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Abstract

The main goal is to create a Black Box System for Vehicle that can be used to enhance road safety. To
record accident data, as well as the location of the accident, an SOS message, the temperature of the
car, and an automatically administered breathalyzer test for the driver, we are developing a black box
in this project. The Black Box for Vehicle can aid in making automobiles safer, gather the accidental
evidence in form of video, assisting insurance companies with their vehicle crash investigations, and
improving road conditions to lower the death rate. An important technical development that aims to
improve road safety and provide essential data for accident analysis is the Vehicle Black Box System
(VBBS). Like aviation black boxes, this technology logs a vehicle's speed, braking, and engine
performance, among other operational characteristics. This review article explores the VBBS's
introduction, applications, benefits, relevance, and conclusion, emphasising how it might completely
transform accident investigation and vehicle safety. Increasing commercial use of the Global
Positioning System will soon make it possible to locate anything, anywhere, anytime. The Global
Positioning System can provide extremely accurate location information for mobile objects and people
which is far superior to earlier tracking techniques. The challenge today is integrating the necessary
components into older systems and improving GPS accuracy in areas with numerous obstructions. As
more devices become GPS enabled, accuracy will increase, and the system's scale and global reach
will benefit everyone. Wireless technology promises to be a key element in any long-term solution.
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INTRODUCTION

According to the World Health Organization, there are about 1.35 million deaths and 20-50 million
injuries as a result of car accidents globally every year. Especially, a certain proportion of deaths and
injuries are due to untimely treatment and secondary accidents which results from that rescue agency
and vehicles around accident cannot obtain quick response about the accident. Therefore, it is vital
important to develop an efficient accident detection
method, which can significantly reduce both the
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number of deaths and injuries as well as the impact
and severity of accidents [1].

There are many reasons for road accident
happenings like improper construction and
maintenance of the roads, overcrowding and
increasing count of vehicles. Apart from this, the
lack of road sense by the drivers and other users of
the road has further complicated matters. Mostly the
youngsters are losing their lives on the roads
because of rash driving, drunken driving and other
reasons, which is a great loss for our nation. The
flight data recorders used in the aviation industry,
which have shown to be extremely helpful in
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accident investigation and prevention, served as the model for the Vehicle Black Box System. There is
a rising need for thorough data gathering systems that can offer precise and in-depth information
regarding vehicular operations before to, during, and following an incident due to the growing number
of cars on the road and the associated rise in traffic accidents. This need is fulfilled by the VBBS, which
records and continuously monitors important vehicle parameters, providing information on the reasons
behind accidents and facilitating the creation of preventative measures.

This initiative aims to transform the field of auto accident investigation by recording data such as
speed, vehicle temperature, and engine temperature. It can also be used for accident warning and vehicle
mapping using GPS and GMS technology. Black box systems are the first step in resolving this issue,
which crosses national boundaries and jeopardizes people's health and safety everywhere. As you are
aware, the present rates of accidents can occur for a number of causes. It is important to consider the
aftermath of an accident and to get ready for insurance and claims. The policy contains various clauses
[3]. Enforcing any agreements requires the appropriate paperwork. This dark box will assist you in
reaching that Black Box aids in the settlement of your claim with your insurance provider. Additionally,
an accident tracking system will be implemented. Your home contact number will receive a warning
message with the vehicle's current GPS location when it is involved in an accident. This system is
helpful in saving lives. A black box serves as a safe storage system in theory. endures in its entirety in
all environmental circumstances. The black box uses a memory card to store different vehicle
parameters [2].

Important VBBS Data Acquisition Module Elements

Data collection from the vehicle's many sensors is handled by this module. GPS coordinates, engine
RPM, throttle position, speed, acceleration, and brake force are examples of common metrics that are
recorded.

Sensors
To obtain the required data, a variety of sensors are used. These consist of GPS modules, speed
sensors, gyroscopes, accelerometers, and engine control unit (ECU) interfaces [4].

Data Storage Unit

The storage unit needs to be strong and able to hold onto data even in the event of a catastrophic crash.
Because of their dependability and longevity, solid-state drives (SSDs) and specialised flash memory are
frequently utilised.

Sensor raw data is processed by the data processing unit, which also prepares it for storage. Moreover,
it carries out preliminary analysis and diagnostics to guarantee data integrity.

Power Supply
In the event that a vehicle's primary power source fails, a dependable power supply—typically paired
with a backup battery—is essential to maintaining continued operation.

The communication module facilitates the transfer of data to external systems for additional analysis.
It might have wireless communication features like Wi-Fi, cellular networks, or technology for
dedicated short-range communication (DSRC).

METHODOLOGY
Combining Traditional and Contemporary Technologies
1. Cloud computing and IoT: The possibilities of VBBS are improved by integrating it with cloud
computing and IoT. Data can be transmitted in real-time to cloud servers, enabling ongoing
analysis and monitoring. The gathered data can be subjected to advanced analytics to glean
insights and anticipate possible problems.

© STM Journals 2024. All Rights Reserved 39



Journal of VLSI Design Tools & Technology
Volume 14, Issue 2
ISSN: 2249-474X (Online), ISSN: 2321-6492 (Print)

2.

3.

The utilisation of Al and Machine Learning: It is possible to use Al and machine learning
algorithms to examine the enormous volumes of data that VBBS has gathered. These tools can
be used to spot trends, foresee collisions, and enhance general car safety.

V2X, or Vehicle-to-Everything Interaction: In order to facilitate communication between vehicles
and infrastructure, VBBS can be linked with VV2X communication systems. This makes proactive
safety measures possible and improves situational awareness.[5].

VBBS Modelling

1.

Simulation and Testing: Extensive simulation and testing of the VBBS model is required prior to
actual implementation. In order to evaluate how the system reacts to various scenarios—such as
different kinds of crashes and environmental conditions—virtual environments must be created.
The system design can be optimised and possible problems can be found with the aid of simulation.
Development of Prototypes: After the simulation phase is completed, a physical prototype is
created for the model. To verify its functionality, this prototype is put through a thorough testing
process in a controlled environment. Any differences between the performance that was expected
and what really happened are examined and fixed.

Experiential Evaluation: Installing the VBBS in real cars and doing field testing comprise the
last step. This practical testing is essential to evaluate the system's efficacy and dependability
under various operating circumstances. Final system design modifications are based on input
from field testing.

Gathering and Handling Data: For all parameters to be recorded in unison, the data collection
system needs to be built to handle several data streams at once. Data integrity checks and
preliminary diagnoses require real-time data processing. Sensor mistakes can be corrected, and
noise can be filtered using sophisticated algorithms.

Solutions for Data Storage: The storage system needs to be built to survive harsh circumstances,
such as temperature swings and strong impact pressures. In order to stop data loss or corruption,
error correction methods and data redundancy are essential.

Control of Power: For the VBBS to function, a continuous power source must be guaranteed.
This entails creating a power management system that, in the event of a primary power outage,
can easily transfer to a backup battery. It is preferable to use low power consumption components
to increase the system's operational life.

Interaction and Information: Exchange Effective data transfer to external systems should be
made possible by the communication module design. Data streaming in real-time to cloud servers
or local storage for sporadic offloading could be involved in this. It is necessary to use dependable
and secure communication protocols to safeguard the data while it is being transmitted.

System Requirements and Specifications for VBBS Design

1.

Setting the system requirements and specifications is the initial stage in creating a VBBS. This
entails determining the important characteristics that must be recorded, the data's necessary
precision and resolution, and the environmental factors that the system must be able to endure.
These criteria are largely defined by industry guidelines and regulatory regulations.

Integration and Selection of Sensors: Appropriate sensor selection is essential for precise data
collecting. The sensors need to be able to function in the dynamic settings of the vehicle and
deliver accurate measurements. In order to efficiently gather pertinent data, integration entails
placing the sensors in the car in strategic locations.

Figure 1 shows the operational sequence of our black box for vehicle project. The process starts with
gathering different kinds of data from sensors in accordance with their specifications. Following data
retrieval, the information is transmitted to a micro-controller that can establish a Bluetooth or wi-fi
interface.
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Utilizing Wi-Fi connectivity makes it simple to transfer the collected data to the database. We will
be able to store all our information for a few days or months in the database. Additionally, the database
and website are connected, allowing you to monitor the data that is kept there.

A web server is nothing but used to interface the database and website which enables us to view real-
time data captured by sensors in real time which will help every person who is using this project in their
vehicles.

Figure 2 is the basic block diagram of project which shows the which type sensors are required in
this project which will clearly tell us the main perspective of the project. Also, by understanding this
block diagram, all the basic concepts related to the project will be comprehended.

The following diagram is showing the which signal is transferred from each sensor to the
microcontroller.

Figure 3 is signal flow, in its most abstract form, refers to the movement and transformation of
information or energy through a system. This concept applies across various domains, each with its
unique components and processes. Here’s an abstract overview of signal flow.

Circuits diagrams in Figure 4 for circuits that convert and supply electrical power, such as AC-DC
converters and voltage regulators Diagrams showing various types of amplifiers like operational
amplifiers (op-amps) and transistor amplifiers. Used to generate periodic signals, including circuits like
sine wave oscillators and clock generators.

Micro-

Sensors
Controller Database Web server

\4

v
A 4

Figure 1. Workflow diagram of the system.
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Figure 2. Basic block diagram of the vehicle black box system.
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Figure 3. Signal Flow Diagram.

Figure 4. Circuit Diagram.

RESULT AND ANALYSIS

Table 1 shows the experimental details of the project. Circuit Diagram shown in Figure 5 In which
we have tested it in real time for various time stamps in which as a example we had measured the
temperature, alcohol detection and the Impact detection also capture the image at the time of impact.
Website Output shown in Figure 6.

The below image is showing the graphical representation of out when impact, Alcohol, temperature
is detected above the normal condition. Also, the all the detection will be shown in the LCD display
connected in the circuit which help the driver. The Figure 7 is showing the text message which is send
to respective person with link of map where the impact of car is detected.[6]
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Significance & Applications
Accident Investigation

This is the main field in which the VBBS is used. The device gives investigators a comprehensive
picture of the circumstances leading up to and during an accident by capturing data such as vehicle
speed, throttle position [7-10], braking force, and steering angle. Determining the cause of the crash and
comprehending its dynamics require this information.

Table 1. Experimental details of the project.

Sr. No. Time Temperature | Alcohol Detection | Impact
Detection(°C) Detection

1 11:00Am 35 No No

2 12:00Am 37 No No

3 12:50Am 38 No Yes

4 01:00PM 38 No No

5 02:00PM 39 No No

6 03:00PM 39 No No

7 04:20PM 39 No No

8 05:00PM 38 No No

Figure 5. Circuit Diagram.
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Figure 6. Website Output.

Driving Behaviour Monitoring

Traffic law compliance and other driving behaviour can be observed using VBBS. For owners of
business fleets who need to make sure that their drivers are driving cars safely and responsibly, this is
very helpful.

Insurance Claims
By using VBBS data, insurance firms may more precisely determine the facts around an accident,
resulting in prompt and equitable claim payouts. This may also aid in the decrease of false claims.
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Figure 7. Text Message.

Vehicle Maintenance

VBBS can help with predictive maintenance by monitoring several vehicle performance factors. The
lifespan of the car and its safe operation can be increased by using data on engine performance, fuel
efficiency, and other metrics to spot possible problems before they become significant ones.

It is impossible to overestimate the importance of the Vehicle Black Box System. Global traffic
volumes are rising, making it more important than ever to track, evaluate, and enhance vehicle safety.
In addition to supporting post-accident investigation, VBBS actively works to prevent accidents. It helps
stakeholders put into place efficient safety measures by offering insightful information on driver
behaviour and vehicle performance. The system's value proposition is further enhanced by its potential
to lower insurance fraud and speed up the processing of claims.

DISCUSSION

An important step forward in the direction of increased traffic safety and effective accident
investigation is the Vehicle Black Box System. It is a vital tool for many stakeholders, including law
enforcement, insurance firms, automakers, and fleet operators, because to its capacity to deliver
comprehensive, accurate, and unbiased data. The combination of VBBS with other cutting-edge
technologies like 10T and Al is anticipated to improve its capabilities even more as technology develops,
opening the door to safer roadways and a decline in traffic-related fatalities and injuries.

CONCLUSION

The incorporation of an advanced vehicle black box system enhances road safety and mitigates
accidents caused by impaired driving and other factors. The system can effectively monitor driver
sobriety, vehicle condition, and real-time positioning. The information gathered by the circuit is
visualized on web sites in the form of graphical representation with respect to the time and the
information is displayed on the LCD display. Afterwords the SOS message and GPS location sent in
the text format.
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