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Abstract— The advent of vehicles capable of
operating without human intervention has
revolutionized the automotive sector, offering the
prospect of safer and more efficient transportation
systems. Now a days, accidents are increasing and
there is no specific process for the implementation
of road safety. In this project, we propose an
autonomous driving system implemented on a
Raspberry Pi platform, autonomous car, lane
detection, functionalities. The system utilizes a
Raspberry Pi, paired with a Pi the camera module
has the ability to capture images videos with ease
for real-time image capture and processing. Lane
detection is performed using image processing
techniques to detect lane markings on the road,
enabling the vehicle to stay within its lane and
navigate safely. The proposed system aims to
provide a comprehensive autonomous driving
solution that can be implemented on low-cost
hardware and lightweight deep learning models,
making it accessible for research, education, and
prototyping purposes. The system demonstrates
the potential for autonomous vehicles are designed
to navigate safely and intelligently on their own
real-world environments.

Keywords— Autonomous driving, Raspberry Pi,
Lane detection, Real-time system, Open CV.

I. INTRODUCTION

Autonomous vehicles, commonly referred to as self-
driving or driverless cars, epitomize a revolutionary
leap in transportation technology. Possessing the
ability to navigate roads, interpret their environment,
and autonomously make driving decisions, reducing
the reliance on human intervention. Throughout the
last decade, autonomous cars have witnessed
significant development and become a focal point of
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innovation and investment across various industries,
from automotive giants to tech startups. Develop
reliable cars, safer, most responsive for customers of
the future generation. The concept of autonomous
cars has captured public imagination and generated
significant excitement due to their potential for a
revolution in commuting, travel, and interactions with
transportation systems. With the progress in artificial
intelligence and computing capabilities, autonomous
vehicles are swiftly transitioning from experimental
models to practical solutions for addressing real-
world transportation issues.

The rise of autonomous cars is propelled by a
combination of factors, including concerns regarding
road safety and environmental sustainability. Through
the elimination because they eliminate human error, a
significant factor in accidents, autonomous vehicles
hold the promise of significantly reducing road
fatalities and injuries.

Additionally, self-driving cars can enhance traffic
flow, minimize commute durations, and improve
overall transportation efficiency. In recent times,
significant investments in research and development
by major automotive manufacturers, technology
firms, and startups have been directed towards
bringing autonomous cars to market. These
endeavours have resulted in the creation of advanced
sensors like LiDAR, radar, and cameras, enabling
autonomous vehicles to accurately perceive and
interpret their surroundings with a high degree of
accuracy.

Additionally, advances in machine learning and
artificial intelligence algorithms empower
autonomous cars to make complex decisions in real-
time, adapting to changing road condition and
unforeseen obstacles.
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Self-driving cars offer enhanced mobility to those
who cannot drive due to reasons such as age,
disability, or other limitations. By offering a reliable
and accessible transportation option, autonomous
vehicles improve access to essential services,
employment opportunities, and social activities for a
broader range of people. Autonomous driving
technology allows passengers to utilize the time
previously spent driving for other activities such as
work, relaxation, or entertainment. This newfound
productivity improves individuals' quality of life and
supports economic growth. The development of
autonomous cars drives innovation in technology,
manufacturing, and urban planning. By pushing the
boundaries of Al, robotics, and sensor technology,
self-driving vehicles pave the way for new
advancements that benefit society.

An autonomous car employing Raspberry Pi and
OpenCV harnesses the processing power of
Raspberry Pi's hardware and the computer vision
capabilities of OpenCV to navigate its surroundings.
The system begins by integrating various sensors,
such as cameras, pi Cam to capture environmental
data. OpenCV then processes the visual data obtained
from these sensors, employing algorithms for task like
lane detection. Using OpenCV, the car identifies and
interprets objects in its path, including pedestrians,
vehicles, and road markings. It utilizes this
information to generate a real-time understanding of
the environment, creating a virtual map to navigate
through. This mapped data informs decision-making
algorithms on path planning, route optimization, and
collision avoidance.

This paper presents a practical and economical
strategy for autonomous driving using a lightweight
deep learning model. The model efficiently functions
on devices with limited resources, facilitating real-
time processing. A small-scale vehicle equipped with
scalar and vision sensors and powered by a Raspberry
Pi serving as the central processing unit, it navigates
autonomously along a predefined route. Following
points outline the operational framework of this
project

1. A Driver-less model car with raspberry pi is
preferred, it has some tasks:

a. The Driver-less car model autonomously navigate
along a predetermined track and possesses the ability
to move in these directions: forward, left,

turn right, backward and stop.

b. The model car employs detection and recognition
algorithms to identify different task like lane
detection enabling it to respond appropriately
based on their meanings and instructions.

c. Lane detection plays a vital role in autonomous
cars systems, allowing vehicles to navigate
securely within designated lanes. Our approach
involves real-time image processing techniques to
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detect lane markings from a video feed captured by
a Raspberry Pi camera module.

2. We utilize the Canny edge detection algorithm to
enable the robot to move independently. This
method enables the robot to perceive its
surroundings and navigate autonomously.

II. LITERATURE SURVEY

Rahul P. Kharapkar in 2020 discussed an IoT-based
self-driving car utilizes sensors and connectivity to
navigate autonomously. It employs technologies like
GPS, cameras, and lidar for environment perception.
The car communicates with a central server or cloud
platform to access real-time data and updates.
Machine learning algorithms analyse sensor data to
make decisions on steering, acceleration, and braking.
Because they eliminate human error, a significant
factor in accidents, autonomous vehicles hold the
promise of significantly reducing road fatalities and
injuries. Applications range from urban mobility
solutions to delivery services and ride-sharing
platforms. The car's performance relies on network
reliability, sensor accuracy, and algorithm robustness.
Overall, it represents a cutting-edge integration of [oT
and autonomous driving technologies [1].

Ming-Han Lee Presented the design of an autonomous
and manual driving system for a 4WIS4WID vehicle
incorporates both human-controlled and automated
driving capabilities. The system incorporates various
sensors like cameras, lidar, and radar to perceive the
environment. Machine learning algorithms analyse
the sensor data to facilitate autonomous navigation,
taking into account aspects such as obstacle avoidance
and route planning. The system includes a user
interface for manual driving mode, allowing drivers
to take control when desired. It ensures seamless
transition between autonomous and manual modes for
enhanced flexibility and safety. Applications span
from personal vehicles to industrial and military
applications. Performance hinges on sensor accuracy,
algorithm efficiency, and user interface intuitiveness.
Overall, it presents an
advanced solution for
transportation [2].
Aninditya Anggari Nuryono in 2020 discussed the
robotic vision is a robot utilizes a camera to track lines
utilizing image processing methods, the system
identifies the path on the ground and adjusts its
movement accordingly. The robot's onboard software
analyses the camera feed to stay centered on the line.
It employs algorithms like PID control to regulate its
speed and direction. This system allows the robot to
follow predefined paths accurately. It's commonly
used in educational settings for teaching robotics and
computer vision concepts. The robot's performance
depends on factors like lighting conditions and line
contrast. Overall, it's an effective method for

versatile and efficient
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implementing autonomous navigation in simulated
environments [3].

Sagar Shetty in 2019 discussed a line-following robot
using image processing employs a camera to capture
the robot's path. It processes the images to detect lines
and determines the robot's position relative to the
path. Algorithms like PID control are often this data
is utilized to manage the robot's motion. By analysing
pixel data, the robot adjusts its direction to stay on
course. This method is commonly used in robotics
competitions and industrial automation for precise
navigation tasks. It's an efficient way to implement
autonomous guidance systems without relying on
physical sensors. The robot's performance depends on
factors such as image quality and processing speed.
Overall, it offers a versatile solution for various line-
following applications [4].

Chun-Fei Hsu in 2018 discussed the control system
for a two-wheel self-balancing robot utilizes vision-
based line-following, incorporating a camera for real-
time path detection. Image processing algorithms
analyse the camera feed to identify the line's based on
this data, the robot modifies its wheel speeds to
maintain its position relative to the path. Techniques
like PID control are commonly employed to maintain
stability and accuracy in movement. This approach
eliminates the need for physical sensors on the
ground, enhancing flexibility and adaptability. It finds
applications in areas such as warchouse automation
and autonomous transportation. Performance is
influenced by factors like lighting conditions and
camera resolution. Overall, it offers a sophisticated
solution for precise navigation tasks in diverse
environments [5].

Reza Javanmard Alitappeh presented a line-following
autonomous driving robot using deep learning utilizes
a neural network to process camera input for line
detection. The network learns to identify the path and
control the robot's movement based on visual cues.
Deep learning  algorithms,  which include
convolutional neural networks, they are frequently
utilized for this purpose. The robot's onboard system
continuously analyzes the camera feed to maintain
alignment with the line. This approach offers
flexibility and adaptability to various environments
without the need for predefined rules. It finds
applications in fields like agriculture, logistics, and
automotive industries. Performance depends on
factors such as training data quality and neural
network architecture. Overall, it presents a
sophisticated solution for robust and precise
autonomous navigation [6].

Daping Jin presented a reliable autonomous tracking
technique for mobile robots navigating dynamic
surroundings. employs advanced algorithms to track
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and follow moving targets effectively. It utilizes
sensor data fusion from multiple sources such as
cameras, lidar, and GPS to ensure accurate perception
of the surroundings. Machine learning techniques
enable the robot adjusts to environmental changes and
anticipates the movements of the target. The system
prioritizes safety by incorporating collision avoidance
strategies and real-time path planning. It offers
seamless navigation even in complex and
unpredictable scenarios, enhancing efficiency and
reliability. ~ Applications include surveillance,
logistics, and search and rescue missions.
Performance depends on the accuracy of sensor data
fusion and the robustness of the prediction algorithms.
Overall, it provides a sophisticated solution for
autonomous following in dynamic environments [7].

III. METHODOLOGY

Designing a methodology for lane detection in
autonomous cars using OpenCV and image
processing involves several key steps to ensure
accurate and reliable performance in real-world
environments. This methodology integrates various
techniques to detect and track lanes on the roadway,
facilitating safe and efficient vehicle navigation.

Firstly, preprocessing of input images is essential to
enhance the quality and clarity of the captured frames.
Techniques such as colour space transformation, noise
reduction, and contrast enhancement can be applied to
improve the visibility of the lines and reduce the
impact of environmental factors such as shadows and
glare.

Once pre-processed, the image is then segmented to
isolate the region of interest containing the road
markings. This is typically achieved using techniques
like thresholding, which converts the grayscale image
into a binary representation where pixels are classified
as either belonging to the line or background based on
their intensity values.

Following segmentation, edge detection techniques
such as the Canny edge detector are utilized to detect
potential line segments within the image. This
detector identifies regions of notable intensity
changes, effectively outlining the edges of objects
present in the scene, such as road markings.

Subsequently, the detected edges are further
processed to extract lines using techniques such as the
Hough transform is employed. It converts the
Cartesian representation of lines (y = mx + b) into a
parametric in the realm of space, lines are defined by
their slope and intercept. This allows for robust
detection of lines even in the presence of noise and
gaps in the edge map.
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Once lanes are detected, filtering and refinement steps
are applied to eliminate false positives and improve
the accuracy of the line detection. This may involve
criteria such as lane length, orientation, and proximity
to other detected lines. Additionally, techniques like
line fitting can be used to model the detected line
segments as continuous lanes, providing smoother
and more consistent representations of the road
markings.

Furthermore, to enhance robustness in dynamic
environments, the methodology may incorporate
adaptive techniques such as Kalman filtering or
Bayesian inference to predict the trajectory of the
detected lines over time. This enables the autonomous
car to anticipate changes in the road layout and adjust
its path accordingly.

Finally, the detected lanes are used to generate control
commands for steering the vehicle along the desired
path. By analysing the position, curvature, and
continuity of the detected lines, the autonomous car
can determine the appropriate steering angle to follow
the road markings accurately while maintaining a safe
trajectory.

In summary, the methodology for line detection in
autonomous cars using OpenCV and image
processing involves preprocessing, segmentation,
edge detection, line extraction, filtering, refinement,
and predictive modelling to enable robust and reliable
autonomous navigation in dynamic environments.
Through the integration of these techniques, the
autonomous car can effectively detect and track road
markings, facilitating safe and efficient driving
experiences.

The conclusion highlights the successful integration
of hardware and software components, marking a
significant step towards autonomous navigation.

IV. PROPOSED MODEL

A. Block diagram of Proposed Model

The block diagram represents a lane detection
autonomous car using Raspberry Pi outlines the
essential components and their interconnections in the
system in Fig 1. The Raspberry Pi board serves as the
core processor, orchestrating the autonomous
functions of the vehicle. The Raspberry Pi connects
with different sensors, such as a mounted camera
module on the vehicle, to capture images of the road
ahead.
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Fig 1: Block Diagram of lane detection autonomous car
using raspberry pi

These images are then processed using image
processing algorithms implemented in Python,
leveraging libraries like OpenCV. The processed data
is fed into the lane detection module, which identifies
and tracks the lanes on the road. This information is
then used to generate control signals for steering the
car autonomously. Additionally, the system may
incorporate other modules for obstacle detection,
navigation, and additionally, it facilitates
communication with external devices or networks. In
summary, the block diagram demonstrates the
amalgamation of hardware and software elements to
achieve autonomous lane detection and navigation in
the Raspberry Pi-based vehicle.

Raspberry pi

The Raspberry Pi 4 is renowned for its compact design
and remarkable capabilities, making it a standout
choice among single-board computers for its
versatility. Developed by the Raspberry Pi
Foundation, it boasts a quad-core ARM Cortex-A72
processor, delivering substantial performance
enhancements compared to earlier models. Available
with 2GB, 4GB, or 8GB of RAM options, it suits a
broad spectrum of uses, ranging from personal
projects to industrial automation. Featuring USB 3.0
ports, dual-band Wi-Fi, Bluetooth 5.0, and gigabit
Ethernet are all featured. Offers extensive
connectivity possibilities. Its HDMI and DisplayPort
interfaces enable dual-display configurations,
rendering it well-suited for multimedia tasks and
desktop computing purposes.

Motor Driver
An electronic device known as a motor driver is

tasked with controlling the speed, direction, and
torque of an electric motor. It translates signals
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transmitted from a microcontroller or control unit
system and supplies the required power to operate the
motor. Motor drivers fulfil a vital function across
various fields, including robotics, automation, and the
realm of electric vehicles.

DC Gear Motor

An electronic component known as a motor driver
component designed to manage the velocity,
orientation, and rotational force of an electric motor.
It receives and interprets signals from a
microcontroller or control system, delivering the
required power to operate the motor. Motor drivers are
critical elements utilized across a wide array of
applications, spanning from robotics and automation
to electric vehicles.

PI Camera

A camera is a device that utilizes optics to capture
and record images or videos. It includes a lens that
focuses light onto a photosensitive surface, such as a
digital sensor or film. Cameras are used in various
devices, including smartphones, digital cameras,
surveillance systems, and scientific instruments, for
capturing visual information.

Power Supply

A power supply functions as a tool or apparatus it
converts input voltage from a source into a specific
output voltage, current, or power level suitable for
powering electronic devices. It typically regulates and
distributes power to ensure stable and reliable
operation of electronic equipment, ranging from small
gadgets to industrial machinery a power supply
ensures stable and reliable operation for electronic
equipment, catering to a wide range of applications
from small gadgets to industrial machinery. It
converts input voltage to provide specific output
levels of voltage, current, or power.

B. Software tools
Algorithm

The Canny edge detector is an image processing
algorithm used for edge detection. It involves multiple
steps, the process involves smoothing, calculating
gradients, implementing non-maximum suppression,
and applying hysteresis thresholding. By identifying
abrupt changes in pixel intensity, it accurately detects
edges in images, making it extensively utilized in
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tasks related to computer vision and
processing.
Open CV

OpenCV, an open-source Computer Vision Library
(CVL), offers a suite of programming functions
primarily designed for real-time applications within
computer vision. It furnishes a range of tools and
algorithms for analysing images and videos,
encompassing tasks such as tasks encompass image
processing, object detection, machine learning, and
deep learning are among its core functionalities. Its
versatility and functionality render it extensively
utilized across diverse applications and research
domains.

image

C. Software description

l IMPORTING LIBRARIES I

I

I READ IMAGE FROM CAM I

I

I COLOR CONVERSION I

[

I IMAGE SMOOTHING |

I

I EDGE DETECTION I

I

I FIND LINES I

i

I DECISION-MAKING PART AND I

INTEGRATE

Fig 2: Flow chart of Program Flow in Open CV

The Fig 2 depicts a flowchart outlining the
fundamental steps in basic image processing. It
commences with importing libraries, which are most
likely software tools essential for image processing.
These specific libraries would depend on the chosen
programming language and the desired image
processing tasks.

Following this, the flowchart shows reading the image
from the camera (CAM). This step could involve
capturing a new image or opening an existing image
file.

Next, the image might undergo a colour conversion
stage. Images can be stored in various colour formats,
and converting the image to a more suitable format for
processing can be crucial. For instance, an image
captured from a camera might be converted from
RGB (red, green, blue) to grayscale for further
processing.

Image smoothing is then applied. This step helps
reduce noise or blurriness within the image. Noise can
be introduced during image acquisition or
transmission, and smoothing helps to mitigate this
effect.

Following smoothing, the flowchart depicts edge
detection. Edges in images represent the boundaries

Page No : 249



Science, Technology and Development

between areas with different brightness or colour.
Detecting these edges can be useful for various image
processing applications, such as object recognition.
There is a decision-making part after edge detection.
The criteria for the decision are not shown in the
image, but this step likely involves analysing the
features extracted during the previous steps (e.g.,
smoothed image, detected edges) to determine how to
proceed further. For instance, the decision might be to
classify the objects present in the image or to perform
further analysis based on the edge characteristics.
Finally, the process concludes with an integration
step. The purpose of integration is not depicted in the
flowchart, but it likely involves combining the results
of the previous steps to achieve the desired outcome.
For example, the integration might involve combining
the classified objects or edge information into a single
data structure or using it to make a final decision about
the image content.

IV. RESULTS AND DISCUSSION

The project explores lane detection within an
autonomous car utilizing Raspberry Pi, illustrating
both the system's efficacy and its inherent limitations.
The results typically include metrics such as accuracy,
precision, and computational efficiency. These
metrics assess the system's ability to detect lane
markings accurately under various conditions like
different lighting, road surfaces, and weather.

Discussion usually revolves around the performance
trade-offs and areas for improvement. For instance,
the system may perform well under normal lighting
conditions but struggle in low-light environments.
The discussion may also cover the impact of
computational resources on real-time processing, as
Raspberry Pi has limited computing power compared
to dedicated hardware.

Step 1: Importing libraries and read image from cam.
Raspberry pi camera module gives input to the
raspberry pi. The given input will be in the form of
video, then video is converted to images are shown in
Fig 3.

Fig 3: Raspberry pi camera captured image
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Step 2: colour conversion, converting an image from
RGB to grayscale is necessary, especially for smaller
images, to simplify the data representation. RGB
images contain three colour channels (red, green, and
blue), resulting in high-dimensional data is shown in
Fig 4.

- T

Fig 4: RGB into grayscale converted image

Step 3: Image smoothing and edge detection.
Artificial intelligence is employed to recognize these
edges automatically. The Canny edge detection
algorithm is frequently employed for edge detection
tasks. It works by identifying significant changes in
intensity within the image, thereby highlighting edges
effectively shown in Fig 5.

Fig 5: Edge detection
Step 4: Find lines, Following the detection phases, the
robot employs machine learning technology to
analyse the collected data and decide on the
appropriate direction to turn, based on the identified
edges and lines. This step involves determining
whether a left or right turn is necessary, according to
the patterns recognized from the previous detections.

B ! Line Detection - (m] $'e

Fig 6: line detection
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Step 5: Next, a threshold value is established by
comparing the difference between the threshold and
theta values. Once this threshold is determined, a
command is transmitted to the raspberry pi,
instructing it to drive the motor in the specified
direction has shown in Fig 7.

Fig 7: Deciding whether to turn left or straight

Step 6: Integrate, Subsequently, the robot proceeds
towards its intended destination using the
implemented algorithms. Along the way, it
continuously scans for obstacles to ensure a safe path
forward has shown in Fig 8.

After executing the algorithms, the robot advances
towards its target location. During this movement, it
actively scans its surroundings for any obstructions or
hazards obstructing its path. If any obstacles are
detected, the robot adjusts its trajectory accordingly to

avoid collisions. This ongoing detection and
adjustment process ensures smooth and safe
navigation towards the desired destination.

Additionally, the robot remains vigilant, continuously
assessing its environment to pre-emptively address
any potential obstacles that may arise.

Fig 8: Model moving through the path to destination

V. CONCLUSION
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The lane detection system implemented on a
Raspberry Pi platform signifies a significant
advancement in autonomous vehicle technology.
Through the fusion of computer vision and machine
learning algorithms, the system accurately identifies
lane markings and navigates the vehicle safely. Its
affordability and versatility make it accessible for
further research and development. Despite challenges
like varying road conditions, the system's capability
to detect obstacles enhances safety. This innovation
marks a crucial step towards the realization of fully
autonomous vehicles, promising safer and more
efficient transportation systems for the future.

VI. FUTURE SCOPE

Future advancements in lane detection for
autonomous cars using Raspberry Pi may include
improvements in robustness, adaptability to diverse
road conditions, integration of advanced sensors, real-
time decision-making capabilities, and collaboration
with industry partners for widespread adoption,
ensuring safer and more efficient transportation
systems.
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