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Abstract—Road accidents remain one of the leading 

causes of mortality worldwide, especially in developing 

countries. Major contributing factors include drunk 

driving, delayed emergency response, and lack of 

structured accident data recording systems in non-luxury 

vehicles. This paper presents an IoT-based Smart Vehicle 

Black Box and Accident Prevention System designed to 

enhance road safety through automatic accident 

detection, alcohol monitoring, GPS-based emergency 

alerting, and structured event data recording.  

  

The proposed system integrates an ESP32 microcontroller 

with MPU6050 motion sensor, MQ-3 alcohol sensor, GPS 

NEO-6M module, GSM SIM800L communication 

module, and SD card storage for black box functionality. 

Upon accident detection, realtime alerts containing GPS 

coordinates are transmitted to emergency contacts.  

  

Additionally, engine ignition is prevented if alcohol levels 

exceed predefined thresholds. Experimental validation 

confirms reliable detection, low latency alert propagation, 

and secure data logging. The system provides a cost-

effective, scalable, and deployable safety solution for 

common vehicles.  

  

Keywords—IoT; Vehicle Black Box; Accident Detection; 

Alcohol Sensor; ESP32; GPS Tracking; GSM Alert 

System; Road Safety.  

 

I. INTRODUCTION 

 

Rapid growth in vehicle usage has significantly 

increased road accidents. In India, major causes 

include over-speeding, drunk driving, and delayed 

emergency assistance. Conventional vehicles lack 

intelligent safety systems such as automatic accident 

alerts and event data recorders. Luxury vehicles may 

include advanced safety mechanisms, but common 

vehicles do not. Furthermore, absence of structured 

accident data makes post-incident investigation 

difficult.  

This research proposes a Smart IoT-Based Vehicle 

Black Box System integrating:  

• Real-time accident detection  

• Alcohol prevention mechanism  

• GPS-based emergency alert transmission  

   

The objective is to reduce accident fatalities, prevent 

drunk driving, and improve post-accident analysis 

capability.  

Another major cause of accidents is drunk driving. 

Despite strict regulations and awareness campaigns, 

alcohol consumption while driving remains a 

persistent issue. Conventional vehicles do not include 

built-in alcohol detection systems capable of 

preventing ignition when intoxication levels exceed 

safety limits. As a result, accidents caused by 

impaired driving continue to rise.  

  

 A preventive mechanism integrated directly into the 

vehicle ignition system can significantly reduce such 

incidents. This research proposes an IoT-Based Smart 

Vehicle Black Box and Accident Prevention System 

that integrates accident detection using motion 

sensors, alcohol-based ignition prevention, GPS-

based emergency alerting, and structured black box 

data storage within a unified architecture. Unlike 

existing isolated safety mechanisms, the proposed 

system combines prevention, detection, 

communication, and data logging into a single 

deployable and affordable framework suitable for 

common vehicles.  

   

II.LITERATURE REVIEW 

 

The development of intelligent vehicle safety systems 

has gained significant research attention due to the 

increasing number of road accidents worldwide. 

Several studies have explored accident detection, 

vehicle monitoring, alcohol sensing, and black box 

recording using IoT technologies.  

  

Early research in accident detection systems primarily 

focused on vibration sensors and accelerometers to 

detect sudden impacts. Zanella et al. emphasized the 

importance of IoT frameworks for smart mobility 

applications, highlighting how distributed sensor 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 201290           INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY             9873 

networks can enable real-time monitoring and rapid 

response systems in transportation environments. 

However, many early implementations lacked reliable 

communication modules for emergency notification 

Several researchers proposed accelerometer-based 

accident detection systems using microcontrollers 

integrated with GPS modules. These systems detect 

sudden changes in acceleration and transmit location 

data via GSM modules. Although effective in 

detecting collisions, many of these systems rely on 

simple threshold algorithms, which may generate 

false positives during sudden braking or rough road 

conditions. Additionally, most of these models do not 

incorporate structured post-accident data storage 

mechanisms.  

  

Recent advancements combine IoT-based monitoring 

platforms with cloud integration. Researchers have 

utilized GSM, GPRS, and IoT dashboards (such as 

Blynk or Firebase) to provide remote tracking and 

emergency notification services. These systems 

enhance communication reliability but often depend 

on cloud connectivity, which may be unstable in rural 

or remote areas.  

 

TABLE 1: COMPARISON OF EXISTING 

VEHICLE SAFETY APPROACHES  

Focus Area  Strength  Limitation  

Accident 

Detection using  

Accelerometer + 

GPS  

Real-time 

collision 

detection and 

location 

tracking  

No alcohol 

prevention, 

limited data 

logging  

Alcohol 

Detection 

System  

Prevents drunk 

driving  

using MQ-3 

sensor  

No accident 

detection or 

emergency alert  

Vehicle Black  

Box System  

Structured post-

accident data 

recording  

No real-time 

emergency 

communication  

IoT Vehicle 

Tracking System  

Continuous  

GPS monitoring 

and cloud 

access  

Does not detect 

accidents 

automatically  

AI-Based  

Accident  

Prediction  

Advanced 

severity 

classification  

High 

computational  

requirement, 

costly 

implementation  

GSM-based  

Alert System  

Simple 

SMSbased 

emergency 

notification  

No prevention 

mechanism or  

structured black 

box  

Table 1 presents a comparative overview of existing 

vehicle safety systems. It can be observed that most 

prior research focuses on individual functionalities 

such as accident detection, alcohol monitoring, GPS 

tracking, or black box data storage. However, these 

systems often lack integrated prevention, detection, 

communication, and structured logging capabilities 

within a unified architecture. Furthermore, many 

advanced AI-based systems require significant 

computational resources, limiting their affordability 

and large-scale deployment in developing regions.  

 

TABLE 2: RESEARCH GAP ANALYSIS 

Aspect  
Existing  

Research  

Identified 

Gap  

Proposed  

Work  

Accident  

Detection  

Thresholdbase

d  

accelerometer 

systems  

High  

false  

positives, 

no 

integrated 

prevention  

Integrated  

MPU6050base

d  

detection  

with alert 

workflow  

Alcohol 

Monitoring  

Buzzer-based 

alert only  

Does not 

prevent 

ignition  

Engine 

ignition  

control using 

relay 

mechanism  

Emergency  

Communicatio

n  

GSM-based  

SMS alerts  

No  

structure  

  

Automated 

real-time  

GPS-based 

alert  

transmission  

Black Box  

Recording  

Limited 

parameter 

storage  

No  

integrated 

alert 

linkage  

Structured 

logging of  

time, GPS, 

alcohol, 

motion data  

System  

Integration  

Isolated safety 

modules  

Lack of 

unified 

architectur

e  

Modular IoT-

based 

integrated 

safety 

framework  

Scalability  Prototype 

Limited 

deploymen

t readiness  

Costeffective 

and scalable  

ESP32-based 

design  
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Table 2 highlights the identified research gaps in 

existing vehicle safety systems. Most prior 

implementations focus on single-function safety 

modules without combining prevention, detection, 

communication, and structured data logging into one 

integrated framework. Additionally, many systems do 

not actively prevent drunk driving through ignition 

control. The proposed IoT-based Smart Vehicle Black 

Box and Accident Prevention System addresses these 

gaps by introducing a unified, modular architecture 

capable of real-time monitoring, automated 

emergency alerting, and structured accident data 

recording.  

 
Fig. 1. Overall Hardware Architecture of the 

Proposed IoT Based Smart Vehicle Black Box System 

  

III. CONTRIBUTIONS 

 

This research contributes a unified, modular, and 

deployable IoT-based vehicle safety framework 

designed to improve accident prevention, enhance 

emergency response efficiency, and support 

structured post-incident analysis. Unlike 

conventional single-function safety prototypes, the 

proposed system integrates accident detection, 

alcohol-based ignition control, real-time GPS alert 

transmission, and black box data recording within a 

single embedded architecture. The framework 

combines multiple safety mechanisms into a compact 

and intelligent solution, enabling proactive risk 

reduction and rapid emergency communication. 

Furthermore, the modular design ensures scalability, 

cost-effectiveness, and ease of deployment in real-

world transportation environments, making the 

system suitable for future smart vehicle safety 

applications. 

The primary contribution of this work lies in the 

integration of prevention, detection, communication, 

and data logging mechanisms into a cost-effective 

ESP32-based platform. Existing systems often 

address only one or two safety aspects independently; 

however, the proposed design ensures coordinated 

operation among all safety modules. This integrated 

approach improves operational reliability and reduces 

dependency on external infrastructure.  

  

Another significant contribution is the 

implementation of an active alcohol prevention 

mechanism. While many previous studies use alcohol 

sensors for warning purposes only, the proposed 

system incorporates a relay-controlled ignition 

disabling feature. This ensures that vehicle operation 

is physically restricted when alcohol concentration 

exceeds predefined safety thresholds, thereby 

reducing the probability of drunk driving incidents.  

  

The research further introduces a structured vehicle 

black box logging framework that continuously 

records critical accident-related parameters such as 

timestamp, GPS coordinates, alcohol sensor readings, 

and motion sensor values. Unlike basic alert-only 

systems, the proposed architecture supports reliable 

post-accident investigation and legal evidence 

documentation through secure SD card storage. 

 

In addition, the system incorporates a real-time 

emergency communication module capable of 

transmitting locationbased alerts to emergency 

contacts using GSM technology.  

 
The alert propagation mechanism is designed to 

minimize response delay, thereby improving survival 

rates during the Fig. 2. Embedded System Hardware 

Architecture for Vehicle Safety Framework  

  

From an architectural perspective, the proposed 

framework follows a modular design, separating 

sensing, processing, communication, and storage 

layers. This structured decoupling improves 

scalability, maintainability, and future extensibility. 

The system is IoT-ready and can be expanded to 

include cloud storage, machine learning-based 

severity classification, Vehicle-to-Vehicle (V2V) 

communication, and smart city infrastructure 

integration without structural redesign.  
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Furthermore, this research demonstrates that 

advanced vehicle safety mechanisms can be 

implemented using low-cost embedded components, 

making the solution suitable for nonluxury vehicles in 

developing regions. This affordability-driven design 

significantly enhances practical deployment 

feasibility compared to computationally intensive AI-

based systems.  

  

IV. PROPOSED FRAMEWORK 

  

The proposed IoT-Based Smart Vehicle Black Box 

and Accident Prevention System is designed as a 

modular, embedded, real-time vehicle safety 

architecture integrating sensing, processing, 

communication, and storage layers. The framework 

ensures continuous monitoring of vehicle dynamics 

and driver condition while enabling automated 

emergency response and structured accident data 

recording.  

  

The system architecture is centered around the ESP32 

microcontroller, which serves as the core processing 

and control unit. The ESP32 was selected due to its 

high computational capability, low power 

consumption, integrated Wi-Fi/Bluetooth features, 

and suitability for IoT applications. The architecture 

follows a layered modular structure to enhance 

scalability, maintainability, and fault isolation. A. 

Architectural Overview  

The proposed framework consists of five major 

functional modules:  

1. Sensing Layer  

2. Processing and Decision Layer  

3. Communication Layer  

4. Black Box Data Logging Layer  

5. Actuation and Control Layer  

Each module operates independently but 

communicates through structured data flow 

controlled by the ESP32 microcontroller.  

1. Sensing Layer  

C. The sensing layer continuously monitors vehicle 

motion and driver condition using the following 

sensors: D. 1) Accident Detection Sensor – MPU6050  

The MPU6050 is a 6-axis motion tracking sensor 

integrating:  

3-axis accelerometer  

3-axis gyroscope  

It continuously measures:  

Linear acceleration (X, Y, Z axes)  

Angular velocity  

Vehicle tilt and orientation  

Accident detection is performed using threshold-

based analysis of acceleration magnitude:  

 

𝐴𝑡𝑜𝑡𝑎𝑙 = √𝐴2𝑥 + 𝐴2𝑦 + 𝐴𝑧2  

  

If the total acceleration exceeds a predefined impact 

threshold, the system classifies the event as a 

collision.  

The gyroscope data assists in rollover detection and 

abnormal angular displacement measurement, 

improving detection reliability compared to simple 

vibration sensors.  

  

2) Alcohol Detection Sensor – MQ-3  

The MQ-3 alcohol sensor detects ethanol vapor 

concentration in the driver's breath. The sensor 

output voltage varies proportionally with alcohol 

concentration.  

If:  

𝐴𝑙𝑐𝑜ℎ𝑜𝑙 𝐿𝑒𝑣𝑒𝑙 > 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑  

The system disables vehicle ignition through relay 

control. This ensures proactive drunk driving 

prevention rather than passive warning.  

  

3) GPS Tracking Module – NEO-6M  

The NEO-6M GPS module provides:  

• Latitude  

• Longitude  

• Speed  

• UTC Time  

Upon accident detection, real-time coordinates are 

captured and included in the emergency alert 

message.  

2. Processing and Decision Layer  

The ESP32 microcontroller functions as the system’s 

central intelligence unit. It performs:  

• Continuous sensor data acquisition  

• Threshold comparison algorithms  

• Alcohol detection validation  

• Accident classification logic  

• Emergency alert triggering  

• Data logging coordination  

The decision workflow follows this sequence:  

1. Sensor data acquisition  

2. Validation and filtering  

3. Threshold evaluation  

4. Event classification  

5. Action triggering  

The modular logic ensures that alcohol detection and 

accident detection operate independently but can 

simultaneously activate communication and storage 

processes.  
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3. Communication Layer  

The communication layer is responsible for 

emergency notification and IoT connectivity.  

• GSM SIM800L Module  

When an accident is detected:  

• The ESP32 triggers the GSM module.  

• Accident notification  

• GPS coordinates  

• Timestamp  

The total alert delay can be modeled as:  

𝑇𝑎𝑙𝑒𝑟𝑡 = 𝑇𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 + 𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔 + 

𝑇𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛  

  

Where:  

• 𝑇𝑑𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛= Sensor response time  

• 𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔= Microcontroller computation 

time  

• 𝑇𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛= GSM message delivery time  

Under testing conditions, the system maintained 

alert transmission within a few seconds.  

 

4. BLACK BOX DATA LOGGING LAYER  

The black box module continuously records 

structured vehicle event data using an SD card 

module for reliable storage and retrieval. The 

recorded parameters include timestamp, alcohol 

sensor value, acceleration values along the X, Y, and 

Z axes, angular velocity, GPS coordinates, and 

accident status flag. This continuous monitoring 

mechanism enables comprehensive tracking of 

vehicle behavior and driver condition during 

operation. 

 

The logging mechanism is designed to ensure data 

persistence even after sudden power interruption, 

thereby preserving critical information during 

accidents or system failures. The recorded data is 

stored in a structured CSV or formatted file system, 

allowing efficient organization, readability, and future 

analysis. In addition, the stored records provide 

valuable support for post-accident forensic analysis 

by enabling investigators to reconstruct the sequence 

of events leading to a collision. 

Unlike conventional notification-only safety systems, 

the proposed structured logging framework offers 

extended functionality by supporting legal evidence 

documentation and insurance claim investigations. 

This capability significantly enhances the reliability, 

accountability, and practical applicability of the 

proposed IoT-based vehicle safety system in real-

world scenarios. 

 

5. Actuation and Control Layer  

The actuation layer ensures physical intervention 

capability.  

• Relay-Based Ignition Control When alcohol 

exceeds threshold:  

• The relay disconnects engine ignition circuit.  

• Engine start is prevented.  

 

This active control mechanism significantly improves 

safety compared to alarm-only systems.  

 

Additionally, a buzzer is activated during accident 

detection to alert nearby individuals.  

 

6. Modular Design and Scalability  

The framework follows a modular architecture 

enabling:  

• Independent module upgrades  

• Future AI-based accident classification  

• Cloud-based storage integration  

• Vehicle-to-Vehicle (V2V) expansion  

• Smart city infrastructure connectivity  

The separation of sensing, processing, 

communication, and logging layers ensures system 

stability even if one module fails.  

 

7. Operational Workflow Summary  

The overall system operation can be summarized as:  

1. Alcohol check before ignition  

2. Continuous motion monitoring  

3. Accident threshold evaluation  

4. Immediate emergency alert transmission  

5. Structured black box data logging  

6. System reset after event handling  

This integrated framework ensures prevention, 

detection, communication, and documentation within 

a unified IoT-based vehicle safety ecosystem.  

                  

V. SYSTEM REQUIREMENTS 

  

The proposed IoT-Based Smart Vehicle Black Box 

and Accident Prevention System is designed to meet 

both functional and non-functional requirements 

necessary for reliable realtime vehicle safety 

monitoring, emergency communication, and 

structured data logging. The system must operate 

efficiently under dynamic driving conditions while 

ensuring safety, accuracy, and scalability.  

  

From a functional perspective, the system must 

continuously monitor vehicle motion parameters 

using the MPU6050 accelerometer and gyroscope 



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002 

IJIRT 201290           INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY             9877 

sensor to detect sudden impacts, abnormal 

acceleration, and rollover conditions. The detection 

mechanism must be capable of distinguishing 

between normal driving disturbances and actual 

collision events through threshold-based evaluation. 

Upon identifying an accident, the system should 

immediately trigger the emergency communication 

module and activate the data logging process without 

requiring human intervention.  

 

The system must also incorporate an alcohol detection 

mechanism using the MQ-3 sensor to measure ethanol 

concentration in the driver’s breath before vehicle 

ignition. If the detected alcohol level exceeds a 

predefined safety threshold, the ignition system must 

be automatically disabled through a relay-based 

control mechanism. This ensures proactive prevention 

of drunk driving rather than merely issuing warnings. 

Only when the alcohol level falls within acceptable 

limits should the vehicle ignition be permitted.  

  

The system must also incorporate an alcohol detection 

mechanism using the MQ-3 sensor to measure ethanol 

concentration in the driver’s breath before vehicle 

ignition. If the detected alcohol level exceeds a 

predefined safety threshold, the ignition system must 

be automatically disabled through a relay-based 

control mechanism. This ensures proactive 

prevention of drunk driving rather than merely issuing 

warnings. Only when the alcohol level falls within 

acceptable limits should the vehicle ignition be 

permitted.  

 

Another essential functional requirement is real-time 

emergency alert transmission. Once an accident is 

detected, the system must acquire accurate GPS 

coordinates using the NEO6M module and transmit 

an emergency notification via the GSM SIM800L 

communication module. The alert message should 

include the accident notification, timestamp, and 

precise location details to ensure rapid response from 

emergency services and registered contacts.  

 

Furthermore, the system must remain cost-effective 

and energy-efficient to allow deployment in 

nonluxury vehicles. The use of low-cost embedded 

components such as the ESP32 ensures affordability 

while maintaining sufficient computational 

capability. Power consumption must remain within 

acceptable limits so that the system does not 

significantly impact vehicle battery performance.  

 

Overall, the proposed system requirements establish a 

balanced foundation combining real-time detection, 

preventive control, reliable communication, 

structured data logging, scalability, and affordability, 

ensuring practical deployment readiness for 

intelligent vehicle safety applications.  

                

VI.  DATA FLOW MODEL 

  

The data flow model of the proposed IoT-Based 

Smart Vehicle Black Box and Accident Prevention 

System is designed to ensure structured, real-time 

communication between sensing modules, processing 

unit, communication interface, and storage 

components. The system follows a sequential yet 

modular data pipeline that guarantees synchronized 

monitoring, decision-making, alert transmission, and 

event recording.  

 

The data acquisition process begins at the sensing 

layer, where the MPU6050 accelerometer and 

gyroscope continuously measure vehicle acceleration 

and angular velocity across three axes. 

Simultaneously, the MQ-3 alcohol sensor monitors 

ethanol concentration in the driver’s breath prior to 

ignition. The GPS NEO-6M module operates in 

parallel, periodically acquiring geographic 

coordinates and timestamp information. All sensor 

outputs are transmitted to the ESP32 microcontroller 

through appropriate communication protocols such as 

I2C and UART.  

 

Once the raw sensor data is acquired, the ESP32 

performs preprocessing and validation. Motion data is 

filtered and analyzed using thresholdbased evaluation 

to determine whether abnormal acceleration or 

rollover conditions indicate a collision event. The 

alcohol sensor reading is compared against a 

predefined safety threshold to determine ignition 

eligibility. This processing stage ensures that noise, 

minor disturbances, or normal driving behavior do not 

trigger false accident detection.  

 

If the alcohol concentration exceeds the permissible 

limit, the decision logic immediately activates the 

relay control mechanism, disabling engine ignition. In 

contrast, if motion parameters exceed accident 

detection thresholds, the system classifies the event as 

a collision and triggers the emergency response 

workflow. This event classification marks the 

transition from monitoring mode to alert mode within 

the data flow pipeline. Simultaneously, the black box 
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logging mechanism is activated. All relevant event 

data—including acceleration values, angular velocity, 

alcohol readings, GPS coordinates, and event 

timestamp—are formatted and written to the SD card 

module. The data logging process ensures persistent 

storage of accident-related parameters for post-event 

investigation and analysis. Even if the system 

experiences a power interruption after the collision, 

previously recorded data remains preserved. 

 

A conclusion section is not required. Although a 

conclusion may review the main points of the paper, 

do not replicate the abstract as the conclusion. A 

conclusion might elaborate on the importance of the 

work or suggest applications and extensions. 

 

VII. NETWORK COMMUNICATION 

ARCHITECTURE 

 

The proposed system adopts a client–device 

communication architecture designed to ensure 

secure, low-latency, and reliable transmission of 

emergency alerts and monitoring data. The 

communication framework is primarily centered 

around the ESP32 microcontroller and the GSM 

SIM800L module, which together facilitate structured 

data exchange between the vehicle and external 

emergency contacts.  

  

The ESP32 functions as the central control node, 

continuously collecting sensor data and making 

event-based decisions. Upon accident detection, the 

processing unit initiates communication with the 

GSM module using serial UART protocol and AT 

command instructions. The GSM SIM800L module 

establishes connection with the nearest cellular 

network tower to enable SMS-based alert 

transmission. This architecture eliminates 

dependency on constant internet connectivity and 

ensures functionality even in remote or semi-urban 

regions where cloud-based communication may be 

unreliable.  

  

The communication workflow follows a structured 

request– response sequence. When a collision is 

detected, the ESP32 first verifies network availability 

and SIM registration status. After successful network 

authentication, a formatted SMS message containing 

accident notification text, GPS latitude and longitude, 

and timestamp information is generated. The message 

is then transmitted to predefined emergency contacts, 

which may include family members, nearby hospitals, 

or police authorities. The use of GSM-based 

messaging ensures universal compatibility without 

requiring smartphones or dedicated applications on 

the receiver side.  

  

VIII. RESULTS AND VALIDATION 

 

The proposed IoT-Based Smart Vehicle Black Box 

and Accident Prevention System was validated 

through structured simulation and hardware prototype 

testing to evaluate detection accuracy, communication 

reliability, response latency, and data logging 

performance. Experimental analysis focused on 

verifying accident detection sensitivity, alcohol 

prevention functionality, GPS accuracy, and 

emergency alert transmission effectiveness under 

controlled testing conditions.  

  

The accident detection module was tested by 

simulating sudden impact and tilt variations using the 

MPU6050 accelerometer and gyroscope sensor. 

When acceleration values exceeded predefined 

threshold limits, the system successfully classified the 

event as a collision and triggered the emergency 

workflow. Multiple test iterations confirmed 

consistent detection without system crashes or 

processing delays. Minor vibration and normal 

braking conditions were tested to ensure that false 

positives were minimized through proper threshold 

tuning and sensor filtering.  

  

The alcohol detection module was validated by 

exposing the MQ-3 sensor to varying ethanol 

concentrations. When alcohol levels exceeded the 

safety threshold, the relay mechanism effectively 

disabled the ignition circuit, preventing engine 

startup. When alcohol levels were within acceptable 

range, ignition was permitted. This confirms that the 

preventive mechanism operates reliably and actively 

restricts drunk driving rather than issuing passive 

warnings.  

 

The GPS module was evaluated by testing location 

acquisition at multiple outdoor environments. The 

NEO-6M module successfully captured latitude and 

longitude values with acceptable positional accuracy 

under open-sky conditions. Upon accident detection, 

the system included real-time coordinates in the 

emergency message without noticeable delay. The 

GSM SIM800L communication module successfully 

transmitted SMS alerts to predefined contact 

numbers, including accident notification text and 
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location details. Under normal cellular signal 

conditions, alert delivery occurred within a few 

seconds of detection.  

  

The black box data logging mechanism was tested by 

simulating accident events and verifying SD card 

storage output. Logged data included timestamp, 

acceleration values, angular velocity, alcohol sensor 

readings, and GPS coordinates. Repeated testing 

confirmed consistent data writing without corruption 

or loss. Even after system reset, previously stored 

records remained intact, validating the persistence 

capability of the storage module.  

  

Overall system performance demonstrated stable 

operation during continuous monitoring mode. The 

ESP32 microcontroller efficiently handled 

simultaneous sensor acquisition, processing, 

communication triggering, and data logging without 

resource overload. No system crashes or unexpected 

shutdowns were observed during repeated 

experimental cycles. The average system response 

time between accident detection and emergency 

message transmission remained within acceptable 

real-time limits.  

  

Although large-scale field deployment testing was not 

conducted, laboratory validation confirms that the 

integrated framework operates reliably under 

simulated real-world conditions. The results indicate 

that the proposed architecture effectively achieves 

accident detection, drunk driving prevention, real-

time emergency notification, and structured black box 

recording within a unified and cost-effective 

embedded system.  

  

IX. IMPLEMENTATION SNAPSHOTS 

  

The implementation of the proposed IoT-Based Smart 

Vehicle Black Box and Accident Prevention System 

was carried out through both simulation and hardware 

prototype development. The objective of this phase 

was to validate the integration of sensing, processing, 

communication, and storage modules within a unified 

embedded framework.  

 

The primary monitoring dashboard of the prototype 

integrates accident detection, alcohol sensing, GPS 

tracking, and black box logging functionalities under 

a centralized ESP32 control unit. During operation, 

real-time sensor readings are processed and visualized 

through serial monitoring interfaces. The system 

continuously displays acceleration values, alcohol 

sensor output levels, and GPS coordinates, ensuring 

transparency in monitoring behavior during testing. 

This structured interface allows easy observation of 

sensor status and event triggers.  

  

The accident detection module implementation 

consists of the ESP32 microcontroller interfaced with 

the MPU6050 motion sensor and GPS NEO-6M 

module. When sudden acceleration exceeding 

threshold limits is detected, the buzzer is activated 

and the emergency communication workflow is 

initiated. Implementation testing confirmed that 

sensor readings update dynamically, and event flags 

are triggered correctly upon impact simulation. The 

GPS module successfully captures live location 

details and forwards them to the GSM module during 

emergency alert generation.  

  

The alcohol detection module implementation 

integrates the MQ-3 sensor with a relay-controlled 

ignition simulation circuit using a DC motor. During 

testing, when alcohol levels remained below the 

defined threshold, the relay permitted motor 

operation, simulating engine ignition. When alcohol 

concentration exceeded the safety limit, the relay 

disengaged, preventing motor activation. This 

confirmed the successful implementation of ignition 

control logic within the embedded framework.  

  

The communication module implementation utilizes 

the GSM SIM800L module to send structured SMS 

alerts. Upon accident detection, the ESP32 executes 

AT command instructions to format and transmit the 

emergency message. Testing demonstrated successful 

message delivery containing accident notification text 

and GPS coordinates to predefined contact numbers. 

The communication process operated reliably under 

stable cellular network conditions.  

  

X. PERFORMANCE EVALUATION 

  

The performance of the proposed IoT-Based Smart 

Vehicle Black Box and Accident Prevention System 

was evaluated under controlled simulation and 

hardware testing conditions to assess responsiveness, 

reliability, processing efficiency, and communication 

latency. The evaluation focused on system response 

time, accident detection accuracy, alcohol detection 

reliability, emergency alert propagation delay, and 

data logging stability.  
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The accident detection performance was analyzed by 

simulating sudden impact conditions and measuring 

the time between abnormal acceleration detection and 

event classification. The MPU6050 sensor provided 

continuous realtime motion data, and the ESP32 

processed this data with minimal computational 

delay. The total detection latency can be represented 

as:  

𝑇𝑑𝑒𝑡𝑒𝑐𝑡 = 𝑇𝑠𝑒𝑛𝑠𝑜𝑟 + 𝑇𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝑖𝑛𝑔  

stable black box data recording. The system maintains 

operational consistency and responsiven its suitability 

for practical deployment in intelligent vehicle safety 

applications.  

 

XI.DISCUSSION 

 

The proposed IoT-Based Smart Vehicle Black Box 

and Accident Prevention System demonstrates how 

low-cost embedded technologies can be effectively 

integrated to enhance road safety and emergency 

response efficiency. Unlike isolated accident 

detection or alcohol monitoring prototypes, the 

presented framework combines prevention, detection, 

communication, and structured data recording into a 

unified architecture, improving overall operational 

coherence.  

  

The alcohol prevention mechanism introduces a 

proactive safety layer that physically restricts vehicle 

ignition when intoxication is detected. Compared to 

warning-only systems, the relay-based ignition 

control offers stronger preventive capability. 

However, environmental factors such as temperature 

variation or sensor drift may influence MQ-3 sensor 

accuracy, suggesting that periodic calibration is 

necessary to maintain reliability.  

  

The GSM-based communication architecture ensures 

infrastructure independence, enabling emergency 

alert transmission even in regions with limited 

internet connectivity. This design choice enhances 

deployment feasibility in rural and semi-urban 

environments. Nevertheless, communication latency 

may vary depending on cellular network strength, 

which can impact alert delivery time in remote 

locations. Future improvements may consider hybrid 

communication methods combining GSM and 

internet-based protocols to enhance redundancy.  

  

XII.LIMITATIONS 

  

The black box module stores accident data locally on 

an SD card, which ensures persistence but does not 

provide real-time remote access. In severe accidents 

where hardware damage occurs, physical storage 

media could potentially be compromised. 

Implementing encrypted cloud synchronization 

would enhance data security and redundancy in future 

implementations.  

  

The system was validated through simulation and 

prototype testing but has not undergone large-scale 

real-world field deployment. Performance evaluation 

under high-speed highway conditions, extreme 

weather environments, or continuous long-term 

operation remains to be fully assessed. Stress testing 

involving multiple consecutive impact events was 

also not extensively performed.  

  

Despite these limitations, the proposed system 

establishes a practical and cost-effective foundation 

for integrated vehicle safety solutions. Addressing the 

identified constraints through enhanced algorithms, 

cloud integration, multi-channel communication, and 

advanced sensing technologies can significantly 

improve robustness and deployment readiness in 

future research phases.  

                       

XIII.CONCLUSION 

 

This paper presented the design and implementation 

of an IoTBased Smart Vehicle Black Box and 

Accident Prevention System aimed at enhancing road 

safety through integrated prevention, detection, 

communication, and data logging mechanisms. The 

proposed framework combines accident detection 

using motion sensors, alcohol-based ignition control, 

real-time GPS-enabled emergency alert transmission, 

and structured black box data recording within a 

unified embedded architecture.   

  

Although certain limitations exist in terms of 

threshold-based detection and communication 

dependency, the presented framework establishes a 

strong foundation for affordable intelligent vehicle 

safety solutions. By prioritizing practical 

deployability, energy efficiency, and affordability, the 

proposed system contributes meaningfully toward 

reducing accident fatality rates, improving emergency 

coordination, and supporting smart mobility 

initiatives.  

  

Overall, this research demonstrates that integrated 

IoT-based embedded safety systems can play a vital 

role in transforming conventional vehicles into 
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intelligent, responsive, and safer transportation 

platforms. With further refinement and largescale 

deployment, the proposed solution has the potential to 

significantly impact road safety standards in 

developing and emerging regions.  

  

XIV.FUTUREWORK 

 

While the proposed IoT-Based Smart Vehicle Black 

Box and Accident Prevention System establishes a 

reliable and costeffective foundation for integrated 

vehicle safety, several enhancements can be 

incorporated in future research to improve 

intelligence, scalability, and large-scale deployment 

readiness.  

  

One significant direction for future development is the 

integration of cloud-based data storage and remote 

monitoring platforms. Instead of storing accident data 

solely on a local SD card, future versions of the 

system can synchronize black box records with secure 

cloud services such as AWS IoT, Google Firebase, or 

Azure IoT Hub. Cloud integration would enable real-

time remote access to accident logs, long-term data 

retention, centralized monitoring, and large-scale 

analytics for insurance companies and traffic 

authorities.  

  

Another promising extension involves the 

incorporation of machine learning algorithms for 

advanced accident severity classification. Rather than 

relying solely on fixed thresholdbased detection, AI 

models trained on historical sensor data could 

differentiate between minor impacts, moderate 

collisions, and severe crashes. Such intelligent 

classification would enable priority-based emergency 

response, reducing false positives and optimizing 

resource allocation.  

  

Future research may also explore driver behavior 

monitoring using computer vision and biometric 

sensing technologies. By integrating camera modules 

and AI-based facial analysis, the system could detect 

driver drowsiness, distraction, or fatigue. Features 

such as eye-blink detection, head-pose estimation, 

and facial expression analysis could significantly 

enhance preventive safety measures beyond alcohol 

detection alone.  

  

The communication architecture can be expanded to 

support Vehicle-to-Vehicle (V2V) and Vehicle-to-

Infrastructure (V2I) communication. This would 

allow vehicles to share real-time accident and hazard 

information with nearby vehicles and traffic control 

systems, contributing to smart city traffic 

management and collision avoidance systems. Multi-

channel communication mechanisms combining 

GSM, internet-based messaging, and emergency 

service APIs could further enhance reliability in areas 

with weak cellular coverage.  

  

Additional improvements may include integrating 

encryption mechanisms and secure authentication 

protocols to protect black box data from unauthorized 

access or tampering. Implementing tamper-proof 

storage and digital signature validation would 

enhance the legal reliability of recorded accident 

evidence.  

  

Large-scale field testing under diverse environmental 

conditions such as high-speed highways, extreme 

weather, and long-duration operation is another 

important future research direction. Stress testing 

under heavy workload scenarios would help evaluate 

system robustness, scalability, and real-world 

deployment readiness.  

  

Overall, future enhancements aim to transform the 

proposed embedded safety framework into a fully 

intelligent, cloudconnected, and smart transportation 

ecosystem component. By integrating artificial 

intelligence, cloud computing, secure 

communication, and smart city connectivity, the 

system can evolve into a comprehensive next-

generation vehicle safety solution capable of 

significantly reducing accident fatalities and 

improving transportation resilience.  
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