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Abstract-Road accidents are increasing every year, and
many lives are lost due to delayed medical help. Proper
accident data is often unavailable for investigations. To
solve this, an IoT enabled Car Black Box System using ESP32
is proposed. The system monitors speed, movement, and
location using CAN bus, IMU sensor, and GPS module. During
accidents, it detects impact, stores data in an SD card, and
sends alerts with live location to hospitals through GSM or
Wi-Fi. The system is low cost, reliable, and improves road
safety and emergency response.
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1. INTRODUCTION

Road accidents are a significant cause of injuries and
fatalities around the world. Slow emergency responses
and incomplete accident data frequently worsen the
impact of these incidents. A Car Black Box System is
designed to capture essential vehicle information,
including speed, location, and impact details, during an
accident. In this project, an IoT-based Car Black Box
System is created using an ESP32 microcontroller. The
system is capable of automatically detecting accidents,
storing critical data in memory, and sending emergency
alerts along with real-time GPS location to nearby
hospitals or pre-set emergency contacts. The proposed
system is cost-effective, dependable, and contributes to
enhanced road safety by enabling quicker responses and
precise data recording.

1.1. Literature survey

Several researchers have developed vehicle black box
systems for accident monitoring and analysis. Blackbox
System for Car Accident Analysis focuses on recording
speed, location, and impact data using embedded sensors
for post-accident investigation. Jiang and Yu, in Design and
Implementation of Car Black Box Based on Embedded
System, used the Samsung S3C2410 processor with CAN
bus, GPIO, and A/D converters to collect vehicle
parameters such as speed,RPM, tire pressure, and seatbelt
status.

Another work, Design and Implementation of Blackbox in
Vehicles, proposed a system for continuously logging

driving data and accident events. These studies show that
black box systems improve safety, evidence collection, and
accident reconstruction.

1.2. Proposed Methodology

The proposed Car Black Box System is designed using
the ESP32 microcontroller as the central control unit for
monitoring and emergency communication. An IMU
sensor continuously measures acceleration, tilt, and
sudden impact to detect accidents or rollover conditions
accurately. A GPS module provides real-time vehicle
location, speed, and route details during travel. The CAN
bus module is used to collect important vehicle
parameters such as speed, brake status, engine RPM, and
engine condition from the vehicle network. When an
accident is detected, the ESP32 immediately records all
critical information including time, location, speed, and
impact value into an SD card for future investigation. At
the same time, an emergency alert message containing the
live GPS location is sent to the nearest hospital and
registered emergency contacts through GSM or Wi-Fi
communication. Cloud storage support is also provided to
securely back up accident records and enable remote
monitoring whenever internet connectivity is available for
users.
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Fig-1: Block diagram of Car Black Box System Using ESP32
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2. WORKING MECHANISM
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Fig-2: Flow chart for Car Black Box system using ESP32

The system begins operation when the vehicle power is
switched ON and the ESP32 initializes all connected
modules. After startup, the controller continuously collects
data from the CAN bus module, GPS module, and MPU6050
sensor. The CAN bus provides vehicle parameters such as
speed, brake status, and engine information, while the GPS
module supplies real-time location coordinates. The
MPU6050 sensor monitors acceleration, vibration, and tilt
angle to identify sudden impacts or rollover conditions. All
received data is processed and stored periodically for
continuous monitoring. The system then checks whether an
accident has occurred based on predefined threshold
values. If no accident is detected, the system continues
normal data logging and monitoring operation. If an
accident is detected, the ESP32 immediately searches for
the nearest hospital using the available location data. After
identifying the nearest hospital, an emergency alert along
with live GPS location is sent through GSM or Wi-Fi
communication to hospitals and registered contacts. The
system continues storing accident-related information in
memory for future analysis and then returns to monitoring
mode.

3. CIRCUITEXPLANATION
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Fig-3: System circuit diagram

This circuit show in Figure 3 consists of the ESP32
microcontroller as the main processing and control unit,
interfaced with various sensing, communication, and
storage modules for the Car Black Box System. The ESP32
receives input data from the MPU6050 sensor, GPS
module, and CAN interface module. The MPU6050 sensor
is connected through I2C communication pins and is used
to measure acceleration, vibration, and tilt angles for
accident detection. It helps identify sudden collision,
rollover, or abnormal movement conditions during vehicle
operation.

The GPS module is connected through UART serial
communication, where the TX and RX pins are linked to
the ESP32. It continuously provides latitude, longitude,
speed, and time information for real-time vehicle tracking.
The CAN interface module MCP2515/TJA1050 is
connected through SPI communication pins. It reads
important vehicle parameters such as speed, brake status,
RPM, and engine condition from the vehicle network.

An SD card module is also connected through SPI pins and
is used for storing accident data, speed records, sensor
values, and location details for future investigation. A GSM
module is connected through UART communication and is
used to send emergency alert messages with live GPS
location to nearby hospitals and registered contacts
whenever an accident is detected.

A 16x2 LCD display is connected to the ESP32 to display
system status such as GPS signal, GSM network condition,
and alert messages. The entire circuit is powered by a Li-
ion battery through a buck converter, which provides
regulated voltage levels. A switch is provided for ON and
OFF control of the system.
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4. RESULTS AND DISCUSSION

Fig-4: System model

The developed Car Black Box System was tested under
different operating conditions and showed satisfactory
performance. During normal vehicle movement, the ESP32
continuously collected data from the CAN bus, GPS
module, and MPU6050 sensor without interruption. The
GPS module successfully provided accurate location
coordinates in outdoor conditions, while the CAN interface
displayed vehicle speed and engine parameters correctly.
The MPU6050 sensor reliably detected sudden impact,
vibration, and tilt changes during simulated accident
conditions.

Whenever an accident was triggered, the system
immediately stored important data such as speed, time,
impact level, and location into the SD card. At the same
time, an emergency alert containing live GPS location was
transmitted through the GSM module to nearby hospitals
and registered contacts. The 16x2 LCD display clearly
showed system status, GPS signal, and network
availability.

The 16x2 LCD display clearly showed system status, GPS
signal, and network availability during operation. The
overall system operated reliably with low response time,
accurate monitoring, and stable communication
performance. The results confirm that the proposed
system is suitable for accident detection, emergency
response, and secure vehicle data recording applications.
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Fig-5: Web app dashboard
5. OBSERVATIONTABLE

Tablel presents various test conditions applied to the
proposed Car Black Box System along with the
corresponding inputs and observed responses. It
illustrates the system behavior under both normal and
emergency situations, including vehicle movement,
accident detection, GPS availabilityy, CAN bus
communication, and GSM-based alert transmission. The
results confirm that the system operates as intended by
continuously logging vehicle data during normal
conditions, detecting sudden impact or abnormal tilt
during accidents, and sending emergency notifications
with live location details. The table also demonstrates the
system’s ability to function effectively under practical
conditions such as temporary GPS unavailability or
network interruption while maintaining essential data
recording functions. Additionally, it highlights the reliable
storage of accident information in the SD card and accurate
monitoring of vehicle parameters through CAN
communication, which further improves the efficiency,
safety, and robustness of the proposed system.
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Tablel: Observation Table

i Table 8.1 - Observation Table

\ \
'|SLNO | Test Condition Input Given System Response |

1| Nomal Vehicle Movement| ~ Vehide ON | Continuous data logging started

\

2 | GPSSignal Available Qutdoor condition UveIocationcoordinatesreceived‘

N |
3 | CANBusActive Vehicle running Speedandenginedatadisplayed‘

\
4 | Sudden Impact Detected | Highvibrationjshock | Accident detected successfully

ey

5 | VehickeTitt Condition Abnomal it angle | Collision warning generated |

6 | Accident Confirmed Crashevent | Alert message sent to hospital

7 SD Card Available Accident event

Data stored successfully

8 | GSM Network Failure Nosignal | Alert pending unti network restored

9. EXPECTEDOUTCOMES

The proposed Car Black Box System is expected to
automatically detect accidents using sensors such as
accelerometer, gyroscope, and GPS modules. It can send
real-time emergency alerts with live location details to
nearby hospitals and rescue services for faster assistance.
The system provides accurate vehicle position and
accident severity information to improve response time
during emergencies. Important data such as speed, impact
force, time, and location are securely recorded in both
local SD card storage and cloud backup. These stored
records can be used as reliable evidence for insurance
claims and legal investigations. Overall, the system helps
improve road safety by enabling quick rescue operations,
proper accident analysis, and preventive measures for
future incidents.

7. FUTURESCOPE

The proposed Car Black Box System offers significant
scope for future enhancement with modern automotive
and IoT technologies. A camera module can be
integrated to capture images or continuous video before,
during, and after accidents, which can provide valuable
evidence for investigation and insurance claims.
Artificial intelligence and machine learning algorithms

can be implemented to analyze driving patterns, detect
rash driving, over speeding, sudden braking, lane
deviation, and predict accident severity in advance. A
dedicated mobile application can be developed for live
vehicle tracking, emergency notifications, route history,
and remote access to stored accident records.

Cloud computing and data analytics can be used to
manage multiple vehicles, monitor fleet performance,
and generate detailed safety reports. Additional sensors
such as alcohol detection, driver drowsiness monitoring,
heart rate sensors, smoke sensors, and cabin
temperature monitoring can improve driver and
passenger safety. Integration with airbags, automatic
braking systems, and engine cut-off control can reduce
accident impact.

In future, the system can be widely adopted in smart
cars, taxis, buses, trucks, ambulances, school vehicles,
and public transport systems. It can become a complete
intelligent vehicle safety platform with higher reliability,
automation, and real-time connectivity.

8. CONCLUSIONS

The proposed IoT Enabled Car Black Box System using
ESP32 successfully provides an effective solution for
accident detection, emergency communication, and
secure vehicle data recording. The system continuously
monitors important vehicle parameters such as speed,
location, acceleration, and engine status using CAN bus,
GPS, and MPU6050 sensors. During accident conditions,
it automatically detects abnormal impact or rollover,
stores critical information in an SD card, and sends
emergency alerts with live GPS location to nearby
hospitals and registered contacts through GSM or Wi-Fi
communication.

The developed system is low cost, reliable, and suitable
for real-time applications in modern vehicles. It supports
faster rescue operations, accurate accident analysis, and
reliable evidence for insurance and legal purposes. By
combining embedded systems with 1oT technology, the
project helps improve road safety and reduces delay in
emergency response. Hence, the proposed model can be
considered a practical and scalable solution for future
intelligent transportation systems.
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