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Abstract:Road accidents remain a major cause of injuries and fatalities worldwide, often resulting from 

factors such as driver fatigue, alcohol consumption, poor road conditions and delayed emergency response. 

Traditional vehicle safety mechanisms mainly focus on passive protection and post-accident analysis, 

which limits their ability to prevent accidents or immediate assistance. There is a growing need for an 

intelligent vehicle monitoring systems which are capable of detecting risky driving behavior and accident 

conditions in real time. 

This paper presents the design and implementation of an IoT-based Smart Car Black Box system for vehicle 

monitoring, accident management and Data recording for Accident Analysis. The proposed system 

integrates multiple sensors and embedded devices including an Arduino controller, ESP32 communication 

module, MPU6050 motion sensor, vibration sensor, alcohol sensor (MQ3), fire sensor, GPS module, and 

camera module. These components continuously monitor vehicle motion, driver condition, and surrounding 

road conditions. Computer vision techniques using OpenCV are employed to perform lane detection and 

driver drowsiness detection through face and eye analysis. 

The system is also capable of detecting crash events using vibration and motion data collected from the 

sensors. Once a critical event is identified, the system records important parameters and transmits the 

information to the ThingSpeak cloud platform using IoT connectivity. The transmitted data can be 

visualized through a web dashboard, and the accident location can be displayed on a map interface to 

assist hospitals and rescue teams in providing immediate response. 

The proposed smart black box system enhances road safety by combining vehicle monitoring, driver 

behavior analysis, and real-time data communication, thereby contributing to faster accident detection, 

improved emergency response, and better accident investigation. 
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1. INTRODUCTION 

Road transportation has become an essential part of modern society, enabling the movement of people 

and goods across cities and countries. However, the rapid increase in the number of vehicles has also led to 

a significant rise in road accidents worldwide. Many of these accidents occur due to factors such as driver 

fatigue, over-speeding, alcohol consumption, poor visibility, poor road maintenance and lack of timely 

monitoring systems. As traffic density continues to increase, ensuring driver safety and improving accident 

response mechanisms have become major challenges for transportation systems. Intelligent vehicle 

monitoring technologies are therefore required to observe vehicle behavior, detect potential risks, and assist 

in accident analysis and emergency response. 

1.1 Background of Road Safety 

Road safety has become a major global concern due to the growing number of vehicles and increasing 

traffic congestion. Every year, thousands of accidents occur on highways and urban roads, leading to 

injuries, loss of life, and significant economic damage. Many accidents occur because of driver negligence, 
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drowsiness, alcohol consumption, and unexpected road conditions. In many cases, the lack of proper 

monitoring and delayed emergency response worsen the consequences of accidents. Traditional safety 

mechanisms such as airbags and seatbelts reduce the impact of collisions but do not provide information 

about the events leading to the accident. Therefore, advanced vehicle monitoring systems are needed to 

continuously track vehicle conditions and driver behavior to improve road safety. 

1.2 Car Black Box Concept 

A car black box, also known as an Event Data Recorder (EDR), is an electronic device installed in 

vehicles to record important parameters related to vehicle performance and driver actions. Similar to the 

flight data recorder used in aircraft, the car black box captures data such as vehicle speed, acceleration, 

braking status, engine performance, and other sensor readings. This information is stored before, during, 

and after an accident. The recorded data can later be analyzed by investigators, law enforcement agencies, 

and insurance companies to understand the sequence of events that led to the accident. With the 

advancement of embedded systems and IoT technologies, modern car black boxes can also include cameras, 

GPS modules, and communication modules to transmit real-time information to cloud platforms. 

 
Fig1:Block Diagram 

 

1.3 Motivation of the Work 

Despite the availability of traditional event data recorders in some vehicles, many systems still lack real-

time monitoring and intelligent driver behavior analysis. Most conventional systems store data locally and 

can only be accessed after an accident has occurred. This limits their ability to assist in preventing accidents 
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or providing immediate emergency support. In addition, driver fatigue, lane deviation, and delayed accident 

detection remain major challenges in road safety. These limitations motivate the development of a smart 

car black box system that integrates sensor-based monitoring, computer vision techniques, and IoT 

communication. Such a system can continuously monitor vehicle conditions, detect abnormal situations, 

and send real-time alerts to cloud platforms and emergency services. 

1.4 Objectives of the Proposed System 

The primary objective of the proposed system is to design and implement a smart vehicle monitoring 

system that improves road safety and accident management. The system aims to detect vehicle crashes 

using motion and vibration sensors, monitor driver behavior through camera-based drowsiness detection, 

and identify lane boundaries using computer vision techniques. Another objective is to transmit vehicle 

data and sensor readings to a cloud platform using IoT technology for remote monitoring and analysis. The 

system also aims to generate automatic emergency alerts along with the vehicle's GPS location so that 

hospitals and rescue teams can respond quickly in case of accidents. By integrating sensor data, computer 

vision, and cloud communication, the proposed smart car black box system provides a comprehensive 

solution for vehicle monitoring and accident investigation. 

 

 
Fig2:Implementation Flow 

2. LITERATURE REVIEW 

Recent research has focused on improving vehicle safety through the use of embedded systems, sensors, 

and communication technologies. Several studies have proposed different types of vehicle monitoring 

systems designed to detect accidents, monitor driver behavior, and record vehicle data for analysis. These 

systems aim to reduce road accidents and improve emergency response mechanisms. This section reviews 

existing approaches related to vehicle black box systems, IoT-based accident detection, and driver 

monitoring technologies. 

2.1 Traditional Vehicle Black Box Systems 

Traditional vehicle black box systems, also known as Event Data Recorders (EDRs), are designed to 

record important vehicle parameters during normal driving conditions and especially during accidents. 

These systems capture data such as vehicle speed, braking activity, throttle position, seat belt status, and 

airbag deployment information. The primary purpose of these systems is to store data that can later be 

analyzed to determine the cause of an accident. In many vehicles, EDRs are integrated with the airbag 
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control module, which activates when a collision occurs. Although these systems are useful for post-

accident investigation, they usually store data locally and do not provide real-time monitoring or 

communication capabilities. 

 
Fig3:Traditional Vehicle Black Box Systems 

2.2 IoT-Based Accident Detection Systems 

With the advancement of Internet of Things (IoT) technology, several accident detection systems have 

been developed that can automatically notify emergency services when a crash occurs. These systems 

typically use sensors such as accelerometers, vibration sensors, and GPS modules to detect sudden impacts 

and determine the location of the accident. Once a crash is detected, the system sends an alert message to 

cloud platforms or emergency contacts through wireless communication technologies such as GSM, Wi-

Fi, or cellular networks. IoT-based systems improve accident response time by enabling real-time 

monitoring and automatic alert generation. However, many existing systems focus only on accident 

detection and do not incorporate driver monitoring or advanced vehicle safety features. 

 
Fig4: IoT-Based Accident Detection Systems 

 



Journal of Computer and Electrical Sciences (JCES)- Volume-1 Issue-4, April 2026  

ISSN: 3049-2602(Online)  

 

https://doi.org/10.5281/zenodo.19609006 

2.3 Driver Monitoring Systems 

Driver monitoring systems are designed to observe driver behavior and detect signs of fatigue, 

distraction, or unsafe driving conditions. These systems often use cameras and computer vision techniques 

to analyze facial features such as eye closure, blinking patterns, and head movements. Algorithms such as 

face detection and eye tracking are commonly used to identify drowsiness or inattentiveness in drivers. 

When the system detects abnormal behavior, it generates alerts through sound signals, vibrations, or visual 

warnings. Driver monitoring systems are increasingly being integrated into modern vehicles to reduce 

accidents caused by driver fatigue. However, many existing systems operate independently and are not 

integrated with accident detection or vehicle monitoring systems. 

 

Fig5: Driver Monitoring Systems 

2.4 Limitations of Existing Systems 

Although several vehicle monitoring technologies have been proposed, many existing systems still have 

certain limitations. Traditional vehicle black box systems mainly focus on data recording and lack real-time 

communication capabilities. IoT-based accident detection systems often concentrate only on crash detection 

without monitoring driver behavior or road conditions. Driver monitoring systems and lane detection 

systems are frequently implemented as independent technologies rather than integrated safety solutions. 

These limitations highlight the need for an integrated smart vehicle monitoring system that combines 

accident detection, driver monitoring, lane detection, and cloud-based data communication. 

3. PROPOSED SYSTEM 

The proposed system is a smart vehicle monitoring solution designed to improve road safety and 

accident management. The system integrates multiple sensors, embedded controllers, computer vision 

algorithms, storage devices, and IoT communication technologies to monitor vehicle conditions and driver 

behavior in real time. The primary objective of the system is to detect accidents, monitor driver alertness, 

identify lane boundaries, and store important vehicle data for later analysis. 

3.1 System Architecture 

The system architecture consists of several interconnected modules responsible for sensing, processing, 

storage, communication, and data visualization. Sensors installed in the vehicle continuously collect 

information related to vehicle motion, environmental conditions, and driver behavior. The Arduino UNO 

acts as the primary controller responsible for collecting sensor data and performing initial processing. The 

ESP32 module is used as a communication interface to transmit the collected data to the cloud platform. 

The camera module captures images of the road and the driver's face for computer vision processing. An 

SD card module stores collected sensor data locally to preserve important information even without internet 

connectivity. 
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Fig6:System Architecture 

3.2 Hardware Components 

The proposed system includes several hardware components that work together to monitor the vehicle 

and detect critical events. 

 

Arduino UNO acts as the main microcontroller responsible for collecting data from various sensors and 

controlling the overall operation of the system. 

 

ESP32 / ESP32-CAM is used for wireless communication and data transmission. It sends sensor data 

and system status information to the ThingSpeak cloud platform through Wi-Fi connectivity. 

 

MPU6050 Sensor is a motion sensor containing both an accelerometer and a gyroscope. It measures 

vehicle acceleration and orientation, which helps in detecting sudden movements or crash events. 

 
Table 1: Threshold / Interrupt Detection Parameters of MPU-6050 Sensor 

Function Register Address Register 

Size 

LSB Meaning Practical Range Trigger Condition 

Free-fall 

threshold 

FF_THR 0x1D 8-bit 1 mg/LSB 0 to 255 mg All 3 accelerometer axes 

remain below the threshold. 

Free-fall 

duration 

FF_DUR 0x1E 8-bit 1 ms/LSB 0 to 255 ms Free-fall condition must persist 

for this duration. 

Motion 

threshold 

MOT_THR 0x1F 8-bit 1 mg/LSB 0 to 255 mg Any accelerometer axis 

exceeds the threshold after 

high-pass filtering. 

Motion 

duration 

MOT_DUR 0x20 8-bit 1 ms/LSB 0 to 255 ms Motion condition must persist 

for this duration. 

Zero-motion 

threshold 

ZRMOT_THR 0x21 8-bit 1 mg/LSB in product 

spec; many libraries use 2 

mg/LSB 

0 to 255 mg or 0 to 510 

mg depending on the 

reference used 

All 3 accelerometer axes 

remain below the threshold 

after high-pass filtering. 
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Zero-motion 

duration 

ZRMOT_DUR 0x22 8-bit Common register-map 

interpretation: 64 ms/LSB 

0 to 16.32 s Zero-motion condition must 

persist for this duration. 

 

Table 2: Sensor Measurement Parameters 

Sensor 

 

Setting Bits Range Sensitivity 

Accelerometer AFS_SEL = 0 ±2 g 16384 LSB/g 

Accelerometer AFS_SEL = 1 ±4 g 8192 LSB/g 

Accelerometer AFS_SEL = 2 ±8 g 4096 LSB/g 

Accelerometer AFS_SEL = 3 ±16 g 2048 LSB/g 

Gyroscope FS_SEL = 0 ±250 °/s 131 LSB/(°/s) 

Gyroscope FS_SEL = 1 ±500 °/s 65.5 LSB/(°/s) 

Gyroscope FS_SEL = 2 ±1000 °/s 32.8 LSB/(°/s) 

Gyroscope FS_SEL = 3 ±2000 °/s 16.4 LSB/(°/s) 

 
Vibration Sensor is used to detect strong mechanical vibrations or impacts that may occur during a 

vehicle collision. 

 

Table 3: Threshold / Detection Parameters of SW-420 Vibration Sensor 

Parameter 

 

Type Value / Range How It Is Set Effect on Output 

Vibration 

threshold 

Adjustable 

sensitivity 

threshold 

No fixed numeric datasheet value 

on most modules 

Adjusted with the onboard 

potentiometer 

If vibration exceeds the set 

threshold, the digital output 

changes state. 

Sensitivity User adjustable Low to high sensitivity depending 

on potentiometer position 

Rotate the trimmer 

potentiometer 

Higher sensitivity allows 

smaller vibrations to trigger 

the output. 

Output signal Digital Logic LOW when idle, Logic HIGH 

when vibration is detected on many 

common modules 

Comparator switches 

according to threshold 

crossing 

Provides a direct trigger signal 

for a microcontroller input pin. 

Trigger source Mechanical 

vibration / shock 

Depends on physical movement of 

the SW-420 switch element 

Generated by shock, 

knock, tilt disturbance, or 

vibration 

Momentary vibration can 

create short output pulses. 

Threshold 

tuning method 

Analog reference 

adjustment 

Comparator reference level is 

changed by the potentiometer 

Onboard LM393 compares 

sensor signal to the set 

reference 

Changes the point at which the 

digital output toggles. 

 

Table 4: Sensor / Module Parameters of SW-420 Vibration Sensor 

 

Parameter 

 

Typical Value Description 

Sensor type SW-420 vibration switch 

module 

Mechanical vibration detector mounted on a comparator board. 

Comparator IC LM393 Converts the sensor response into a clean digital output. 

Operating 

voltage 

3.3 V to 5 V DC Common supply range for Arduino, ESP32, and similar boards. 

Operating current About 15 mA on many modules Module current depends on board design and indicator LEDs. 

Output type Digital output (DO) Suitable for reading as HIGH or LOW on a microcontroller input. 

Pin count 3 pins Usually labeled VCC, GND, and DO. 

Indicators Power LED and output LED Shows module power status and trigger state. 

Main use Vibration / shock detection Used in alarms, tamper detection, knock sensing, and machine vibration 

detection. 
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MQ3 Alcohol Sensor detects the presence of alcohol in the driver's breath. If the alcohol concentration 

exceeds a predefined threshold, the system can generate warnings. 

 
Table 5: Threshold / Detection Parameters of MQ3 Alcohol Sensor 

Parameter 

 

Type Value / Range How It Is Set Effect on Output 

Alcohol 

detection 

threshold 

Adjustable 

digital threshold 

No fixed numeric module 

threshold on most boards 

Adjusted with the onboard 

potentiometer connected to the 

comparator 

The digital output changes state 

when the sensed alcohol level 

crosses the set threshold. 

Digital output 

threshold 

Comparator-

based trigger 

Threshold tied to 

potentiometer setting and 

analog sensor voltage 

Set manually by rotating the 

trimmer potentiometer 

Useful for simple alarm or 

yes/no alcohol detection. 

Analog 

sensing range 

Measurement 

range 

Commonly cited as 25 ppm to 

500 ppm ethanol vapor 

Read from AO using an ADC 

input 

Analog voltage increases with 

alcohol concentration. 

Output state Digital and 

analog 

DO is HIGH or LOW 

depending on board design; 

AO is proportional voltage 

Digital state depends on 

comparator polarity; analog state 

depends on gas concentration 

Allows both threshold detection 

and approximate concentration 

measurement. 

Preheat / 

warm-up 

Operating 

requirement 

Short warm-up for quick use; 

much longer burn-in for stable 

calibrated readings 

Power the sensor heater before 

taking readings 

Improves stability and 

repeatability of the sensor 

response. 

 
Table 6: Sensor / Module Parameters of MQ3 Alcohol Sensor 

Parameter 

 

Typical Value Description 

Sensor type Semiconductor gas sensor Uses a tin-dioxide based sensing element for alcohol vapor 

detection. 

Target gas Alcohol / ethanol vapor Most sensitive to ethanol, but it can also respond to some 

other vapors. 

Operating voltage 5 V DC Common supply voltage for the MQ-3 module and sensor 

heater. 

Current 

consumption 

About 150 mA to 165 mA Mostly due to the internal heater required for sensor 

operation. 

Detection range Approximately 25 ppm to 500 ppm alcohol 

vapor 

Commonly cited concentration range for ethanol sensing. 

Heater resistance About 33 ohms ±5% Heater element value used to maintain the sensing 

temperature. 

Heater power Less than about 800 mW Typical maximum heater power consumption reported for 

the module. 

Output pins AO and DO AO gives analog voltage, DO gives comparator-based 

digital output. 

Module pins VCC, GND, AO, DO Typical 4-pin breakout arrangement on common MQ-3 

boards. 

Main applications Breathalyzer, safety monitoring, alcohol vapor 

detection 

Used in experiments and simple alcohol detection systems. 

 
IR Sensor(used as Fire Sensor) is used to detect the presence of fire or high temperature conditions 

inside the vehicle, which may occur after severe accidents. 

 

Table 7: Threshold / Detection Parameters of IR Sensor 

Parameter 

 

Type Value / Range How It Is Set Effect on Output 
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Flame detection 

threshold 

Adjustable 

digital threshold 

No fixed numeric threshold on 

most modules 

Adjusted with the onboard 

potentiometer 

The digital output changes state 

when flame intensity exceeds the 

set level. 

Wavelength 

response 

Infrared 

sensitivity range 

760 nm to 1100 nm Defined by the sensor element 

and optical response 

Module is especially sensitive to 

flame-related infrared radiation. 

Detection angle Field of view About 60 degrees Set by the optical 

characteristics of the 

phototransistor 

Flames within this viewing angle 

are more likely to be detected. 

Detection 

distance 

Practical 

sensing distance 

Up to about 80 cm to 100 cm 

for a small flame 

Depends on flame size, 

ambient light, angle, and 

sensitivity setting 

Larger or brighter flames can be 

detected from farther away. 

Output mode Digital and 

sometimes 

analog 

DO toggles at the threshold; 

AO varies with received 

radiation on some modules 

Comparator and sensor 

circuitry determine the output 

state 

Supports both simple alarm logic 

and analog intensity monitoring 

on compatible boards. 

 

Table 8: Sensor / Module Parameters of IR Sensor 

Parameter 

 

Typical Value Description 

Sensor type IR flame sensor module Infrared-sensitive module used to detect fire or flame sources. 

Sensing element Typically YG1006 phototransistor High-speed photosensitive element responsive to infrared light. 

Comparator IC LM393 Provides clean comparator-based switching for digital output. 

Operating 

voltage 

3.3 V to 5 V DC Suitable for common microcontroller boards. 

Operating 

current 

About 15 mA Typical module current including indicator LEDs and comparator 

circuit. 

Spectrum range 760 nm to 1100 nm Infrared band to which the flame sensor is most responsive. 

Detection angle 0 to 60 degrees Approximate field of view for flame detection. 

Output pins DO and sometimes AO Some modules provide only digital output, while others include analog 

output. 

Indicators Power LED and trigger LED Visual indication of power and flame-detection state. 

Main 

applications 

Fire alarm, fire detection, firefighting 

robot 

Used in projects where direct flame sensing is required. 

 
GPS Module provides real-time geographic location of the vehicle. This information is crucial for 

identifying the accident location and sending it to emergency responders. 

 

Table 9: GPS Module Parameters 

Parameter Typical Value Description 

Module type NEO-6M type GPS receiver A common satellite navigation module used in student and 

embedded projects. 

Operating voltage 3.3 V to 5 V DC on common breakout 

boards 

Most breakout boards can be powered from standard 

microcontroller supplies. 

Communication 

interface 

UART serial GPS data is usually transmitted through TX and RX pins. 

Default baud rate 9600 bps Common serial speed for NMEA sentence output. 

Update rate 1 Hz standard, up to 5 Hz on many 

modules 

Defines how often position data is refreshed. 

Position accuracy About 2.5 m CEP Typical horizontal positioning accuracy under good conditions. 

Channels Up to 50 channels Allows tracking of multiple satellites for better positioning. 

Output data format NMEA sentences Includes latitude, longitude, time, speed, and satellite information. 

Main applications Navigation, tracking, location logging Used in vehicle tracking, robotics, and outdoor positioning 

systems. 
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GSM module is a communication device that uses the cellular network to send and receive SMS, make 

calls, and transmit data in embedded systems. 

 
Table 10: GSM Module Parameters 

Parameter Typical Value Description 

Module type SIM800L or SIM900A type GSM module A common cellular communication module for SMS, 

calls, and GPRS data. 

Network type 2G GSM / GPRS Supports voice, text messaging, and basic mobile data 

over 2G networks. 

Operating voltage Typically 3.4 V to 4.4 V for SIM800L, higher on 

some SIM900 boards 

Power supply must be stable because GSM modules draw 

large current bursts. 

Communication 

interface 

UART serial Controlled by a microcontroller using AT commands. 

Default baud rate Often 9600 bps Typical serial speed for communication with Arduino and 

similar boards. 

Peak current Up to about 2 A during transmission bursts Requires a strong external supply; weak supplies often 

cause reset or network errors. 

Functions SMS, call, GPRS Can send messages, make calls, and transmit simple 

internet data. 

SIM card support Mini or micro SIM depending on the board The module needs an active SIM card from a supported 

cellular network. 

Main applications Remote alerts, IoT communication, vehicle 

security 

Used where wireless notification or remote monitoring is 

needed. 

 
LM393-based IR Speed Sensor module (also known as a slotted optocoupler speed sensor), 

commonly used with Arduino/Raspberry Pi projects. It detects rotation speed by counting pulses as a 

slotted disc interrupts the infrared beam between the emitter and receiver. 

Camera Module(ESP32 CAM) captures video or images of the road and the driver. These images 

are used for driver drowsiness monitoring using computer vision techniques. 

 

SD Card Module and SD Card are used to store sensor readings, system logs, and important vehicle 

data locally. This ensures that all critical information is recorded even if network connectivity is lost. 
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Fig7:Hardware Components 

3.3 Software Components 

OpenCV is used for implementing computer vision algorithms such as face detection, eye detection, 

and lane detection. It processes images captured from the camera module to monitor driver alertness and 

road lane boundaries. 

 

ThingSpeak Cloud Platform is used for storing and visualizing sensor data. It allows real-time 

monitoring of vehicle parameters through graphical dashboards. 

 

Web Technologies (HTML, CSS, JavaScript) are used to develop web interfaces that display vehicle 

information, sensor readings, and alert notifications. 

 

Map Interface is integrated into the system to display the real-time location of the vehicle and the crash 

site, helping hospitals and rescue teams quickly identify the accident location. 

3.4 Working Principle 

The working principle of the proposed system involves continuous monitoring of vehicle parameters, 

driver behavior, and road conditions using multiple sensors and camera modules. During vehicle operation, 

sensors such as the MPU6050 and vibration sensor continuously collect motion and impact data. The 

alcohol sensor checks the driver's breath for alcohol presence, while the fire sensor monitors the 

environment for abnormal heat or flame conditions. The Arduino UNO receives data from these 

sensors and processes the information to detect abnormal conditions. All sensor data and detection 
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results are stored locally using the SD card module for future reference. The ESP32 module 

transmits collected data along with the vehicle's GPS location to the ThingSpeak cloud platform 

for real-time monitoring and emergency response. 

 

4. SYSTEM IMPLEMENTATION 
The implementation of the proposed smart car black box system integrates computer vision techniques, 

sensor-based monitoring, and IoT communication to provide real-time vehicle monitoring and accident 

detection. The system is divided into several functional modules including lane detection, driver drowsiness 

detection, accident detection, IoT-based data transmission, and web-based visualization. 

4.1 Driver Drowsiness Detection 

Driver drowsiness detection is implemented using computer vision techniques to monitor the driver's 

facial features and eye movements. The camera installed inside the vehicle captures images of the driver's 

face and analyzes them to detect signs of fatigue. 

Face Detection 

Haar Cascade classifiers are used to identify the driver's face within the captured image frame. Once the 

face is detected, the system focuses on specific regions such as the eyes. 

Eye Detection 

Eye detection algorithms analyze the driver's eye region to monitor blinking patterns and eye closure 

duration. When the driver's eyes remain closed for an abnormal period, the system interprets this as a sign 

of drowsiness. 

Alert Generation 

If the system detects prolonged eye closure or unusual blinking behavior, it generates an alert including 

sound notifications or visual warnings to help the driver regain attention and avoid accidents. 

 

Fig8:Driver Drowsiness Detection 
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4.2 Accident Detection System 

The accident detection module monitors vehicle motion and environmental conditions using multiple 

sensors to detect crash events and record important data related to the incident. 

Sensor Data Acquisition 

Sensors such as the MPU6050 accelerometer, vibration sensor, alcohol sensor, and fire sensor 

continuously collect data related to vehicle movement and environmental conditions. The Arduino UNO 

reads this sensor data and processes it in real time. 

Crash Detection Logic 

The crash detection logic analyzes acceleration changes and vibration intensity to determine whether a 

collision has occurred. If the detected values exceed predefined thresholds, the system identifies the event 

as a possible crash. 

GPS Location Detection 

Once a crash is detected, the system retrieves the vehicle's geographic coordinates using the GPS 

module. This location information is included in the emergency alert message. 

4.3 IoT Data Transmission 

The IoT communication module enables real-time transmission of sensor data and accident alerts to a 

cloud platform. The Arduino controller collects data from all connected sensors and prepares the 

information for transmission. The ESP32 module establishes a Wi-Fi connection and sends the collected 

data to the ThingSpeak cloud platform using HTTP communication protocols. The transmitted data is stored 

in the ThingSpeak cloud database where it can be visualized through graphs and dashboards for remote 

monitoring. 

4.4 Web Dashboard 

A web-based dashboard is developed to display vehicle data and accident alerts to different users 

including vehicle owners, hospitals, and rescue teams. The personal dashboard allows the vehicle owner to 

monitor vehicle parameters such as speed, sensor readings, and system alerts. The hospital interface 

displays accident alerts along with the vehicle's location so that medical teams can respond quickly. The 

rescue team page provides information about crash events and helps emergency responders track the 

accident location. The system also integrates a map interface to display the exact GPS location of the 

accident, enabling rapid visual identification of the crash site. 

 
Fig9:Web Dashboard 
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5. RESULTS 

The proposed smart car black box system was implemented and tested to evaluate its performance in 

monitoring vehicle conditions, detecting driver fatigue, identifying lane boundaries, and transmitting sensor 

data to the cloud platform. The results obtained from the experimental setup demonstrate the effectiveness 

of the proposed system in real-time monitoring and accident detection. 

5.1 Drowsiness Detection Results 

The driver drowsiness detection module was tested using a camera positioned in front of the driver. The 

system used face detection and eye detection algorithms to analyze the driver's facial features and monitor 

eye movement. When the driver's eyes remained closed for a certain period, the system detected this 

condition as drowsiness and successfully generated warning alerts. These results demonstrate that the driver 

monitoring system can effectively identify signs of fatigue and help prevent accidents caused by driver 

inattention. 

 

Fig10: Drowsiness Detection Results 

5.2 Accident Detection Results 

The accident detection system was evaluated using sensor data collected from the MPU6050 motion 

sensor and vibration sensor. During normal driving conditions, sensor readings remained within the 

expected threshold limits. When a sudden impact or strong vibration was simulated, the system detected 

the abnormal condition and identified it as a possible crash event. Once a crash was detected, the system 

recorded the event data and retrieved the vehicle's GPS location, confirming that the sensor-based crash 

detection mechanism works effectively in identifying accident scenarios. 

 
Fig11:Accident Detection Results 

5.3 IoT Data Visualization 

The IoT communication module successfully transmitted sensor data and system status information to 

the ThingSpeak cloud platform using the ESP32 module. The transmitted data included parameters such as 
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acceleration values, vibration intensity, alcohol detection status, and GPS coordinates. These values were 

displayed on the ThingSpeak dashboard in the form of graphs and charts, allowing real-time monitoring of 

vehicle conditions and providing a clear representation of sensor data over time. 

 
 

Fig12:IoT Data Visualization 

 

5.4 Alert Message: 

Alert message generation feature of the system, where emergency and status messages are automatically 

created and sent to a mobile phone through the GSM module. When the system detects an important event 

such as an accident, it generates an Accident Alert message and includes the current GPS coordinates in the 

form of a Google Maps link. This helps the receiver quickly identify the exact location of the vehicle or 

incident. In addition to emergency alerts, the system also sends status messages like System Started 

Successfully, SD Card Ready, and SD Card Read, which confirm that the device is powered on and 

functioning properly. The repeated alert messages in the image indicate that the system continuously 

notifies the user when the accident condition remains active. This alert generation process is important 

because it provides immediate communication, location tracking, and faster response during emergency 

situations. 

 
Fig13:Alert Message 
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5.5 Data Visualization In Local Storage: 

Data visualization in local storage refers to the process of storing collected sensor or system data inside 

a local device, such as a computer, microcontroller memory, or local database, and presenting it in an 

organized visual form like tables, charts, or logs. In this system, values from sensors such as alcohol, fire, 

vibration, and GPS location are saved locally and displayed in a structured format so that the user can easily 

monitor the recorded information. Each stored entry represents one observation of the system at a particular 

time, making it possible to track changes in sensor values and location over time. This is useful because the 

data remains available even when internet access is limited, and it helps in analysis, debugging, record 

keeping, and understanding the behavior of the system more clearly. 

 

 
 

 
Fig13:Data Visualization in Local Storage 

5.6 Road Turn Detection System 

The Road Turn Detection System shown in the image is designed to identify and display the turning 

points between a current location and a selected destination. The system first fetches the current latitude 

and longitude from the ThingSpeak cloud platform, which receives live GPS data from the tracking device. 

The user then enters the destination latitude and longitude, and by clicking the `Find Turns` button, the 

system calculates the route between the two points. The route is displayed on the map using a blue path, 

while the turn locations are marked with red symbols to indicate where direction changes occur. The total 

number of turns is also shown at the top of the map. This system is useful in navigation and safety 

applications because it helps monitor road direction changes and can be used to provide alerts to the driver 

at important turning points. 

 

Fig14:Road Turn Detection System 
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5.7 System Performance 

The overall system performance was evaluated based on real-time responsiveness, data transmission 

reliability, and detection accuracy. The sensor modules responded consistently within expected time 

intervals, and the ESP32 module maintained stable cloud connectivity during testing. The computer vision 

modules for lane detection and drowsiness detection processed video frames at an adequate rate for real-

time monitoring. The SD card module successfully stored all logged data locally, ensuring no information 

was lost during connectivity interruptions. The integrated system demonstrated reliable performance across 

all functional modules during the experimental evaluation. 

5.8 Final Prototype: 

 

 

 
Fig15:Final Prototype 
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6. ADVANTAGES OF THE PROPOSED SYSTEM 

The proposed smart car black box system provides several advantages over traditional vehicle 

monitoring systems. By integrating sensors, computer vision techniques, and IoT communication 

technologies, the system improves vehicle safety, driver monitoring, and accident response capabilities. 

Real-Time Monitoring 

The system continuously monitors vehicle conditions and driver behavior using multiple sensors and 

camera modules. Parameters such as acceleration, vibration, driver eye movement, and environmental 

conditions are tracked in real time, allowing the system to detect abnormal situations quickly and provide 

immediate alerts. 

Driver Safety Improvement 

The driver drowsiness detection module helps improve driver safety by monitoring eye movement and 

facial features. When the system detects signs of fatigue or prolonged eye closure, it generates warning 

alerts to notify the driver, helping reduce accidents caused by driver fatigue and loss of attention. 

Automatic Accident Alert 

The system automatically detects accident events using motion and vibration sensors. When a crash is 

detected, the system records the event data and retrieves the vehicle's GPS location. Emergency alerts 

containing the accident information and location can then be sent to cloud platforms, hospitals, or rescue 

teams to enable faster response. 

Cloud-Based Data Storage 

The integration of the ThingSpeak cloud platform allows sensor data and system information to be stored 

and visualized remotely. Vehicle parameters can be accessed through web dashboards and graphical charts, 

enabling remote monitoring, analysis, and preservation of important data for future accident investigation. 

 

Integrated Safety Features 

Unlike many existing systems that focus only on accident detection, the proposed system integrates 

multiple safety features such as lane detection, driver drowsiness detection, accident detection, and sensor 

monitoring into a single platform. This integrated approach provides a more comprehensive vehicle safety 

system capable of monitoring both driver behavior and vehicle conditions. 

7. LIMITATIONS 

Although the proposed smart car black box system provides several advantages for improving vehicle 

safety and accident monitoring, it also has certain limitations that need to be considered. 

Dependence on Internet Connectivity 

The system relies on wireless communication through the ESP32 module to transmit sensor data and 

accident alerts to the ThingSpeak cloud platform. If internet connectivity is unavailable or unstable, real-

time data transmission may be interrupted. However, the system partially overcomes this limitation by 

storing sensor data locally using the SD card module. 

Sensor Calibration Requirements 

The accuracy of accident detection and monitoring depends heavily on proper sensor calibration. Sensors 

such as the MPU6050 accelerometer, vibration sensor, and alcohol sensor must be calibrated carefully to 

ensure accurate measurements. Incorrect calibration may lead to false alerts or inaccurate readings. 

Limited Real-World Testing 

The system has primarily been tested under controlled conditions and simulated scenarios. Real-world 

driving environments may introduce additional challenges such as varying lighting conditions, weather 
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effects, road vibrations, and sensor noise. Further large-scale testing in real traffic environments is required 

to fully evaluate the system's performance and reliability. 

 

Despite these limitations, the proposed system demonstrates the potential of integrating sensors, 

computer vision, and IoT technologies to enhance vehicle safety and accident monitoring systems. 

8. CONCLUSION 

This paper presented the design and implementation of a smart car black box system aimed at improving 

vehicle safety and accident management. The proposed system integrates multiple hardware sensors, 

computer vision techniques, and IoT communication to monitor vehicle conditions and driver behavior in 

real time. The system was designed using components such as Arduino UNO, ESP32 communication 

module, MPU6050 motion sensor, vibration sensor, alcohol sensor, fire sensor, GPS module, camera 

module, and an SD card module for local data storage. 

 

The developed system is capable of performing several important safety functions including lane 

detection, driver drowsiness detection, and accident detection. Computer vision algorithms implemented 

using OpenCV allow the system to monitor lane boundaries and detect driver fatigue by analyzing facial 

features and eye movements. Motion and vibration sensors enable the system to identify crash events and 

record important vehicle parameters. 

 

The integration of IoT technology allows sensor data and system information to be transmitted to the 

ThingSpeak cloud platform for remote monitoring and visualization. In case of an accident, the system can 

retrieve the vehicle's GPS location and share it through cloud-based platforms, helping hospitals and rescue 

teams respond quickly. 

 

Overall, the proposed smart car black box system demonstrates an effective approach for integrating 

vehicle monitoring, driver safety analysis, and cloud-based data communication. Such intelligent vehicle 

monitoring systems can also assist authorities in analyzing accident data and improving road safety 

measures in the future. 

9. FUTURE SCOPE 

Although the proposed smart car black box system demonstrates effective vehicle monitoring and 

accident detection capabilities, several improvements can be made in future research to enhance its 

performance and functionality. 

 

One possible improvement is the integration of artificial intelligence (AI)-based accident prediction 

systems. Machine learning algorithms can analyze large amounts of driving data to predict potential 

accident risks before they occur, helping prevent accidents rather than only detecting them after they 

happen. 

 

Another important enhancement is the implementation of vehicle-to-vehicle (V2V) communication. 

Vehicles can exchange information such as speed, position, and sudden braking alerts with nearby vehicles 

through wireless communication, helping drivers become aware of dangerous situations in advance. 

 

The system can also be integrated with smart traffic management systems used in modern 

intelligent transportation infrastructures. Real-time traffic conditions, congestion information, and 

road safety alerts can be shared between vehicles and traffic management centers. 
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In addition, real-time emergency service integration can be developed to automatically notify 

hospitals, ambulance services, and rescue teams when a severe accident is detected, transmitting exact GPS 

location, accident severity, and vehicle data directly to emergency responders. 

 

Future developments may also include improved sensor technologies, advanced computer vision 

algorithms, and more reliable cloud communication systems to enhance the accuracy, scalability, and 

practical implementation of smart vehicle monitoring systems. 
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