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Abstract

Given a picture captured from a camera hooked up to a vehicle moving on a road during which captured road
could or might not be levelled, or have clearly described edges, or some previous acknowledged patterns
thereon, then road detection from one image will be applied to search out the road in a picture so it might be
used as a district in automation of driving system within the vehicles for moving the vehicle in correct road.
During this method of finding the road within the image captured by the vehicle, we are able to use some
algorithms for vanishing point detection, exploitation of Hough Transformation Space, finding the region of
interest, edge detection exploitation, Canny edge detection for road detection. We have a tendency to use
thousands of pictures of various roads to coach our model so the model might notice the road as a result

within the new image processed through the vehicle.

Keyword:

Patterns thereon, automation of driving system, vanishing point detection, exploitation, Hough

Transformation Space, Region of Interest, Canny Edge Detection
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CHAPTER 1 : INTRODUCTION

1.1 Digital image processing

Image processing is a method to perform some operations on an image, 1n order to getan

enhanced image or to extract some useful information from it. It is a type of signal processing In

which input is an image and output may be image or characteristics/features associated with that

image. Nowadays, image processing is among rapidly growingtechnologies. It forms core research

area within engineering and computer science disciplines too. Image processing is a method to
perform some operations on an image, in order to getan enhanced image and or to extract some

useful information from it. If we talk about the basic definition of image processing then “Image
processing is the analysis and manipulation of a digitized image, especially in order to improve its
quality”. Digital-Image: An image may be defined as a two-dimensional function flx. y). wherex

and y are spatial(plane) coordinates, and the amplitude of fat any pair of coordinates (x. v) is called
An image is nothing more

he

the intensity or grey level of the image at that point. In another word
than a two-dimensional matrix (3-D in case of coloured images) which is defined by t

mathematical function f(x, y) at any point is giving the pixel value at that point of an image. the

pixel value describes how bright that pixel is, and what colour it should be. Image processing 1s

basically signal processing in which input is an image and outputis image or characteristics

according to requirement associated with that image.

1.1.1 Steps in Image Processing:

Image processing basically includes the following three steps:

« Importing the image via image acquisition tools;
« Analysing and manipulating the 1mage;

There are two types of methods used for image processing namely, analogueand digial image

processing. Analogue image processing can be used for the hard copies like printouts and

photographs. Image analysts use various fundamentals of interpretation while using these visual

techniques. Digital image processing techniques help in manipulation of the digital images by

using computers. The three general phases that all types of data have to undergo while using digital

technique are pre-processing, enhancement, and display, information exftraction.

Output in which result can be altered image or report that is based on image analysis
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1.1.2 What is an Image?

An image is defined as a two-dimensional function, F (x, y), where X and y arc spatial coordinates,
and the amplitude of F at any pair of coordinates (xy) is calledthe intensity of that image at
that point. When x,y, and amplitude values of F are finite, we call it a digital image. In other words,
an image can be defined by a two-dimensionalarray specifically arranged in rows and coiumns.
Digital Image is composed of a finite number of elements. cach of which clements have a
particular value at a particular location. These elements are referred to as picture elements, image

cléments, and pixels. A Pixel is most widely used to denote the elements of a Digital Image.

1.1.3 Image in Matrix Representation

As we know, images are represented in rows and columns we have the followingsyntax in which

images are represented:

f{0.0) f{0,1) flo,2) ... f(ON-1)

(1,0 f1,1) -fl1 cer HLN-L

fxy)= T{ ! -ll . .{ 2) T( !
;[M—I_GI ﬂM-l,‘;} .F(M-i,zj s '!-'(M—l.N-l)
L —

The right side of this equation is digital image by definition. Every element of this matrix is called

image element, picture element, or pixel.

1.1.4 Types of an Image

Binary Image— The binary image as its name suggests, contain only two pixel elements i.e. 0 & 1,

where 0 refers to black and 1 refers to white. This image is also known as Monochrome.

Black and White Image- The image which consist of only black and white colour is called

Black and White Image.

8 Bit Colour Format— It is the most famous image format. It has 256 difterent shades of colours
in it and commonly known as Grayscale Image. In this format,0 stands for Black. and 255 stands

for white, and 127 stands for grey.

16 Bit Colour Format-— It is a colour image format. It has 65,536 ditferent colours in it. It is also
known as High Colour Format. In this format the distribution of color is not as same as Grayscale
image. A 16-bit format is actually divided into three further formats which are Red, Green and

Blue. That famous RGB format.




1.2 Self driving cars

A self-driving car (sometimes called an autonomous car or driverless car) is a vehicle that uses a
combination of sensors, cameras, radar and artificial intelligence (Al) to travel between
destinations without a human operator. To qualify as fully autonomous, a vehicle must be able to
navigate without human intervention to a predetermined destination over roads that have not been
adapted for its use. Companics developing and/or testing autonomous cars include Audi, BMW,
Ford, Google. General Motors, Tesla, Volkswagen and Volvo. Google's test involved a fleet of
self- driving cars -- including Toyota Prii and an Audi TT -- navigating over 140,000 miles of

California streets and highways.

Levels of autonomy in self-driving cars
The U.S. National Highway Traffic Safety Administration (NHTSA) lays out six levels of

automation, beginning with zero, where humans do the driving, through driver assistance

technologies up to fully autonomous cars. Here are the five levels that follow zero automation:

Level 1: Advanced driver assistance system (ADAS) aid the human driver with either steering,
braking or accelerating, though not simultaneously. ADAS includes rear view camerasand features

like a vibrating seat warning to alert drivers when they drift out of the traveling lane.

Level 2: An ADAS that can steer and cither brake or accelerate simultancously while the driver

remains fully aware behind the wheel and continues to act as the driver.

Level 3: An automated driving system (ADS) can perform all driving tasks under certain
circumstances, such as parking the car. In these circumstanées, the human driver must be ready to

re-take control and is still required to be the main driver of the vehicle.

Level 4: An ADS is able to perform all driving tasks and monitor the driving environment in

certain circumstances. In those circumstances, the ADS is reliable enough that the human driver

needn't pay attention.

Level 5: The vehicle's ADS acts as a virtual chauffeur and does all the driving in all circumstances.

The human occupants are passengers and are never expected to drive the vehicle.

1.3 Working of self driving cars

Lane lines are being drawn as the car drives. Also, you can see the radius of curvature is being
calculated to help the car steer. It is cheap to equip cars with a front facing camera. Much cheaper
than RADAR or LIDAR. Once we get a camera image from the front facing camera of self-driving
car, we make several modifications to it. The steps I followed are detailed below:

3



1.3.1 Distortion correction
Image distortion occurs when a camera looks at 3D objects in the real world and transforms them

into a 2D image. This transformation isn't always perfect and distortion can result in a change in

apparent size, shape or position of an object. So we need to correct this distortion to give the

camera an accurate view of the image. This is done by computinga camera calibration matrix by

taking several chessboard pictures of a camera.

See example below of a distortion corrected image. Please notc that the correction is verysmall in

normal lenses and the difference isn’t visible much to the naked eye.

Figure 1.1: Describing the original image and undistorted image

1.3.2 Create a binary image

Now that we have the undistorted image, we can start our analysis. We need to explore different

schemes so that we can clearly detect the object of mnterest on the road, in this case lanelines while

ignoring the rest. [ did this in two ways:

Using Sobel operator to compute x-gradient

The gradient of an image can be used to identify sharp changes in colour in ablack and white

image. It is a very useful technique to detec

have a lane line in either yellow or white on a black road and so x-gradient can be very

t edges in an image. For the image of a road, we

usually

useful.

Explore other colour channels
HSV (Hue, Saturation and Value) colour space can be very useful in isolating the yellow and line
white lines because it isolates colour (hue), amount of colour (saturation) and brightness (value).

We can use the S colour channel in the image.




Birds Eye View Image

After the thresholding operation, we perform a perspective transform to change the image to bird’s

eve view. This is done because from this top view we can identify the curvature of the lane and

decide how to steer the car, To perform the perspective transform. [ identified 4 source points that

form a trapezoid on the image and 4 destination points such that Jane lines are parallel to each

v trial and error but once chosen

enCl

other after the transformation. The destination points were chosen b
works well for all images and the video since the camera is mounted in a fixed position. €

can be used to perform this. See how clearly the curvature of the lane lines is visible in this view.

Fit curve lines to the bird eye view image

In order to better estimate where the lane is, we use a histogram of the bottom half of tmage o
identify potential left and right lane markings. Modification of this function to narrow down the
arca in which left and right lanes can exist so that highway lane separators or any other noise
doesn't gt identified as a lane. Once the initial left and right lane bottom points are  identified:
Plot the result identified by the system clearly. This plotting can be done filling the space area
with transparent colour using OpenCV. Thus, Self-Driving car works and road detection can be

useful in detection of road from animage captured from car.

1.4 Motivation for the work

In the past five years, autonomous driving has gone from “maybe possible™ to “definitely possible”
(0 “inevitable™ to “how did anyone cver think this wasn’t inevitable?” to "now commercially
available.” In December 2018, Waymo. the company that emerged from Google sselt-driving-car
project, officially started its commercial self-driving-car service in the suburbs of Phoenix. The
details of the program—it's available only to a few hundred vetted riders. and human safety

may be underwhelming but don't erase its significance.

operators will remain behind the wheel
People are now paying for robot rides. And it's just a start. Waymo will expand the service's
capability and availability over time. Meanwhile, its onetime monopoly has evaporated. Smaller
start-ups like May Mobility and Drive.ai are running small-scale butrevenue-generating shuttle
services. Every significant automaker is pursuing the tech, eager to rebrand and rebuild itself as a
“mobility provider™ before the idea of car ownership goes kaput. Ride-hailing companies like Lyft
and Uber are hustling to dismiss the profit-gobbling human drivers who now shuttle their users
about. Tech giants like Apple, IBM, and Intel are looking to carve off their slice of the pie.
Countless hungry start-ups have materialized to fill niches in a burgeoning ecosystem, focusing on
laser sensors, compressing mapping data, setting up service centres, and more. This 21st-century
gold rush is motivated by the intertwined forces of opportunity and survival instinct. By one

account, driverless tech will add S7 trillion to the global economy and save hundreds of thousands

wn



of lives in the next few decades Simultaneously, it could devastate the auto industry and its

associated gas stations, drive-thrust, taxi drivers. and truckers. Somc people will prosper. Most will

benefit. Many will be left behind It’s worth remembering that when automobiles first started

rumbling down manure-clogged streets, people called them horseless carmiages The moniker made

sense. Here were vehicles that did what camages did. minus the hooves. By the time ““car” caught

on as a term, the imvention had become something entirely new. Over a century. it reshaped how
This cycle has restarted.

humanity movesand thus how (and where and with whom) humanity lives.
" We don't

and the term “driverless car” will soon seem as anachronistic as “horscless carriage.’

know how cars that don’t need human chauffeurs will mold society, but we can be surc a similar

gear shift 1s on the way. Just over a decade ago, the idea of being chauffeured around by a string

of zeros and ones was ludicrous to pretty much everybody who wasn't at an abandoned Air Force

base.
They came back for a follow-up race in 2005 and proved that making a car drive itself wasindeed

possible: Five vehicles finished the course. By the 2007 Urban Challenge. the vehicles were not

just avoiding obstacles and sticking to trails but following traffic laws. merging. parking. even

making safe. legal U-turns. When Google launched its self-driving car project in 2009, it started by

hiring a team of Darpa Challenge veterans, Within 18 months, they had built a system that could
winding block of San

handle some of Californiz’s toughest roads (including the famously
Francisco’s Lombard Street) with minimal human involvement. A few years later. Elon Musk
announced Tesla wouldbuild a self-driving system into its cars. And the proliferation of nde-
hailing services like Uber and Lyft weakened the link between being in a car and owning that car,
helping set the stage fora day when actually driving that car falls away too. In 2015, Uber poached

dozens of scientists from Camegie Mellon University—a robotics and artificial intelligence

powerhouse—to get its effort going.

1.5 Problem statement
Given an image captured from a camera attached to
not be well levelled. or have clearly delineated edges. or some prior known

a vehicle moving on a road in which caprured

road may or may
patterns on it, then road detection from a singl
it could be used as a part in automation of driving system in the vehicles for

ss of finding the road in the image captured by the

¢ image can be applied 1o find the roadin an

image so that
moving the vehicle in correct road. In this proce:
vehicle, we can use some algorithms for vanishing point detection using Hough transform space,
finding the region of interest, edge detection using canny edge detection algorithm and then road
detection. We use thousands of images of different roads to train our model so that the model could

detect the road which is present in the new image processed through the vehicle

6
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CHAPTER 2 : LITERATURE SURVEY
2.1 Edge Detection

Edges characterize boundaries and are therefore a problem of fundamental importance in
image processing. Edges in images are areas with strong intensity confrasts - a jump in
intensity from one pixel to the next. Edge detecting an image significantly reduces the
amount of data and filters out useless information, while preserving the important
structural properties in an image Canny edge detection algorithm 1s also known as the
optimal edge detector. Cranny’s intentions were to enhance the many edge detectors in

the image.

The first criterion should have low error rate and filter out unwantedinformation

while the useful information preserve.
The second criterion is to keep the lower variation as possible betweenthe original
image and the processed image.

Third criterion removes multiple responses to an edge.

Based on these criteria, the canny edge detector first smoothens the image toeliminate
noise. [t then finds the image gradient to highlight regions with high spatial derivatives.
The algorithm then tracks along these regions and suppresses any pixel that is not at
the maximum using non-maximum suppression. The gradient array is now further reduced

by hysteresis to remove streaking and thinning the edges.
2.2 Filter out noise

2.2.1 Convolution
First step to Canny edge detection require some method of filter out any noise and sull
preserve the useful image. Convolution is a simple mathematic method to many common

image-processing operators.

(2 (3 [1’R]B [k 7B |k

Dol (203 [nans s 17 ns Ki |K2 |K
e [ s (s | (e (07| K [KS [Re ]
% (120 | 130 [ 131 |32 [ 18 | 132 | 135 | 13¢ [KT [K& [KY
137 | 3 | B39 1| 45 o
a | 147 | 4% 153 | 154

155 158 | 1 el [ 162 [ 163 ]

Figure 2.1: An example small image (left), kernel (right)
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2.3 Sample Input and Output of Canny Edge Detection Algorithm:

0 200 400 600 800

Figure 2.2: Describing the Input Image

Figure 2.3: Describing the Output Image

2.4 Hougn transformation space
The Hough transform is a featurc extraction technique used in image analysis, computer

vision. and digital image processing. The purpose of the technique is to find imperfect

instances of objects within a certain class of shapes by a voting procedure. This voting

procedure is carried out in a parameter space, from which object candidates are obtained as

local maxima in a so-called accumulator space that is explicitly constructed by the

algorithm for computing the Hough transform. The classical Hough transform was concerned
with the identification of lines in the image,but later the Hough transform has been extended

to identifying positions of arbitrary shapes, most commonly circles or ellipses. The Hough

8




(ransform as it is universally used today was invented by Richard Duda and Peter Hart in

1972, who called it a "generalized Hough transform" after the related 1962 patent of Paul
Hough. The transform was popularized in the computer vision community hy Dana i Ballard

through a 1981 journal article titled "Generalizing the Hough transform to detect arbitrary

shapes”

2.4.1Theory of Hough Transform Space

In automated analysis of digital images, a sub problem often arises of detecting simple
shapes, such as straight lines, circles or ellipses. In many cases an edge detector can be
used as a pre-processing stage to obtain image points or image pixels that are on the desired
curve in the image space. Due to imperfectionsin either the image data or the edge detector,
however, there may be missing points or pixels on the desired curves as well as spatial
deviations between the ideal line/circle/ellipse and the noisy edge points as they are obtained
from the edge detector. For. The purpose of the Hough transform is to address this problem
by making it possible to perform groupings of edge points into object candidates by
performing an explicit voting procedure over a set of parameterized image objccts (Shapiro
and Stockman. 304). The simplest case of Hough transform is detecting straight lines. In
gencral, the straight-line y = mx + b can be represented as a point (b, m) in the parameter
space. However, vertical lines pose a problem. They would give rise to unbounded values of
the slope parameter n1. Thus, for computational reasons, Duda and Hart proposed the use of
the Hesse normal form. These reasons, it is often non-trivial to group the extracted edge

features to an appropriate set of lines, circles or ellipses.

Figure 2.4: Hesse Normal Form Graph

It is therefore possible to associate with each linc of the image a pair (r, #). The (r, theta) plane is
sometimes referred to as Hough space for the set of straight lines in two dimensions. This

representation makes the Hough transform conceptually very close to the two-dimensional Radon

9



transform. (They can be seen as differen; ways of looking at the same transform)

Given a single poini in the plane, then the set of a// straight lines going through that point

corresponds to a sinusoidal cunve in the (. A)

plane, which is unique to that point. A set of two or more points that form a straight line will
produce sinusoids which cross at the (. #) for that line. Thus. the problem of detecting collinear

pointscan  be comverted  to  the problem  of finding concurrent curves.

2.5 Implementation of hough transformation space

The linear Hough transform algorithm uses a two-dimensional armay, called an accumulator. 10
detect the existence of a line described by =x cos theta- v sin theta. The dimension of the
accumulator cquuls the number of unknown parameters. 1.e.. two. gon_cidfn'ng quamizcd values of r
and 0 in the pair (r, 8). For cach pixel at (x, ¥) and its neighbourhood, the Hough transform
algorithm determines if there is enough evidence of a straight line at that pixel. If so. it will
calculate the parameters (r. 8) of that line, and then look for the accumulator’s bin that the
parameters fall into, and increment the value of that bin. By finding the bins with the highest
values, typically by looking for local maxima in the accumulator space. the most likely lines can
be extracted, and their (approximate) geometric definitions read off. (Shapiro and Stockman. 304)
The simplest way of finding these peaks is by applyving some form of threshold. but other
techniques may vield better results in different circumstances — determining which lines are found
as well as how many. Since the lines retumed do not contain any length information. it is often
necessary, in the next step, to find which parts of the image match up with which lines. Moreover.
due to imperfection errors in the edge detection step. there will usually be errors in the accumulator

space, which may make it non-trivial to find the anpropriate peaks. and thus the appropnate lines.

The final result of the linear Hough transtorm is a two-dimensional array (matrix) similar to the
accumulator—one dimension of this matrix is the quantized angle ¢ and the other dimensionis the
quantized distance r. Each element of the matnx has a value equal to the sum of the pointsor pixels
that are positioned on the line represented by quantized parameters (r. 0). So, the element with the

highest value indicates the straight line that is most represented in the input image.

2.6 Existation system

In the current existing system is permitted only to use in ideal road conditions such as runway. This
could not be used in general roads because the edge detection used till now was Simulink Edge
Detection which is implemented in MATLAB. The secondary thing is in currentsystem Hough

transform Space is only used for angle rotation and has very limited road dataset
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2.7 Limitation of existing system

The Hough transform is only efficient if a high number of votes fall i the right bin. so that the bin

can be easily detected amid the background noisc. This means that the bin must not be too small,

or else some votes will fall in the neighbouring bins, thus reducing the visibility of the main bin.

Also. when the number of parameters is large (that is, when we arc using the Hough transform with

typically more than three parameters), the average number of voles cast in a single bin is very low.

appear to have a

A™?)

and those bins corresponding to a real figure in the image do not necessarily
much higher number of votes than their neighbours. The complexity increases at a rate of Of

with each additional parameter, where A is the size of the image space and m i the number of

parameters. (Shapiro and Stockman, 310) Thus, the Hough transform must be used with great carc
to detect anything other than lines or circles.

Finally, much of the efficiency of the Hough transform is dependent on the quality of the input
data: the edges must be detected well for the Hough transform to be efficient. Use of the Hough
transform on noisy images is a very delicate matter and generally, a denoising stage must be used

before. In the case where the image is corrupted by speckle, as is the case in radar images. the

Radon transform is sometimes preferred to detect lines, because it attenuates the noise through

summation.

2.8 Proposed system

In our proposed system we use Canny Edge Detection replacing the Simulink Edge Detection
which is recent and cfficient implementation in Python instead of MATLAB. Since, Python is the
Scripting and Statistical Modelling Language it supports faster execution for mathematical
functions which could be used by Canny Edge Detection technique. Secondly, we use Hough

Transform Space for 3-Dimensional Object detection which could faster and accurate compared to

single dimension object detection.




CHAPTER 3: METHODOLOGY
3.1 Image processing methodology

Digital image processing consists of the manipulation of 1mages using digital computers Its use
has been increasing exponentially in the last decades. Its applications range from medicne 10

vstems. one of

entertainment, passing by geological processing and remote sensing. Multimedia <

the pillars of the modern information society, rely heavily on digital image processing

| processing

The discipline of digital image processing is a vast one. encompassing digital signz

techniques as well as techniques that are specific to images. An image can be regarded as a

function f (x. y) of two continuous variables x and v. To be processed digitally. 1t has © be
sampled and transformed into a matrix of numbers. Since a computer represenis the numbers L
finite precision, these numbers have to be quantized to be represented digitally. Digital 1mage
processing consists of the manipulation of those finite precision numbers. The processin

images can be divided into several classes: image enhancement. image restoration. image analysis.

e

and image compression. In image enhancement. an image is manipulated. mostly

ge restoration

techniques, so that a human viewer can extract useful information from 1. Image

L P,
atnematical

techniques aim at processing corrupted images from which there is a statistical or m

description of the degradation so that it can be reverted. Image analysis techniques permit that an

image be processed so that information can be automatically extracted from it. Examples of image

analysis are image segmentation, edge extraction, and texture and motion analysis. An important

characteristic of images is the huge amount of information required to represent them. Even a grey-

scale image of moderate resolution, say 512 < 512. needs 512 » 512 x 8 = 2 x 106 bits for its

representation. Therefore, to be practical to store and transmit digital images. one needs 1o perform

some sort of image compression, whereby the redundancy of the images is exploited for reducing

the number of bits needed in their representation.

Digital image processing is to process images by computer. Digital image processing can be

defined as subjecting a numerical representation of an object to a series of operations 1n order 1o

obtain a desired result. Digital image processing consists of the conversion of a physical image

into a corresponding digital image and the extraction of significant information from the digital

image by applying various algorithms. Digital image processing mainly includes image collection,

image processing. and image analysis. At its most basic level. a digital image processing system is

comprised of three components, 1.¢.. a computer system on which to process images. an image

digitizer, and an image display device. Physical images are divided into small areas called pixels.
The division plan used often is the rectangular sampling grid method shown in Fig. 13.6, in which

d into many horizontal lines composed of adjacent pixels. and the value of

an image is segmente
12
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each pixel position reflects the brightness of corresponding pumt ol the physical Physical 1mag

process digits puther thim

cannot be directly analysed by a computer because the computer il only
;. . ) ) i o, The
images, so an image must be convertedinto a digital form before processed by computer. 11

conversion process is called digitization image,

o obtain an mteged value

At each pixel position, the brightness is sampled and quantized |1
ol all

indicating the brightness of the corresponding position in (he image. After the conversion

pixels of an image is completed, the image can be represented by o matrix of integers, lach pixel

has two attributions: position and grey level. The position is determined by the two coordinates of
sampling point in the scanning line, namely row and column. The integerindicating the brightness
of the pixel position is called grey level. Images displayed by digital matrix are called digital
images, and all digital image processing is based on the digital matrix.

The digital matrix is the object
process f(i, j) = the grey level of

pixel (i, j).

On the basis of image processing, it is necessary to separate objects from images by patiern

recognition technology. then to identify and classify these objects through technologies provided
by statistical decision theory. Under the conditions that an image includes several objects, the

pattern recognition consists of three phasesssed by a computer.

The first phase includes the image segmentation and object separation. In this phase, different
objects are detected and separate from other background. The second phase is the feature extraction.
In this phase, objects are measured. The measuring lfeature is to quantitatively estimate some
important features of objects, and a group of the features are combined to make up a feature vector
during feature extraction. The third phasc is classification, In this phase, the output is just a
decision to determine which category every object belongs to. Therefore, for pattern recognition,
what input are images and what output are object types and structural analysis of images. The

structural analysis is a description ofimages in order to correctly understand and judge for the

important information of images.

Image processing is the application of a set of techniques and algorithms to a digital image to
analyse, enhance, or optimize image characteristics such as sharpness and contrast. Most image
processing techniques involve treating the image as cither a signal or a matrix and applying
standard signal-processing or matrix manipulation techniques, respectively, to it. A pixel or
“picture element” is the smallest sample of a two-dimensional image that can be programmatically

controlled. The number of pixels in an image controls the resolution of the image. The pixel value

13



typically represents its intensity in terms of a grayscale image or

shades of grey (value 0 255) in
RGB (red, green, blue, each 0-255) valyes in 4 colour image. A voxel or syolumetric pixel™ is the
three-dimensional counterpart of the 2D pixel. It represents a single sample on - a three-
dimensional image grid. Similar (o pixels, the number of voxels ina 31 representation of an
image controls its resolution. The spacing between voxels depends on the type of data and its
intended use. In a 3D rendering of medical images such as CT scans and MRI scans, the size of a
voxel is defined by the pixel size in cach image slice and the slice thickness. The value stored in 2
voxel may represent multiple values. Tn CT scans, it is oftenthe Hounsficld unit which can then
be used to identify the type of tissue represented. In MRI volumes, this may be the weighting factor
(T1. T2. T2*. etc.). Image arithmetic is usually performed at pixel level and includes arithmetic as
well as logical operations applied to corresponding points on two or more images of equal size.
Geometric transformations can be applied to digital images for translation, rotation, scaling, and
shearing, as required. Matrix transformation algorithms are typically employed in this casc. For
binary and grayscale images, various morphological operations such as image opening and closing,
skeletonization. dilation, erosion, and so on, may also be employed for pattern matching or feature

extraction.

An image histogram represents the distribution of image intensity values for an input digital image.
Histogram manipulation is often used to modify image contrast or for image segmentation when
the range of values for the desired feature is clearly definable. Some common image processing
applications are introduced as follows. Feature extraction is an area of image processing where
specific characteristics within an input image are isolated using aset of algorithms. Some
commonly used methods for this include contour tracing, thresholding. and template matching.
Image segmentation is a common application of feature extraction which is often used with
medical imaging to identify anatomical structures. Pattern and template matching is useful in
applications ranging from feature cxtraction to image substitution. It is also used with face and

character recognition and is one of the most commonlyused image processing applications. There

are several image processing softwarc packages available, from freely distributed ones such as

Imagel to expensive suites such as MATLAB and Avizo which range in functionality and targeted
applications. We’ll discuss only a few of the commonly used ones within medical physics/clinical

engineering here. The image format most commonly used in medical applications is DICOM,

providing a standardized structurefor medical image management and exchange between different
medical applications (sec Chapter 8, “DICOM™). ImageJ is an open source, Java-based image
processing program developed at the National Institute of Health. It provides various built-in image

acquisition, analysis, and processing plugins as well as the ability to build your own using

Image)’s built-in editor and a Java compiler. User-written plugins make it possible to solve many

bespoke image processing and analysis problems. ImageJ can display, cdit, analyse, process, save,

yscale, 16-bit integer and 32-bit floating point images.43 1t can read

and print 8-bit colour and gra
14



. . : n time suming
many standard image formats as well as raw formats. 1t is multithreaded, so time-consuming

, . . 0 O st
operations can be performed in parallel on multi-CPU hardware. It has built-in routines for mo
common image manipulation operations in the medical field including processing of DICOM

jmages and image stacks such as those from CT and MRI.

Mimics44 is an image processing soflware for 3D design and modelling, developed by Materialise
NV. It is used to ereate 3D surface models from stacks of 2D image data. These3D models can
then be used for a variety of engineering applications. Mimics calculates surface3D models from
stacked image data such as CT, micro-CT, CBCT, MRI, confocal microscopy, and ultrasound,
through image segmentation. The region of interest (ROI) selected in the segmentation process is
converted to a 3D surface model using an adapted marching cubes algorithm that takes the partial
volume eftect into account, leading to very accurate 3D models. The 3D files are represented in the

STL format.45

The most common input format is DICOM, but other image formats such as TIFF, JPEG, BMP,
and raw are also supported. Output file formats differ, depcndin-g on the subsequent application,
but common 3D output formats include STL, VRML, PLY, and DXF. Mimics provides a platform
to bridge stacked image data to a variety of different medical engineering applications such as
finite element analysis (FEA; see the next section), computer- aided design (CAD), rapid
prototyping, and so on MATLAB is a programming environment for algorithm development, data
analysis, visualization, and numerical computation.46 It has a wide range of applications, including
signal and image processing. communications, control design, test and measurement, financial
modelling and analysis, and computational biology. The MATLAB Image Processing Toolbox™
provides a comprehensive set of reference-standard algorithms and graphical tools for image
processing, analysis, visualization, and algorithm development. It also has built-in support for
DICOM images and provides various functions to manipulate DICOM data sets. This makes 1t a
widely used tool in various medical physics/clinical engineering research groups and related

academia.

IDL is a cross-platform vectorised programming language used for interactive processing of large
amounts of data including image processing.47 IDL also includes support for medical imaging via
the IDL DICOM Toolkit add-on module. The image processing software packages mentioned here
are but a few of the commonly used ones within a medical physics/clinical engineering
environment partly due to their extensive libraries for medical image processing and partly for
historical reasons.48 There are many more free-for-use as well as commercial software packages
available providing varying degrees of functionality for different applications and, if there is a
choice available, it is advisable to explore the options available for a particular task.
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3.2 Architecture

System architecture of a road detection from a single image using computer vision consists mainly

the image which can be sent to a model and the output which consists of marking of detections of a
road. The system architecture starts by selecting a required image which is captured by driving
camera of a self-driving car. This should consist of all the details along with the road which should
be detected by the computer. This image should be sent to the model. The model mainly consists
of Edge detection model and Road Line detection model. The edge detection model occurs after
implementing the Canny edge detection algorithm and Road line detection model occur after
training the Hough transform space algorithm. Canny edge detection mainly consists of modules
such as Gaussian blur algorithm for noise reduction, Smoothening of image, Gradient Calculations,
Non-maximum  suppression, double threshold and edge tracking by hysteresis. All these
algorithms are compounded together to form a edge detection model by Canny’s process. The
selected image is first sent to Canny’s model and edges are found in an image. This edge detected
image is then sent into road line detection model which is formed using Hough Transform Space
algorithm. Hough transform spacealgorithm normalizes the sent image and then changes the value
of 6 in the normalized trigonometric line equation and thus detects the required road lines in an
image. The only imagewith edges is sent into the Hough Transform Space algorithm, because the
image with more noise takes large time for calculation rather than the image consists only edges of
an image. The Hough Transform Space uses the Road line dataset to train itself for detecting the
calculated line as a road line. This system architecture is thus used to detect the road lines inan
image. When a required output for a single selected image is sent into the model, the testing dataset
is sent into the model to get actual output of all the images. This architecture is thus used to build
the model which could detect the road from an image. When a model is manually evaluated the
process stops or will be used for training by improving the dataset used by Hough Transform Space

algorithm and then process is continued until required output is observed from a model.

To build the architecture required by a project, we use incremental process model in which we test
cach prototype and then clubbed with the actual model on observing a correct output. Each

Prototype is built along each model and then clubbed together with an actual model. In this way

project is built using incremental model.
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3.3 Canny edge detection architecture:

This process consists of mainly four functions in it. The image can be of any type whichconsists of
change in intensity in it. The change in intensity of pixels in an image defines the edges in an image.
The canny edge detection mainly focuses on change in intensity in an image. The change in pixel’s
intensities from high intensity to low intensity is known as edge. At first, the color image is
changed into black and white image and is passed to smoothening technique. We use Gaussian blur
as a smoothening technique followed by gradient calculations, Non- maximum suppression and
double threshold. Edge detection mainly use derivatives of pixel intensities in an image and then
reduce the complexity of an image. The edge is detected when there is change in intensity from
high to low which refers white shades to black shades (in gray scale image) in an image. Gray
Scale image is used because it would be easy to process thegray scale image than the colored
image. A gradient calculation process is used for calculating the @ through Sobel filters. Non-
Maximum suppression is a process of thinning of edges that should be occurred in a required output
image. Then a double thresholding is done to intensify the strong pixels of an output image and to

close the intensity of weaker pixels in an image. Thus, canny edge detection is used and its

architecture is built
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The resultant image occurred through Canny Edge detection is sent to Hough Transform Space

r algorithmic model as an input and then produces a required output.

3.4 Project modules

Road Detection from a single image using Computer Vision consists of image insertion. model
building and then testing. The model evaluation is done manually by the developer. We divided the

complete project into mainly four modules. They are as follows:
Module 1: Selecting the appropriate testing image

It is the most important process in the project. Single Image from testing dataset is taken such a
way that it reaches our implementation of a medel. Each model we implement takes a resultant
mage as an input and process it further to produce an output. This selecuon of image is more

important because implementation of each model requires an image input for processing. And if

required, then the resultant image 1s sent to next process that we need 10 develop further. In order
10 observe the clear output. the best suitable image should be selected such a way that the testing

' the processing is done, then cutputis produced. If output produced for the testing image is same as
J image should be able to produce the clear required output at the end of processes,




Module 2: Preprocessing the selected image

Preprocessing plays a major role in producing the required output in sufficient required amount of
time. Preprocessing of selected image mainly undergo the gray scaleconversion and smoothening
techniques which would be considered as the first process in Canny's process. The selected image
is converted into gray scale through the open source computer vision package. And then
smoothening is applied by implementing the Gaussian Blur algorithm on the sclected gray scale
image. A gray scale image mainly consists of change in variants from white to black that
represents the color mixes of red, green and blue. The normalization is main process of Gaussian
Blur process conversion which is done through multiplying each intensities of a pixels by their
corresponding normalized matrix values. Thus, preprocessing is done on the selected image. This
conversion of gray scale image and reducing noise in the image can help by reducing the
processing time in the next large processes. In machine learning projects in general. you usually go
through a data preprocessing or cleaning step. As a machine learning engineer, you'll spend a good
amount of your time cleaning up and preparing the data before you build your learning model. The
goal of this step is to make your data ready for the ML model to make it easier to analyze and
process computationally, as it is with images. Based on the problem you're solving and the dataset
in hand, there’s some data massaging required before you feed your images to the ML model.
Image processing could be simple tasks like 1mage resizing. In order to feed a datasetof
images to a convolutional network. they must all be the same size. Other processing  tasks  can

take place like geometric and color transformation or converting color to grayscale and many more.

The acquired data are usually messy and come from different sources. To feed them to the ML
model (or neural network), they need to be standardized and cleaned up. More often than not,
preprocessing is used to conduct steps that reduce the complexity and increase the accuracy of the
applied algorithm. We can’t write a unique algorithm for each of the condition in which an image

is taken, thus, when we acquire an image, we tend to convert it into a form that allows a general

algorithm to solve it.

Data preprocessing techniques might include:

Grey Scale Image Conversion:

Convert color images to grayscale to reduce computation complexity: in certain problems you'll

find it useful to lose unnecessary information from your images to reduce space or computational

complexity.

For example, converting your colored images to grayscale images. This is because in many objects,
color isn't necessary to recognize and interpret an image. Grayscale can be good enough for
recognizing certain objects. Because color images contain more information than black and white
images, they can add unnecessary complexity and take up more space in memory (Remember how
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color 1mages arc represenited in three channels, which means that converting it to grayscale

reducesthe number of piels that need to be processed)

Module 3: Edge Detection Implementation

The next step in the process if edge detection, which is main part in the program and required t©
detect the edges in the image irrespective of details present in an image. We use Canny Edge
Detection Algorithm to implement the edge detection techniques because the other processes
which are also used to find the edges in an image would contain detailed images compared to
Canny Edge Detection Technique. Canny Edge Detection technique mainly consists of four
processes in it. They are Gaussian Blur which we have performed for smoothening of image as
preprocessing technique, Gradient Calculation which 1s used to caleulate 68 for boundary
sclection of an image followed by Non-Maximum suppression and double threshold required for
strengthening the lines occurred in edged image of previous functions. Thus, we get the image with
cdges which is apphed as an mput to Hough transformation techmiques

The Canny edge detector 1s an edge detection operator that uses a multi-stage algorithm to detecta
wide range of edges in images 1t was developed by John - Canny i 1986 Canny also produced a

computational theory of edge detection explaiming why the technique works

The Canny filter 1s a mulu-stage edge detector 1t uses o filter based on the denvative of a
Gaussian i order 1o compute the imtensity of the gradients The Gaussian reduces the effect ol
noise present in the image Then. potential edges are thinned down to |- pixel curves by removing

non-maximum pixels of the gradient magnitude bis cdpe prvels are kept or removed usimg

hysteresis  thresholding on the gradient: magnitude The Canny has three adjustable parameters:

the width of the Gaussian (the noisier the image the greater the wadth), and the low and high

threshold for the hysteress thresholding

The general critena for edge detection include

Detection of edge with low crror rate, which means that the detection
shouldaccurately catch as many edges shown in the image as possible.
The edge pomt detected from the operator should accurately localize
on thecenter of the edge.

A given edge m the image should only be marked once. and where

possible.image noise should not create false edges.
Module 4: Hough Transformations
Hough Transformations require a Hough transformation space which is used to rotate the angles

of a tngonometric ne equation and then specify the lines present inan edge detected image.
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[f the trigonometric line in rotation meets the edges in the image, then itmay consider for applyimg
model trained for detecting roads in an image. The training is done in Hough ransformation space
which is used to deteet the actual road lines from an image. When the Hough transformations and
training is donc, then the road lines are detected on the selected image. The training ol model s

improvised until the correct output is observed from a selected image.

The Hough transform is a technique which can be used 1o isolate features of a particular shape
within an image. Because it requires that the desired features be specified in someparametric form,
the classical Hough transform is most commonly used for the detection of regular curves such as
lines, circles, cllipscs. ete. A gcncralizcd ”nllgh transform can be cmplnycd m ;|pp]ic;lliull$ where
asimple analytic description of a feature(s) is not possible. Due to the computational complexity of
the generalized Hough algorithm, we restrict the main focus of this discussion to the classical
Hough transform. Despite its domain restrictions, the classical Hough transform (hereatterreferred
to without the classical prefix) retains many applications, as most manufactured parts (and many
anatomical parts investigated in medical imagery) contain feature boundaries which can be
described by regular curves. The main advantage of the Hough transform technique is that it is

tolerant of gaps in feature boundary descriptions and is relatively unaffected by image noise.

The Hough technique is particularly useful for computing a global deseription of a feature(s)
(where the number of solution classes need not be known a priori), given (possibly noisy) local
measurements. The motivating idea behind the Hough technique for line detection is that each
input measurement (¢.g. coordinate pomt) indicates 1ts contribution to a globally consistent
solution (e.g. the physical line which gave rise to that image pomnt).

As a simple example, consider the common problem of fitting a set of line segments toa sct of
discrete image points (e.g. pixel locations output from an edge detector). Figure 1 shows some
possible solutions to this problem. Here the lack of a priori knowledge about the number of desired
line segments (and the ambiguity about what constitutes a line segment) render this problem under-

constrained.

We can analytically describe a line segment in a number of forms. However, a convenient equation

for describing a set of lines uses parametric or normal notion:

Xcost+Ysint=r
where r is the length of a normal from the origin to this line and t is the orientation of r with respect
to the X-axis. (See Figure 2.) For any point (X, Y) on this line, r

and t are constant.

In an image analysis context, the coordinates of the point(s) of edge segments (i.c. (X, Y) ) in the

image are known and therefore serve as constants in the parametric line equation, while r and t are



wn variables we seek. If we plot the possible (. 1) values defined by each (X. Y). pomnts
pular Hough p,n.'m'u.lc
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in Cartesian image space map to curves (1¢ sinusords) in the
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transformation 1s the Hough transformation for sraight hnes

point—m-curve
cadily

Hough parameter space. points which are collincar n the Cartesian 1mage space hecome T

apparent as they vield curves which intersect at a common (r. t) point

by quantizing the Hough parameter space into finite ntervals of
10 a discretized (r. t) curve

ks in the

The transform is implemented
accumulator cells. As the algorithm runs. cach (X. Y) is transformed In
emented. Resulting ped

and the accumulator cells which lie along this curve are incr
in the 1image.

accumulator array represent strong evidence that a corresponding straight line exists

We can use this same procedure to detect other features with analytical descriptions
In this case, the computational complexity of the algorithm begins to mcrease as we now have
(In general. the computation and

e coordinates in the parameter space and a 3-D accumulator.
s. Thus. the

thre
ials with the number of parameter

the size of the accumulator array increase polynom

basic Hough technique described here is only practical for simple curves.)

Module 5: Evaluating the output

put is done through confusion matrix and the accuracy metrics when a testing

Evaluation of out
t are passed into the model. then the output

dataset is passed. When all the images of testing datase
n the true positives. false positives. true n
jcy, precision scores can be

is observed on every image and the egatives and false

noted. This forms a confusion matrix and then accur:

negatives are
us. all the accuracy and precision of a model are

noted. This process is known as Evaluation. Th

noted.
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CHAPTER 4 : EXPERIMENTAL RESULTS
4.1 System configuration

4.1.1 Software Configuration

These are the Software Configurations that are required.

« Operating System: Windows 10/8/7 (incl. 64-bit), Mac OS, Linux

Language: Python 3
« IDE: Jupyter Notebook/ Spyder 3

«  Framework: Tkinter

4.1.2 Hardware Configuration

These are minimum Hardware configurations that are required.
« Processor: Intel core 2 duo or higher.
« RAM: 1 GB or higher
«  HDD: 256 GB or higher
«  Monitor: 1024 x 768 minimum screen resolution.

+ Keyboard: US en Standard Keyboard.

4.2 Sample code

Gaussian Blur
import numpy as npimport cv2
img = ch.imrcud{‘imagcs.’c:n._ipg'. cv2IMREAD GRAYSCALE)
img_out = img.copy()
height =
img.shape[0]width
= img.shape[1]
gauss = (I 0/57) *
np.array([[0, I, 2,
1, 0],
[1,3.53 1)
[2,5,9,5,2],
0.3, 531
[0,1,2,1,0])

sum(sum(gauss))
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for 1 in np.arnge(2,
height-2): for j in
np.arange(2, width-2):
sum = 0
for k in np arange(-2,
) for Lin
np.arange(-2, 3%
g
umg.ateni tk,

1Hhp

gauss| 2Kk, 2+1]
sum = sum + (p
*3)
b - sum
img_out.itemset((i.d)
b)

ev 2 imwrite('images’ filter_gauss.jpg’. img_out)

oy 3,imshuw('imagc'.img’oun
ov2.waitKey(0)
ov2.destroyAllWin
dowsy)

Convolution Operation

import numpy as np

# X and F are numpy
matricesdel
convolve_np(X. F):

X_height =

X.shape[0]

X width =

X shape(!]

F height

¥ shape[0]

F_ width

f .shape{1]

{1 = (F heght -

1)/ 2W =




(F width-1)/2
out = np.zeros((X_height, X_width))
for i in np.arange(H,
X_height-H): for j in
np.arange(W, X_width-w);
sum =0
for kin np.arange(-H,
H+1): for | in
np.arange(-W, W+1):
a= X[i+kj+]
w = F[H+k, W+
sum += (w *
ajout[i,)] = sum
return out
Edge Orientation with respect to theta

import numpy as np

def get_orientation_sector(dx,dy):
# rotate (dx,dy) by pi/8
rotation = np.array([[np.cos(np.pi/8), -

np.sin(np.pi/8)].[np.sin( np.pi/8),
np.cos(np.pi/8)]])

rotated = np.dm(mmlion. np.array([[dx]. [dy])

if rotated[1] < 0:
rotated[0] = -
rotated[0]
rotated(1] - -
rotated(1]

s_theta = -

if rotated[0] >= 0 and rotated[0] >=
rotated|1]:s_theta =0

olif rotated[0] > 0 and rotated[0] < rotated[1]:
s theta = |

clif rotated[0] ~ 0 and -rotated[0] =
rotated[1]:s theta =2

clif rotated|0] < 0 and -rotated[0] - rotated[ 1]:

s theta =3
25




return s_theta

Local Maximum Separation For Canny’s Process
def is_local_max(E_mag, i, j, s_theta,
t_low)mC = E_mag[i,]]
if mC <
t_low:
return
False
clse:
mL = -]
if s_theta == 0:
mL = E _magl[i.
j-1]elif s_theta ==
1:
mk = E_mag[i-1.
j-1]elif s_theta == 2:
mL = E_mag[i-1. j]
elif s theta == 3:

mL = E mag[i-1.+1]

mR - -1
if's theta==0:

mL = E_mag[i.
jH+1]elif s_theta ==
1:

mL = E_mag[i+].
j+1]elif s_theta == 2:

mL =
E_magl[i+1, jlelif
s_theta == 3:

mL = E_mag[i+1, j-1]

return mL <= mC and
mC >=mR

Edge Tracing and Threshold
import numpy as np

def trace_and_threshold(E_nms, E_bin, i, j. t_low):

E_bin[ij] = 255
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jL = np.max([j-1. 0])
jR = np.mn([j=1. E_bin.shape[1]])

iT = np.max([i-1, 0])
iB = np.min([i+1. E_bin.shape[0]])

P

)

J

P

|

l

l

F

| for i1 in np.arange(iT.

iB): for jjmn
' np.arange(jL. jR):
if E_nms[ii,jj] >= t_low and E_bin[iijj] == 0:
trace_and_threshold(E_nms. E_bin, ii. ).

t low)

return

Integrating the processes
import ¢v2 as ¢v import
numpy as np
import matplothb.pyplot

as plumport os

def

readlmage(mageName)

Smy

v amreadimageName)

return g

det showlmage(ime.
msg):
cv.imshow(msg.
img) ¢y avaitKev(®)
C\'.dcstroy:\li\\'imi

ows()

def graylnmgc(img}:
cv.COLOR_RGB2GRAY)

= cv.evtColor(img.

gray
"Gray Scaled Image - Press Any Key to

=

showlmage(gray.
Continue”)return gray

def GaussianBlur(img):

gau::si;mBIm‘ ov.GaussianBlur(img, (3.5), 0)
showlmage(gaussianBlur, "Gaussian Blured Image - Press Any Key to

Continue™return gaussianBlur



del l'tl}.’pl el Lion| i)

canny ooy ( iy S0 150
showlmage !
petcanny, "ldpe Detecinm Bge  Press Any | |
| ” i hh Ir I " 1y LN}
Contimue et canny o
det” graphShow(img)

pleimshow(img)

pltshow()

i Manual tec »
mual techmqgue o find the mask of an image — Fiding nish
manuallydet indimgMaskimge)

height g shape| 0|

trianglePolygon — np array([[200heghn, (OO hesght)
(60030 mask — npozeros hikeqimmg) i creates ey sime
shape as image of zerosev 1illPoly(mask, tranglePolypon. color
255) Heolor 255 15 white return mask
der
regionOtnterestimyg)
mask
findingMask(ing)
roadDetectedimage oy Drtwise andimg, misk)
return roadDetectedhmagee
def displayPoundbinestimg,
lines): flinallmage
np_cup_v{img:-unlyl.iuvs
np.Zeros like(img)
print("l ines Detected inan lmage u:"lp,n Hough Transfrom Space
are : \n™Mif lines is not None:
for cachLine in hines:
print(eachl ine)

xl.yloxd, y2 cachline.reshape(d)

m'.iinc{nnly[,inca. (x1, y1), (x2,y2), (125.0,64), 5) #Drawmy Line on an

Imageand 355,154,100 is color ol the line and thickness of a line

return onlylines

def disphtyl-‘muull inesOnReallmage(or el limge,

linedlmg): finallmage

0.7, linedimg, 1, Dyreturn finallmage

evaddWeighted(origimallmg:,

i _name =" main__ "
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oxsvstem"pip nstall
numpy™) ossvstem(pip
install matplotlib™)

os svstem("pip install openev-contrib-pyvthon™)
roadlmage — readlmage("roadlmage.jpg™)
roadlmageBackup = np.copy(roadimage)
showImage(roadlmage, "Testing Image - Press Any Key to Continue")
grayScalelmage = graylmage(roadlmageBackup)
vausstanBlur -G;1115,\'i;ulHlu:igra'\'.\‘calelllmge}
I'dgeDetection
cdgeDetection(gaussianBlur)

praphShow (EdgeDetection)

priny(7+" " +"Canny Edges plotted on graph"+3¥"\n")

# roadlmage shape[0] = Height (Maximum y) and roadlmage shape[1] =

Width (Maximum x)

detectedlmage WithAreaOtlnterest = regionOfInterest(Edge Detection)

eeWithArcaOtInterest,

showlmage(detectedimag "Road Detected Manually by

AND
operation on masking and image - Press Any Key to Continue™)
lines r\.Ilouuhl_im-.-:P(clclcclcdln‘mgc\\'ith.-\rcaOﬂmcrcsI. 2. np.pi/180. 100.
arrav([ - minLineLength = 40, maxLineGap = 3) = =2. theta and threshold

np.
eeWithAreaO finterest.

ishowlmage(detectedima "Hough Transform Space for
Detecting lines in an lmage - Press Any Key to Continue™)
onlyLines = disp1:l}-‘l"mlndLincs(madlm:\chackup. lines)
shuwlmagc(onlyLincs‘ "Lines detected by hough transform space - Press

Any Keyto Continue™)

finallmage displm'l-‘mundLim.‘sOnRcallmagc(madlmageBackup_onl}.Lincs,
showImage( finallmage. "Final Image with lines detected by hough transform
b L oAb e = =

Sp&!t\'
_ Press Any Key (o Continue™
4.3 Sercenshots and outputs

First we will have a look at our projects User Interface. These are the screenshots of project

wupuls,
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Figure 4.1: Sc e o )
gure 4.1: Sclected testing image so that it undergoes into process

e ea Famias Am sl me s

Figure 4.2: Grey scaied image output of a selected image

P

Figure 4.3: Gaussian Blur applied on grey scaled image
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Figure 4.6: Final image with detected lines of Hough Transform Space
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CH:\PTER 5 : CONCLUSION AND FUTURE WORKS

< | Conclusion

1o we drive, we use our eyes to decide i
When we b, decide where to 0. The lines on the road that show us where

.nes are act as our constant reference
{he lanes arc act onstant reference for where to steer the vehicle. Naturally, oncof the first

things W¢ would like to do in developing a self-driving vehicle is to automatically detect lane lines
using an a]gori(hm. The road detection region of interest (ROI), must be flexible. When driving up
or down a steep incline. the horizon will change and no longer be a product of the proportions of
the frame. This is also something to consider for tight turns and bumper to bumper traffic. This
project is entircly based on image processing and road detection in self-driving vehicles in which
has a great scope in future. We have completed the entire implementation using specific algorithms
1o detect the road clearly. If the people’s thought hasn’t changed about the self-driving cars being
safe. these cars are already safe and are becoming safer. Only if they believe and give a try to

technology. they get to enjoy the luxuryof computerized driving.

Driverless cars appear to be an important next step in transportation technology. They are a new
all-media capsule- text to your heart’s desire and it’s safe. Developments in autonomous cars is

continuing and the software in the car is continuing to be updated. Thoughit all started from a

driverless thought to radio frequency, cameras, SEnsors, more semi- autonomous featurcs will

come up. thus reducing the congestion. increasing the safety with faster reactions and fewer errors.

5.2 Future works

The updates in algorithms can be done easily since we do modular implementation and works
could be continued in future for change in implementation of model. We use the pickle file of
model to insert in required areas and then could be easily transferred onto products. So, this could
casily avoid compiling the entire large codc every time. We can also improve the project by
introducing the new future that the road can be detected in the dark i.e., during night. Driving at
night. The colour identification and selection process works very well in day light. Introducing
shadows will create some noisy, but it will not provide as rigorous a test as driving in night, or in
limited visibility conditions (¢c.g. heavy fog). And this project can detect the lane only on the
bitumen road but not the loamy soil road which is common in Indian villages. So, this project can
be further improved to detect the loamy soil roads that present in the villages and prevent the
accidents. As we implemented our project in the python we can also implement it in the upcoming
computer language Julia which is simple and easily understanding. This road detection system
Plays a key role in the self-driving vehicles which is the most awaited project. Self-driving cars are

Poised to revolutionize the transportation industry.
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