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living in the era of autonomous automobiles because to tremendous
improvements in computer, networking, and other fields of technology.

Many autonomous vehicle prototypes have been tested across numerous

kilometers of test drives. Numerous well-known automakers have begun

Publication Issue allocating significant funds to this technology in an effort to bring it to
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market in the near future. However, there are still a lot of technical and
non-technical obstacles to overcome in order to accomplish this aim,

including issues with real-time implementation, customer satisfaction,
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security and privacy concerns, policies, and legislation. By going over the
advantages and disadvantages of autonomous driving technology, we want
to shed light on future possibilities.
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[. INTRODUCTION

In recent years, autonomous cars have been a
prominent focus of automotive engineering research.
Autonomous cars are becoming more pragmatic from
year to year as multi-national companies are racing
ahead to produce intelligent vehicles. The projected
value for autonomous vehicles in the global market is
at $615 Billion by 2026. According to the U.S.
Department of Transportation’s National Highway
Traffic Safety [1] Administration (NHTSA) fully
automated or autonomous vehicles are "those in which
operation of the vehicle occurs without direct driver
input to control the steering, acceleration, and braking

and are designed so that the driver is not expected to

constantly monitor the road- way while operating in
self-driving mode.". The advancement and rise of
autonomous cars are due to the significant research
results obtained in the arenas of wireless and,

embedded

technologies, navigation, data acquisition, and analysis

systems, sSensors, communication
[2]. The initial thought of autonomous cars was
initiated in the year 1920 with the "phantom autos"
concept, which means a remote-control device, which
was used to control the vehicle [3]. Later in the 1980s
self-managed autonomous cars were developed.
Further, NavLab of Carnegie Mellon University
contributed majorly in this field by developing an
Autonomous Land Vehicle (ALV) [4].

breakthrough in 1987, the “Prometheus project” of

In a major
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Mercedes [5] gave the design of their first automated
car with the capability of tracking lanes. At that time,
it was not completely autonomous, but it had the
ability to automatically switch lanes. In the twenty-
first century, there is a huge demand for low-cost,
high-performance autonomous cars. There is a fine line
of difference between the two terminologies: the
automated car and the autonomous car. The term
automated car refers to a vehicle with little human
intervention, whereas the term autonomous car refers
to a vehicle without any human intervention. The
autonomous car is a fully computer-controlled car
which can instruct (guide) itself, make its own
decisions, familiar with its surrounding without any
human interference (intervention). The concept of
connected car technology is influenced by autonomous
cars [6] as both technologies are related to each other.
Layered architectures are being proposed to address
challenges faced due to the internet response time and
the compatibility of various components that are being
used in connected car technology [7]. Autonomous
vehicles need to be connected to each other to improve
the
Throughout its journey, Al [8] and Big Data [9] have

overall autonomy when driving on road.
remained steady partners of the firm. Tesla has taken
excellent use of Al and Big Data [10] for expanding its
customer base. The firm has made use of existing
customer databases for its data analytics using it to
comprehend customer requirements and regularly
updating their systems accordingly. In near future
scenario where the autonomous cars are widespread,
these networks will most likely also interface with cars
from some other manufacturers as well as other
systems such as road-based sensors, traffic camera,

purge light up mask or smartphones [11].

II. Related Work

Till today, a number of works have been done to
explore multiple issues of autonomous car system [12].
But the majority of surveys focus only on certain

aspects of the autonomous car and none of these

surveys present a comprehensive (holistic) method
towards autonomous car technology. Campbell et al.
[12] discussed the approaches to challenges faced in
urban environments by autonomous vehicles. Okuda
et al. [13] did a thorough survey on the usage of
advanced driving assistance (ADAS) in autonomous
cars and the trends in the technology. Fagnant et al. [14]
helped in surveying the required policies to make a
nation ready for autonomous vehicles. Moreover,
Bagloee et al. [15] focused on a few challenges that such
different policies provide to autonomous cars. Other
surveys regarding its functionalities include planning
[16],

constructions [19] and visual perception from both

and motion control long-term  maps’
implementation and operators’ perspectives [18].
Furthermore, Abraham et al. [17] conducted a survey
on consumer trust and also the preferences of the
consumer on already available alternatives [20]. The
research article "Working Models for Self-Driving [21]
Cars with Convolutional Neural Networks, Raspberry
Pi, and Arduino" by Aditya Kumar Jain. The proposed
approach uses a pie camera mounted on a raspberry pie
in the car to capture the image [22]. The Raspberry Pi
is connected to the same network as the laptop, and the
Raspberry Pi delivers the captured image to a
convolutional neural network. The image is converted
to grayscale before it is sent to the neural network. The
model predicts one of four possible outcomes: left,
right, forward, or stop. When the result is predicted,
the Arduino signal will be activated and the car will be
able to drive in a particular direction using the
controller. The research paper “Self Driving Cars: A
Peep into the Future” presented by T. Banerjee, S. Bose,
A. Chakraborty, T. Samadder Bhaskar Kumar, T.K.
Rana [23]. This research paper describes the design of
embedded controller for self-driving, electric, impact-
resistant, and directional GSM vehicles. The vehicle's
position, starting point, and destination are properly
tracked by the GPS module and the coordinates are
mapped to allow navigation. When the vehicle is
visible from the front, the speed of the vehicle is

automatically adjusted by maintaining a safe distance,
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which is a function of speed. A stepper motor-driven
rotational distance measuring sensor continuously
monitors the distance between the vehicle in front and
the vehicle on the side and adjusts the speed limit and
lane change accordingly. The “ Self-Driving and Driver
Relaxing Vehicle ” entitled paper published by a
Qudsia Memon, Muzamil Ahmed, Shahzeb Ali, Azam
Rafique Memon, and Wajiha Shah [24] In this study,
they had created two self-driving car application that
allows drivers to rest for a short period of time. It also
presents a concept centered around the modified
Google car idea, where Google cars need to arrive
automatically at static destinations. In this prototype,
they created a dynamic target. Here, self-driving cars
track vehicles traveling along a given route. This
vehicle is followed by this prototype. ChunChe Wang,
ShihShinh Huang, LiChen Fu, Pei Yung Hsiao article
"Driving Assistance System for Night Vision Lane
Recognition and Vehicle Detection" [25]. The purpose
is to improve driving by developing a support system.
This study combines lane detection with vehicle
identification technology to improve driver safety at
night. It can detect lanes and help locate markers. To
extract an edge, use a cenny edge [26] detection
operation, followed by the selection of potentials edge
points. The paper "A Vision-based Method for
Improving Safety of Self Driving" by Dong, D., Li, X,,
[27] and Sun gives details about a simulator that can
recognize traffic signs, lanes, and road segmentation.
The use of blockchain technology [28][29] for training
autonomous cars has been proposed by G. M. Gandhi
et al. [30]. In this process, all connected cars can share
their experience with each other. Blockchain can also
be used to maintain energy transactions at charging
stations [31]. Many recent surveys on autonomous cars
have majorly focused on a few topics of autonomous
cars.

III. Objectives

the

components, including sensors and computing units, to

Design and integrate necessary hardware

create a functional self-driving car platform. Train and

implement deep learning models to enable the car to
perceive and interpret its environment accurately,
including recognizing objects, detecting lanes, and
understanding traffic signs. Develop decision-making
algorithms that consider real-time sensor data, traffic
rules, and safety requirements to make appropriate
driving decisions. Implement a robust control system
that translates decisions into precise actions such as
acceleration, braking, and steering. Conduct thorough
testing and validation to assess the performance, safety,
and reliability of the self-driving car system in various

real-world scenarios.
IV. Problem Identification

Self-driving cars are software based and almost all of
human mistakes can be improved. Self- driving cars are
an advance technological development in the field of
automotive industry that is both a comfort and a safety
feature for drivers. According to research by ASIRT
(Association for Safe international road travel) on
average 3,700 people lose their lives every day on the
roads. An additional 20-50 million suffer non-fatal
injuries, often resulting in long-term disabilities [32].
This mostly happens due to human mistakes. The
number of People dying due to road accidents in some
countries every year is shown in figure 1. The light
green color represents accidents most likely due to
Human Mistakes and towards red it is due to other
factors. It can be clearly seen that Human mistakes
have more percentage. To avoid such mistakes self-
driving cars comes to the ground and are most

demanding vehicles in the market.

35050
o, TN IS

Figure 1: Graph for Death rates due to road Accident
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V. Proposed Work

Self-driving cars works on image processing techniques
on the basis of feature extraction. Every processing is
done on each frame of the video. Machines does not
take video as a stream of events it takes it as a stream of
frames captured at each minimum instant of time. And
all processing is done using those frames [33]. For a
camera every image is a 2d mesh of colored pixels. It
takes raw frame captured at each instant and converts
it into threshold of black and white color then it
detects the edges shown in figure 2. Edges are observed
under Hough-lines method where collinear points are
collected in to array of arrays and each array is then
used as drawing points to draw straight lines.
Orientations and length of line to be detected can be
set in Hough-Lining. Then the angle of drawn lines is
calculated and left or right decision is taken

accordingly

Raw frame w

Thresholding

. A

Greyscale ’

. . Canny edge
Hough lines Gaussian v edg
detection
blur
. . ‘ Angle . Movement
Line creation
caicuiation methods

Figure 2: General Block Diagram for system
architecture

5.1 Design Constraints

Our Autonomous Vehicle Prototype can detect lane to
maneuver also detects hurdles with in the path. Our
prototype also has smart control and smart lock using
image processing. In this project we are to perform
multiple task we are using single camera which make
it cheaper and effective in market also some of sensors
are neglected to reduce cost. We have used an Arduino
UNO to control servo motors because raspberry pi’s
GPIO pins cannot provide enough [34] current to the

servo motors as it operates on 5V but electronic

components operate on 12V DC. We have used 5MP
camera a cheaper version but there are some
expensive ones with night vision andhigh resolutions
also that are supportive to raspberry pi 4b.A problem I
had faced during development is ‘installation of open-
cv python’ in raspberry pi. I tried almost every effort
according to my knowledge but it didn’t install. Then I
got a method having 20 steps to install that took me
almost a full day and it worked. Second problem is that
raspberry pi operates on 5v but all electronics
components like motor driver and servo motors works
on 12v to meet this problem I have used Arduino to

power the parts using impulse generated by raspberry

pi.
5.2 Design Methodology

Let’s get started with the used libraries. The main
libraries that are base of our project are CV2, Numpy
and math-python. Cv2 is foundation of computer
graphics and image processing and to manipulate
arrays that we have used Numpy. Math is also a
versatile library that saves you from writing long
formulae by providing simple methods. I have used
time library because it is wused widely in
microcontroller programming to put sleep time. We
have three main modules that are lane detection, object
detection and steering modulethrough keyboard or
through other network connected devices. In lane
detection we are doingall preprocessing and detecting
lanes to get lanes angles. Then comes the steering
module in steering module we have used all the
previous modules to get a continuous output. In
steering module, we have made an iteration loop and
at each iteration we are calling each module’s methods

to get the results and steer accordingly.

5.3 Development Methodology
First, we will discuss about lane detection. So to do so
I have created a continuous for loop in the array of

method. We

chosen rawcapture because we need clear image

camera.capture_continuous() have
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without any filter. Picture format as BGR just to get
better results. And turned the raspberry pi camera port
as true to get video from raspi-cam. If we were using
ordinary web cam so we can have used a simple
method cv2.read () followed by a while true loop to get
the video. But raspberry pi needs some special
treatments. So here’s the line of code I have written for
this:

for frame in camera.capture_continuous(rawcapture,
format="bgr", use_video_port=True)

Then the frame is converted into an array because it is
very quick method to manipulate the images
Image=frame.array

Next, we have converted the image into grey scale
image to defuse the colors as we need edges at the end
then to make the edges clearer, we have applied the
technique of thresholding. Thresholding converts the
image to a simple black and white threshold because
cv2 can only see in 2 dimensions and it is necessary to
remove the effects of third dimension that can be
destructive to our plan. This is how thresholding looks

like shown in figure 3 and 4.

Figure 3: Greyscale

Figure 4 : Greyscale to Threshold

5.4 Canny Edge Detection

Cv2 provides built-in method for canny edge
detection so we does not need to write long lines of
code. We just need to put in the image and provide
threshold values. This way it will givedetected edges
in the imagery shown in figure 5. To avoid excessive
edgeswe slightly blurred the image by putting the
threshold into GuassianBlure. These lines of code were
Detection. blurred =

used for canny edge

cv2.GaussianBlur(gray, (5, 5), 0)

Figure 5: After Canny Edge Detection

Now we will get the lane lines. We will do this by
drawing all the points that are adjacent to each other.
So to get the adjacent pixels we will apply the
HoughlinesP() method. We used this code for Hough
lines detection.

lines =
cv2.HoughLinesP(edged,1,np.pi/180,10,minLineLengt
h,maxLineGap)

This will create an array of arrays or a 2d array of
lines. To understand how these lines are working we
need to draw those lines. For this there is not any
built-in method so we did this manually.

if(lines !'=None):

for x in range(0, len(lines)):

for x1,y1,x2,y2 in lines[x]:
cv2.line(image,(x1,y1),(x2,y2),(0,255,0),2)

First of all we need to check if there are lines in the
array or not. Then we will iterate through whole array
to get the variables for equation(i.e. x1, x2, y1, y2) of
lines as we know the equation of line is y=mx+b where

m is the slop of line and can be calculated as
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So we need to put parameters into cv2.line ( ) method
and parameters are raw image, x1, x2, y1, y2, color of
lines to be drawn, and thickness of the line.cv2.line()
saves our effort to create slopand line equations. Then
we have our unique technique to calculate angle of line
curve, for this we will be using arctan() method to
calculate inverse of tan-theta to get a solid value to
compare with something.

theta=theta+math.atan2((y2-y1),(x2-x1))

After that the value of theta is compared to its boundary
values that are used to tell when to go forward,
backward, right or left.

To control the hardware like wheels we need to use
GPIO pins of Raspberry pi. These pins works as switches
for hardware components based on the zero and one
commands we code.to control the motors we used a
motor driver component L298N having 4 inputs for
programming commands and 2 outputs for motors
connection having separate positive and Negative
terminalsfor each. A separate 12v or 3v input current
socket. We have used the following pattern of GPIO
commands.

For right direction:

GPIO1r = high GPIO2r = low
GPIO11 = low GPIO2] = High

For Left direction:

GPIO1r = low GPIO2r = high

GPIO11 = high GPIO21 = low

Where “R” is for Right motor and “L” is for left motor
5.5 High Level Design

It takes raw frame captured by car camera at each instant
and is passes it through image preprocessing then angle
for each line is calculated and on the basis of that angle
it makes decision to steer the vehicle. It also take inputs

from keyboard at same time. System has network

control by which owner can control it using their mobile
phone or PC. In future to carry forward our work we
will add obstacle avoidance method that get raw input

to avoid collision shown in figure 6.

Figure 6: High Level Sign of the Lane Detection with

Machine Learning

5.6 Low Level Design

The overall working of the system starts from the
experimental subject (robot car in our case), the Robot
car runs on the artificial lane that we have created for
systems testing purposes, and the Camera attached on
the car starts sending frames one by one to the
preprocessing script in the lane Detection algorithm, the
frames are converted into grey scale images so that the
threshold script Algorithm can be used to classify the
lane and the other areas based on the object shape and
Intensity of the white and black colors, then the canny
based edging algorithm identifies the edges Of each
object in the threshold image and detects the lane by its
shape, furthermore [35] the region of Interest (ROI) is
used to extract features out of the canny based image
and the final lane lines are Identified by the lane
detection algorithm. Now in order for the lane detection
system to work we must detect the obstacles that our
robot car Might face, for this kind of scenario we pass
down the raw images taken by the camera of the Robot

car and pass it shown in figure 7.
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Figure 7: Low Level Design of the Lane Detection

with Machine Learning

Down to the Tensorflow obstacle detection
algorithm and we also provide it. The threshold
images, these two data parameters are required for the
obstacle detection algorithm To work, now there are
few more functionalities that are required by this
module, first is to predict Ground truth coordinates
or bounding boxes for the object of interest and the size
of the bounding box is calculated [36], if the size of the
bounding is getting bigger or is big than that means
obstacle is very close to us and if the bounding box of
the object is smaller or getting smallerthen that
means that object is far from us, next the distance
between that Object and robot car is calculated in the
meantime to avoid the collusion so we create few
warning and actions based on our relation with the

potential obstacle or object.

VI. Outcome

Here we have tested results under different brightness
levels and results are as follows. We have created three
scenarios 1* tested in normal light as the figure 8, 9
and 10 shows here is has very clear recognition of
lanes then in flashing light as shown in figure 11 to
check if it is distracting or not. It did this in a clear
manner with somehow less recognition but no
distraction was noticed then in dark as shown in figure

12 it has tiny recognition but still no distraction at all.

Figure 9: Normal Light

Figure 10: Dull Light
Here we have tested the whether out results are
according to the direction of lanes and results are as
follows. We have rotated this fake lane pad left and

right and observed the results that are shown in figure
13.

Figure 11: Right Rotated Lanes

Volume 9, Issue 2, March-April-2023 | http://ijsrcseit.com



Nishant Mishra et al Int. . Sci. Res. Comput. Sci. Eng. Inf. Technol., March-April -2023, 9 (2) : 738-748

Figure 12: Left Rotated Lanes

Figure 13: Straight Lanes

Our project captures raw image from raspberry pi
the

environment starts doing preprocessing over it and

camera and program written in python
converts the image to greyscale to make it colorless,
this will help a lot in canny-edge-detection method.
Then edges from canny methodare passed through
Hough-lines method that gives the Numpy array of all
collinear points. Then I have used these arrays to build
lines. Each point from the array is given to cv2.lines
method that converts all the points into lines and are
shown in figure. But here a problem persists that this
technique take the whole frame and calculates edges
and line from the whole frame.to overcome this
problem I have used bitwise operations shown in figure
14 and 15. First I have calculated the resolution of
screen and cropped out its parts that were out of the
lanes using bitwise OR operation of Open-cv python.
In this way edges outside the lanes will not distract
our car. Everything seems good but there’s another
problem that parallel line always looks tilted towards
the center when seen from the distance. Same is the

issue for road lanes. They looks parallel but at the same

time they are pretended to be meeting at the center
to fulfil this gap we need to take bird’s eye image of
the road. For this purpose we are using a technique
called warping or warp perspective transform. After
warping we can get bird’s eye view of the road and
exact angle of lanes. While moving on the road raw
image is being used by another feature that is object
detection. Whenever the camera detects an object it
calculate its size comparatively to the screen and
according to the size we can have a rough idea about
the distance of our car to the next objector other

vehicle.

T —

Figure 14: Car Chassis of Proposed Model

Figure 15: Car Chassis of Proposed Model
VII. Conclusion

Many automaker firms are currently producing
autonomous cars since the automotive business is
rapidly evolving. The auto industry faces several issues,
such passenger and vehicle safety, as well as a variety
of new commercial prospects. An autonomous driving
system that overcomes the drawbacks and difficulties

of conventional human-operated cars is the goal of the
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self-driving car project. The goal of the project is to
develop a self-driving automobile system that is
dependable, safe, and efficient by using cutting-edge
sensors, algorithms, and real-time data analysis.
Increasing accessibility for those who are unable to
drive is one of the project's goals, along with lowering
the number of incidents on the road that result from
human mistake and increasing traffic efficiency by
maximising flow and decreasing congestion. The
initiative further seeks to support environmental. In
addition, by creating eco-friendly driving habits and
cutting emissions, the initiative hopes to support
environmental sustainability. Perception and sensing,
and real-time

planning decision-making,

responsiveness, safety procedures, mapping and
localization, and resolving ethical and regulatory issues
are some of the project's main areas of attention. The
goal of the self-driving car system is to overcome these
obstacles and offer passengers a smooth and enjoyable
driving experience while abiding by the law and moral
principles. The project's results have the potential to
completely change the transport sector by reshaping
metropolitan areas, lowering the number of traffic
deaths and accidents, maximising the use of available
space, and enhancing societal mobility and
accessibility. The initiative recognises that careful
consideration of technology breakthroughs, legislative
frameworks, and public acceptability is necessary for
the development and implementation of self-driving
automobiles. The project is to enhance autonomous
vehicle technology and open the door to a future in
which these cars would significantly influence
transportation systems for the benefit of society via

thorough study, development, and testing.

VIII. Future Enhancements

In future self-driving car projects, there will be a focus
on implementing object detection capabilities to
identify objects on the lane. Additionally, a learning
feature will be incorporated to enable the system to

prioritize and detect specific obstacles to avoid

collisions. This development aims to enhance the

perception abilities of the autonomous system,
enabling it to make informed decisions and take
appropriate actions based on the presence of vehicles,
pedestrians, cyclists, and other potential road hazards.
The goal is to improve safety and ensure efficient

navigation in diverse driving scenarios.
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