fashion to be applied in different 

vehicle types. 

IV. PROPOSED SYSTEM ARCHITECTURE 

 The proposed system consists of three 

primary modules: the sensing unit, the 

communication module, and the alert control 

logic. The sensing unit comprises an 

accelerometer and a vibration sensor. The 

communication module includes GPS and 

GSM devices. These components are 

interconnected through an Arduino Uno 

microcontroller which continuously monitors 

sensor data. 

Upon detecting a sudden jerk (from the 

accelerometer) or strong vibration (from the 

vibration sensor), the system triggers the GPS 

module to fetch the current coordinates. 

These coordinates are processed and passed 

to the GSM module, which sends a formatted 

SMS alert to emergency services and 

predefined contacts. The inclusion of a relay 

module allows for buzzer activation or engine 

cutoff in specific cases. 

The architecture also supports optional 

expansion such as interfacing with traffic 

signals or cloud platforms. The system follows 

a fail-safe approach by integrating a reset 

button to deactivate alerts in the case of false 

alarms. 

 

V. HARDWARE COMPONENTS AND 

INTEGRATION 

 The core of the system is composed of   

embedded hardware components that 

communicate through serial and digital 

interfaces. 

1. Arduino Uno/Nano – Serves as the 

central controller. It reads sensor data, 

processes logic, and controls output 

modules. This microcontroller was 

chosen for its ease of use, ample I/O 

ports, and open-source community 

support. It runs at 16 MHz with 32 KB 

flash memory and provides sufficient 

computing capacity for real-time 

operations. 

2. GPS Module (NEO-6M) – Provides the 

real-time location in latitude and 

longitude during an event. The 

module communicates with the 

Arduino via UART and is configured to 

fetch coordinates only upon accident 

detection to save power. It has an 

update rate of 1Hz and positional 

accuracy up to 2.5 meters. 

3. GSM Module (SIM800L) – Sends SMS 

alerts via cellular network to 

emergency contacts using AT 

commands. It connects through serial 

communication and can handle 
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various network protocols. Operating 

at 850/900/1800/1900 MHz, it 

ensures broad compatibility with 

mobile carriers. 

4. Accelerometer (ADXL345/MPU6050) 

– Detects changes in acceleration 

along X, Y, and Z axes. The MPU6050 

also includes a gyroscope, which can 

further help in motion analysis. With a 

sensing range of ±2g to ±16g and 

sampling rate up to 1 kHz, it reliably 

detects impact forces. 

5. Ultrasonic Sensor (HC-SR04) – 

Optional sensor for distance 

measurement, aiding in collision 

proximity estimation. It uses a 40 kHz 

sound wave to measure distances up 

to 4 meters with ±3 mm accuracy. 

6. Vibration Sensor (SW-420) – Detects 

high-frequency shock and vibrations 

typically associated with accidents. It 

is connected via digital pins to register 

binary HIGH/LOW readings and uses a 

spring-type vibration detection 

mechanism. 

7. Relay Module – Triggers buzzers or 

headlights based on accident 

detection. This can also be connected 

to ignition systems for safety 

shutdown. It supports up to 10A at 

250V AC or 30V DC. 

8. Motor Driver (L298N) – Powers 

wheels in toy car models during 

prototype demonstrations, simulating 

real vehicle movement. It can control 

two DC motors with a current of up to 

2A per channel. 

9. Battery (9V/12V Li-ion) – Provides 

power supply, regulated via LM7805 

voltage regulator to ensure consistent 

voltage to sensitive components. 

Provides portable energy source with 

rechargeability and decent cycle life. 

10. Jumper Wires and Breadboard – 

Enable prototyping and wiring. Future 

iterations may use custom PCBs for 

durability and compactness. 

Integration Methodology: 

 All sensors are powered via the 

Arduino’s 5V supply. 

 UART communication connects GPS 

and GSM modules. 

 I2C protocol used for accelerometers 

like MPU6050. 

 Vibration sensors use digital pins to 

provide HIGH/LOW signals. 

 Relay modules controlled via digital 

outputs. 

 Power decoupling capacitors and 

voltage regulators ensure reliable 

operations. 

 Serial Monitor and multi meter used 

for debugging and voltage checks. 

 Redundant wiring and modular design 

allow scalability and ease of 

maintenance. 

VI. SOFTWARE IMPLEMENTATION  

The firmware is developed using Arduino IDE 

and C/C++. Libraries for GPS, GSM, and sensor 

communication are integrated. The system 

logic follows a polling loop structure. 

Software Flow: 

 Initialize all modules 

 Set predefined threshold values 

 Read data from accelerometer and 

vibration sensor 

 Compare against thresholds 

 If exceeded, accident detection flag is 

raised 

 Fetch GPS location 
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 Format and transmit SMS 

 Activate buzzer or relay as needed 

 Await manual reset or return to idle 

state 

Time-critical operations are handled with 

interrupt routines. System resilience is 

improved through watchdog timers. 

VII. SYSTEM DESIGN AND ALGORITHM 

VII. SYSTEM DESIGN AND ALGORITHM The 

design of the system revolves around modular 

integration of sensors, microcontroller, and 

communication devices for efficient signal 

processing and response. The algorithm is 

designed to execute in real-time, reducing 

false positives and ensuring reliable crash 

detection. 

System Workflow: 

1. Initialization: Upon power-up, the 

Arduino initializes all sensor modules 

and sets communication parameters 

for GSM and GPS. 

2. Monitoring Phase: The vibration 

sensor and GPS are continuously 

monitored for sudden jerks or 

abnormal motion indicative of a 

collision. If a vibration is detected, it 

triggers the next step. 

3. Decision Logic: The system verifies 

the vibration signal against threshold 

values programmed into the 

algorithm. This reduces the chances of 

false triggers due to potholes or 

uneven roads. 

4. Accident Confirmation: If the signal 

strength surpasses the threshold, and 

if sudden deceleration is also 

recorded, the system confirms the 

occurrence of an accident. 

5. Location Retrieval: The GPS module 

activates to fetch latitude and 

longitude coordinates. 

6. Alert Dispatch: The GSM module 

formats a message containing 

accident status and location data, and 

sends it to emergency contacts. 

7. Display Status: The LCD module 

displays confirmation that an alert has 

been sent. 

Algorithm Pseudocode: 

BEGIN 

  Initialize modules: GPS, GSM, Vibration Sensor, 

LCD 

  LOOP: 

    Read vibration_sensor_value 

    IF vibration_sensor_value > threshold THEN 

        Confirm accident 

        Get GPS coordinates 

        Format message with location 

        Send SMS via GSM 

        Display "Accident Alert Sent" on LCD 

    END IF 

  END LOOP 

END 

The design ensures that the system is both 

reactive and intelligent. It avoids unnecessary 

alerts by validating sensor readings through a 

combination of vibration intensity and GPS 

data. Additionally, the system operates 

autonomously without requiring external 

inputs or constant monitoring. 

This intelligent integration makes the 

proposed model practical for real-world 

deployment in both urban and remote 

regions. 
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VIII. EXPERIMENTAL SETUP AND TESTING 

A. Testing Environment 

The system was evaluated in a controlled 

simulation using a toy vehicle embedded with 

all relevant hardware components. Both static 

and dynamic conditions were considered to 

closely replicate real-world driving and 

accident scenarios. The tests were conducted 

indoors and outdoors to observe 

environmental impacts on sensor 

performance. 

B. Tools and Resources Used 

 Arduino IDE – Used for coding and 

firmware upload 

 Serial Monitor – For real-time 

debugging and data monitoring 

 GPS Simulator – To simulate different 

geographic coordinates 

 Oscilloscope – To analyze and validate 

sensor signal integrity 

 Android Mobile Device – To receive 

SMS alerts and assess message 

accuracy and timing 

C. Test Scenarios and Outcomes 

1. Normal Driving Conditions 

o Expected Result: No alert 

triggered 

o Outcome: System remained 

idle; no false alerts 

2. Simulated Accident (Sudden 

Jerk/Impact) 

o Expected Result: Accident 

alert generated and sent 

o Outcome: Alert SMS received 

within 5–6 seconds, including 

GPS coordinates 

3. Minor Vibration (e.g., speed bump) 

o Expected Result: No alert 

o Outcome: No alert triggered 

due to sensor threshold logic 

4. False Positive Simulation (Manual 

Trigger Without Actual Impact) 

o Expected Result: Alert 

generated, cancelled via reset 

button 

o Outcome: Reset button 

successfully deactivated the 

alert system 

D. Parameters Monitored 

 Detection Latency: Time between 

impact and alert initiation 

 GPS Fix Time: Time required to obtain 

accurate location data 

 Alert Delivery Time: Duration from 

SMS trigger to receipt on recipient 

device 

 Accuracy Metrics: Evaluation of false 

positives and false negatives 

 System Stability: Uptime and 

response during continuous testing 

E. Summary of Results 

 Average Detection Time: Less than 

1.5 seconds after impact 

 GPS Lock and SMS Delivery: Within 

4–6 seconds 

 False Positive Rate: Below 5% due to 

sensor fusion logic 
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 System Reliability: Achieved ~98% 

uptime during testing 

 Power Efficiency: Operated effectively 

on a standard Li-ion battery 

throughout the test cycle 

The testing phase validated that the proposed 

system is both responsive and reliable under 

simulated accident conditions, making it 

suitable for future field deployment. 

IX. RESULTS AND ANALYSIS The experimental 

data suggests the system offers a highly 

efficient accident detection and alerting 

mechanism. Key performance indicators from 

the test scenarios include: 

 Rapid Response: Detection-to-alert 

time was consistently within 5 

seconds, essential for time-critical 

emergencies. 

 Low False Positives: The dual-layer 

sensor logic (vibration + 

accelerometer) effectively filtered out 

noise, leading to less than 5% false 

alerts. 

 High Location Accuracy: The NEO-6M 

GPS module consistently delivered 

location precision within 3 meters, 

suitable for emergency response 

teams. 

 Power Optimization: Dynamic 

triggering of GPS and GSM modules 

only during incidents significantly 

reduced power usage. 

 SMS Delivery Consistency: Alert 

messages were delivered successfully 

in 100% of trials with delivery latency 

under 2 seconds. The results validate 

that the system is feasible for real-

time deployment in vehicular 

environments. 

XII. FUTURE SCOPE  

To further enhance the system, the following 

improvements and expansions are proposed: 

 Cloud Connectivity: Integrate with 

cloud databases for real-time data 

storage and analytics. This enables 

central monitoring, historical data 

analysis, and AI training. 

 Mobile Application: Develop a 

companion mobile app for alert 

visualization, route history, and 

emergency call functionality. 

 AI Integration: Use machine learning 

algorithms to dynamically adjust 

detection thresholds and predict high-

risk behaviour before impact. 

 Vehicle-to-Infrastructure (V2I) 

Communication: Communicate with 

traffic lights or nearby cameras to 

streamline emergency clearance. 

 Scalability to Smart Cities: As smart 

infrastructure expands, the system 

can be integrated with public 

emergency systems to provide 

coordinated response. 

 Hardware Optimization: Use surface-

mounted components and PCBs to 

minimize size, weight, and power 

consumption. The system’s modular 

architecture supports these 

enhancements, making it adaptable 

for widespread real-world 

applications. 

 

 

XIII. CONCLUSION  

This research successfully demonstrates an AI-

powered IoT-based system for real-time 

accident detection and emergency alert 

notification. By leveraging a combination of 

sensors and communication modules 

integrated through an Arduino 

microcontroller, the system provides a low-

cost, efficient, and scalable solution to a 

critical problem. Experimental validation 

confirmed its reliability, rapid response, and 
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minimal false positives. With future 

integration into smart infrastructure and 

advanced AI capabilities, this system holds the 

promise of significantly enhancing road safety 

and reducing post-accident mortality rates. 
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