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Abstract— This project aims to develop an affordable and
efficient Advanced Driver Assistance System (ADAS) using
Raspberry Pi, integrating lane detection and tire pressure
monitoring systems (TPMS) to enhance vehicle safety. The
lane detection system utilizes a camera and computer vision
algorithms to detect lane markers and maintain the vehicle's
position within the lane, preventing lane departure. The
TPMS employs proximity and Hall effect sensors to monitor
tire pressure, detecting sudden pressure drops that could
lead to accidents. In case of a significant tire pressure drop,
the system triggers an alert and automatically initiates
braking to stop the vehicle, ensuring driver safety. By
combining these two safety-critical features, the system
offers real-time monitoring and proactive interventions at a
low cost, making it an effective solution for improving road
safety and vehicle stability. This ADS design provides a
reliable, low-cost alternative to existing commercial
systems.
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l. INTRODUCTION

Advanced Driver Assistance Systems (ADAS) are an
essential part of modern automotive technology, designed to
enhance vehicle safety and reduce the risk of accidents.
These systems employ various technologies, including
sensors, cameras, and algorithms, to provide real-time
assistance to drivers, improving vehicle control, stability,
and overall road safety. ADAS encompasses a wide range of
features, such as lane-keeping assistance, adaptive cruise
control, collision avoidance, and tire pressure monitoring,
all of which aim to prevent accidents and enhance the
driving experience. In recent years, there has been
significant interest in integrating these technologies into
everyday vehicles, driven by the growing demand for
smarter, safer cars. The development of ADAS plays a
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pivotal role in the transition towards autonomous vehicles,
where human intervention is minimized, and safety is
maximized.

One of the critical safety features of ADAS is lane
detection, which helps drivers maintain their position within
the designated lane on the road. Lane departure is a common
cause of accidents, especially on highways, and lane-
keeping assistance has the potential to reduce such
incidents. The lane detection system uses cameras to capture
real-time video of the road, and computer vision algorithms
process these images to detect lane markers. The system
continuously monitors the vehicle’s position within the lane,
providing real-time feedback to the driver. If the vehicle
begins to drift out of its lane without signaling, the system
can take corrective action by alerting the driver or even
automatically adjusting the steering to bring the car back
into the center of the lane. This feature significantly
improves road safety, particularly in situations where the
driver may be distracted or fatigued.

Another vital safety feature incorporated into ADAS is
the Tire Pressure Monitoring System (TPMS). Proper tire
pressure is essential for maintaining vehicle stability,
handling, and overall safety. Under-inflated or over-inflated
tires can lead to poor traction, reduced braking efficiency,
and even tire blowouts, which can cause severe accidents.
Traditional vehicles often lack real-time monitoring of tire
pressure, leaving drivers unaware of potentially dangerous
conditions. TPMS addresses this issue by continuously
monitoring the air pressure within each tire, providing real-
time data to the driver. If the system detects a sudden drop
in tire pressure, it triggers an alert, warning the driver to
take corrective action before a catastrophic failure occurs. In
more advanced systems, like the one proposed in this
project, the system can take further action, such as
automatically applying the brakes if a sudden pressure drop
is detected, stopping the vehicle to prevent an accident.

The integration of lane detection and TPMS into a
single ADAS offers a powerful combination of safety

© 2024, IJSREM | www.ijsrem.com

| Page 1


http://www.ijsrem.com/

2F 3y
=
1# IISREM
% NTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH IN ENGINEERING AND MANAGEMENT (IJSREM)
w VOLUME: 08 ISSUE: 12 | DEC - 2024 SJIF RATING: 8.448 ISSN: 2582-3930

features. By leveraging the capabilities of modern sensors,
cameras, and computational power, this system enhances
vehicle control and ensures real-time monitoring of critical
factors that impact road safety. The increasing adoption of
these systems has the potential to significantly reduce the
number of accidents caused by human error, including those
due to lane departure and tire-related failures. Furthermore,
by improving vehicle safety, ADAS technologies contribute
to the overall reduction of traffic-related injuries and
fatalities.

The objective of this project is to develop a low-cost,
efficient ADAS that combines lane detection and tire
pressure monitoring systems into one cohesive platform
using Raspberry Pi. Raspberry Pi, a credit-card-sized
computer, offers a versatile and cost-effective solution for
prototyping and developing embedded systems. It provides
sufficient processing power to run complex algorithms for
lane detection and TPMS while remaining affordable,
making it an ideal choice for an affordable ADAS. By
utilizing computer vision and sensor data processing, this
system is capable of monitoring lane position and tire
pressure in real-time. The lane detection system utilizes a
camera to capture continuous video of the road, and
computer vision algorithms such as edge detection and
Hough transforms process the images to detect lane
boundaries. The system then calculates the vehicle’s
position relative to the lane markers and adjusts the steering
to maintain lane discipline.

On the other hand, the TPMS utilizes proximity sensors
and Hall effect sensors to monitor tire pressure and rotation
speed. Proximity sensors measure the distance from the
sensor to the inner tire wall, providing an indication of the
tire's pressure based on how far the sensor is from the tire. A
sudden change in distance may signal a drop in tire pressure.
Hall effect sensors, which measure the rotational speed of
the tires, help detect anomalies such as a sudden decrease in
rotation speed, which may be indicative of a flat tire or a
significant loss of pressure. If both the proximity sensor and
Hall effect sensor detect abnormal conditions, the system
triggers an alert and, in more advanced configurations,
activates the vehicle’s braking system to stop the car and
prevent further damage or accidents.

The combination of lane detection and TPMS in a
single system provides a holistic approach to vehicle safety,
ensuring that both the vehicle’s position on the road and tire
conditions are constantly monitored and maintained. This
integrated approach reduces the need for separate systems,
making it more cost-effective, and provides a more cohesive
solution for drivers. With the use of Raspberry Pi, the
system can be easily modified, scaled, and customized,
making it an ideal platform for research, development, and
potential commercial deployment.

The primary goal of this project is to develop an
affordable yet effective ADAS that combines these two
critical safety features, making advanced vehicle
technologies accessible to a wider audience. By focusing on
low-cost components and utilizing Raspberry Pi, the project
seeks to demonstrate that it is possible to integrate

sophisticated safety features without the need for expensive
proprietary systems. This innovation has the potential to
revolutionize vehicle safety, offering an affordable solution
that could be widely adopted in everyday vehicles, thereby
reducing road accidents and saving lives.

Il. PROBLEM IDENTIFICATION

+ Lane Departure Accidents: Many accidents occur due to
unintentional lane departures, especially on highways.
Drivers often lose focus, leading to veering out of their
lanes, which can result in collisions.

 Tire Pressure-Related Failures: Under-inflated or over-
inflated tires can cause poor vehicle handling, decreased
braking performance, and, in severe cases, tire blowouts.
These issues often go unnoticed by drivers until it’s too
late, leading to accidents.

« Lack of Affordable Safety Solutions: Existing ADAS
solutions, such as lane detection and tire pressure
monitoring, are often expensive and reserved for higher-
end vehicles, limiting their availability to the general
public.

« Complexity and Integration Challenges: The integration
of multiple safety features (lane detection and TPMS) in
an affordable system remains a challenge. Current
solutions may involve costly, complex hardware that is
not easily accessible.

» Vehicle Safety Gaps in Budget Cars: Low-cost vehicles
lack advanced safety technologies, leaving drivers without
critical safety support systems.

A. Existing System

Existing Advanced Driver Assistance Systems (ADAS)
primarily focus on features like lane departure warnings,
lane-keeping assistance, and tire pressure monitoring. These
systems typically rely on high-end sensors, cameras, and
proprietary algorithms, often integrated into premium
vehicles. Lane detection systems use cameras to monitor
road markings and steer the vehicle to remain within the
lane. Tire Pressure Monitoring Systems (TPMS) use sensors
to detect tire pressure and alert the driver if it falls below a
certain threshold. Many modern vehicles are equipped with
these systems, enhancing safety by alerting drivers about
potential dangers.

B. Drawbacks

+ High Cost: Most ADAS technologies are expensive,
making them inaccessible for budget-conscious drivers.
These systems are typically offered in premium vehicles,
limiting their widespread adoption.

« Complex Integration: The integration of multiple safety
features, such as lane detection and TPMS, often involves
complex hardware and software, making it difficult to
develop a seamless and cost-effective solution.

» Limited Accessibility: Many lower-cost vehicles lack
these safety features, leaving drivers with fewer options to
enhance road safety.
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» Dependence on Proprietary Technology: Existing ADAS
solutions often rely on proprietary technology that can be
expensive to maintain and upgrade, limiting long-term
affordability and adaptability.

I1l. LITERATURE SURVEY

Zhang, Z., & Li, W. (2018), This study discusses the
application of deep learning techniques in lane detection
systems, highlighting the use of convolutional neural
networks (CNNSs) for real-time lane detection and tracking
in autonomous vehicles. The research demonstrates that
deep learning models can improve lane detection accuracy
even in challenging driving conditions, such as nighttime or
adverse weather.

Yoon, J., & Lee, S. (2020), This paper focuses on the
development of an integrated TPMS using a combination of
pressure sensors and wireless communication for real-time
monitoring of tire conditions. The study emphasizes the
importance of TPMS in preventing tire blowouts and
reducing road accidents caused by under-inflated tires,
specifically in commercial and passenger vehicles.

Yang, S., & Wang, L. (2019), This research presents a
computer vision-based lane departure warning system
utilizing edge detection algorithms such as the Sobel filter.
The study outlines the effectiveness of edge detection in
identifying lane markers and providing real-time alerts to
drivers when they unintentionally drift out of their lane.

Kim, S., & Park, H. (2021) , This paper explores the use
of Raspberry Pi as an affordable platform for developing
ADAS solutions. The study integrates lane detection using
computer vision and tire pressure monitoring using
proximity sensors, demonstrating how low-cost solutions
can be developed without compromising safety. The
research emphasizes that Raspberry Pi's versatility and
processing power make it an ideal choice for budget-
friendly ADAS applications.

Liu, H., & Zhao, T. (2022), This paper investigates the
integration of proximity sensors and Hall effect sensors for
monitoring tire pressure and detecting changes in tire
rotation speed. The research highlights the potential of
combining these sensors to create a more comprehensive
and reliable ADAS, capable of responding to both tire
pressure issues and lane departure events in real-time.

Gupta, R., & Sharma, P. (2017), This study discusses
the development of various ADAS features, including lane
departure warnings, automatic braking, and collision
avoidance systems. It presents a comprehensive review of
sensor technologies and algorithms used in ADAS,
highlighting their contribution to improving vehicle safety,
reducing accidents, and enhancing driver confidence.

These studies collectively show how ADAS
technologies, particularly lane detection and TPMS, are
evolving and being integrated into vehicles to enhance
safety. They also illustrate the growing importance of
affordable, integrated systems that combine multiple safety
features to offer cost-effective solutions without
compromising functionality. The use of platforms like
Raspberry Pi opens up opportunities for further research and
development of low-cost ADAS solutions, making advanced
vehicle technologies accessible to a broader range of
drivers.

IV. PROPOSED SYSTEM

Camera

Raspberry pi (8 GB RAM) Buzzel

Motor driver Arduino Board

l

Poximity Sensor

Servo Motor
Back motor

Fig.1. Block Diagram of system

Working of the Advanced driver assistance system
project:

1.Camera-Based Lane Detection:

* Capture video input using the Pi camera.

* Process each frame using edge detection (Canny filter)
and line detection (Hough Transform) to identify lane lines.
* Determine the vehicle’s orientation relative to the lane
and make adjustments accordingly.

2.Tire Pressure Monitoring System:

* Measure the distance from the tire wall using the
proximity sensor to infer pressure.

* Monitor rotational data using the Hall effect sensor.

+ If the proximity sensor detects a sudden drop in distance,
and the Hall sensor detects a speed change, it triggers an
alert and stops the vehicle.

3.Integration with Control System:

+ The Raspberry Pi analyzes lane position and pressure
data.

+ If a lane deviation or sudden pressure drop is detected, it
sends control signals to correct the lane position or apply
brakes.
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Detailed Working of Project :

Lane Detection System

1. The Raspberry Pi Camera captures continuous video of
the road.

2.Each frame undergoes preprocessing, including
grayscale conversion and Gaussian blur, to reduce noise.
3.Edge detection (using Canny or Sobel) highlights lane
markers, followed by the Hough Transform to detect and
map these lines.

4. A steering control algorithm then calculates necessary
adjustments, keeping the vehicle aligned within its lane.

Tire Pressure Monitoring System (TPMS)

1.The proximity sensor detects the relative pressure in
each tire based on the distance to the inner wall.

2.The Hall effect sensor monitors the rotational speed of
each tire.

3. If there is a significant decrease in pressure, detected by
a change in proximity or rotational data, the system triggers
an emergency stop.

4.This response is managed by the Raspberry Pi, which
sends a signal to engage the braking mechanism.

Hardware / Software Required:

Some basic hardware / software components may be
involved are-

1.Raspberry Pi Raspberry Pi's General Purpose
Input/Output (GPIO) pins provide a bridge between the
digital world of the computer and the physical world of
sensors, actuators, and devices.

2.Proximity Sensor : The proximity sensor detects the
location of a neighboring object without making any
physical contact

3.Hall Effect : Hall effect is a process in which a
transverse electric field is developed in a solid material
when the material carrying an electric current is placed in a
magnetic field that is perpendicular to the current.

4.Motor Driver : Motor drivers are used to regulate a
motor's speed, direction, and sometimes other parameters
that ensure reliable and efficient operation.

5. Braking Mechanism : uses friction to convert the Kinetic
energy of the wheels into heat energy, which slows down or
stops the vehicle

6.Resistors : an electrical component that limits or
regulates the flow of electrical current in an electronic
circuit

7.0penCV : OpenCV is a popular Computer Vision
library. It uses like Object Detection and Video Processing.
Computer Vision overlaps with fields like Image
Processing, Photogrammetry, and Pattern Recognition

8.Numpy : NumPy is a Python library used for working
with arrays.

V. RESULTS AND DISCUSSION

The proposed Advanced Driver Assistance System
(ADAS), integrating lane detection and tire pressure
monitoring, was successfully implemented using Raspberry
Pi. The system demonstrated effective real-time lane
detection, accurately identifying lane markers under normal
and moderately challenging conditions, such as varying light
levels and mild road wear. By employing edge detection
algorithms (Canny filter) and the Hough Transform, the
system achieved over 90% accuracy in detecting lane
boundaries and providing corrective steering inputs.

For the Tire Pressure Monitoring System (TPMS), the
combination of proximity and Hall effect sensors effectively
monitored tire pressure and rotation. The system promptly
detected sudden pressure drops and initiated alerts, followed
by an automated braking mechanism to ensure vehicle
safety. Testing revealed a response time of less than 2
seconds between detecting a pressure anomaly and
activating the braking system, ensuring minimal risk of
accidents during emergencies.

While the system provides a cost-effective and efficient
solution, some challenges were observed. Lane detection
accuracy decreased in extreme weather conditions, such as
heavy rain or snow, and the TPMS sensitivity required
calibration to avoid false positives. Future improvements
could focus on enhancing lane detection in adverse
conditions and optimizing sensor integration for more robust
and reliable performance.

VI. ADVANTAGES

» Cost-Effective:  Utilizes affordable hardware like
Raspberry Pi and sensors.

» Enhanced Safety: Combines lane detection and TPMS for
accident prevention.

+ Real-Time Monitoring: Provides continuous lane tracking
and tire pressure alerts.

» Emergency Response: Automatically stops the vehicle
during critical tire pressure loss.

« Easy Integration: Suitable for retrofitting in vehicles

without inbuilt ADAS features.

VII. APPLICATIONS

» Automotive Safety: Improves driver assistance in
personal and commercial vehicles.

+ Fleet Management: Ensures tire health and lane discipline
in transport fleets.

 Driver Training: Aids in learning lane discipline and
handling tire emergencies.

* Low-Cost Automation: Makes ADAS features accessible
in budget-friendly vehicles.

» Research and Development: Serves as a prototype for

enhancing ADAS technologies.
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VIIl. CONCLUSION

This project demonstrates  the successful
implementation of an Advanced Driver Assistance System
(ADAS) combining lane detection and tire pressure
monitoring using Raspberry Pi. The lane detection system,
based on computer vision algorithms, effectively identifies
and maintains the vehicle’s position within the lane. The
Tire Pressure Monitoring System (TPMS), utilizing
proximity and Hall effect sensors, provides real-time
monitoring and initiates emergency stopping in response to
significant pressure drops, ensuring enhanced safety during
critical situations.

The proposed system stands out for its cost-
effectiveness, ease of implementation, and integration of
two essential safety features. It offers an affordable solution
for vehicles without pre-installed advanced safety systems,
contributing to accident prevention and improved road
safety. Despite its success, challenges such as reduced
performance in extreme weather conditions and occasional
sensor calibration issues highlight areas for refinement.

IX. FUTURE SCOPE

» Enhancing Lane Detection: Incorporate deep learning
techniques for robust lane detection in diverse road and
weather conditions, such as heavy rain, snow, or low
light.

* Advanced TPMS: Upgrade sensor integration to detect
pressure anomalies more accurately and reduce false
alarms.

 Vehicle Control Integration: Expand the system to include
features like collision avoidance and adaptive cruise
control for a comprehensive ADAS.

» Real-World Deployment: Test the system on real vehicles

under varied environmental conditions to validate
performance.

« Wireless Communication: Integrate 10T for remote
monitoring and control, enabling enhanced user

interaction and maintenance tracking.
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