ISTANBUL AYDIN UNIVERSITY
FACULTY OF ENGINEERING
DEPARTMANT OF ELECTRICAL ELECTRONICS
ENGINEERING

GRADUATION PROJECT II

LANE DETECTION APPLICATIONS FOR
SELF-DRIVING CAR
Project Advisor :Asst. Prof. Necip Gökhan KASAPOĞLU

B1305.020058
Mert KAHRAMAN

Ġstanbul 2017

ISTANBUL AYDIN UNIVERSITY
FACULTY OF ENGINEERING
DEPARTMANT OF ELECTRICAL ELECTRONICS
ENGINEERING

GRADUATION PROJECT II

LANE DETECTION APPLICATIONS FOR
SELF-DRIVING CAR
Project Advisor :Asst. Prof. Necip Gökhan KASAPOĞLU

B1305.020058
Mert KAHRAMAN

Ġstanbul 2017

 Bu projenin bütün hakları Ġstanbul Aydın Üniversitesi Elektrik Elektronik
Mühendisliği Bölümü’ne aittir.

CONTENTS
ABSTRACT
ÖZET
ACKNOWLEDGMENTS
LIST OF FIGURE
SHOUTCUT LIST
1. INTRODUCTION ............................................................................................... 12
2. PRE-PROCESSING ............................................................................................ 13
2.1. GRAY SCALING ........................................................................................... 13
2.1.1. Methods ................................................................................................... 14
2.1.1.1. Average method ................................................................................ 14
2.1.1.2. Weighted method .............................................................................. 15
2.1.2. Grayscaling in Open CV .......................................................................... 16
2.2. IMAGE SMOOTHING: ................................................................................. 17
2.2.1. 2D Convolution ( Image Filtering ) ......................................................... 17
2.2.2. Gaussian Blurring .................................................................................... 20
2.2.2.1. 1D Gaussian kernel ........................................................................... 20
2.2.2.2. 2D Gaussian kernel ........................................................................... 21
2.2.2.3. Gaussian Blurring in Open CV ......................................................... 22
2.2.3. Median Blurring ....................................................................................... 24
2.2.3.1. Median Blurring In OpenCV ............................................................ 24
2.3. REGION OF INTEREST ( ROI ) ................................................................... 26
2.4. Image Segmentation & Thresholding ............................................................. 28
2.4.1. Thresholding types ................................................................................... 28
2.4.1.1. Simple Thresholding ......................................................................... 28
2.4.1.2. Adaptive Thresholding ..................................................................... 30
3. LANE DETECTION ........................................................................................... 33

3.1. EDGE DETECTION ...................................................................................... 33
3.1.1. Canny Edge Detection ............................................................................. 33
3.1.1.1. Finding Intensity Gradient of the Image ........................................... 34
3.1.1.2. Canny Filter in Open CV .................................................................. 35
3.1.2. Laplacian Derivatives Edge Detection .................................................... 35
3.1.3. Sobel X ,Y Edge Detection ..................................................................... 36
3.1.4. Related Works.......................................................................................... 36
3.2. HOUGH LINE TRANSFORM ..................................................................... 38
3.2.1. Theory ...................................................................................................... 38
3.2.2. Hough Transform in Open CV ................................................................ 40
3.2.3. Related Works.......................................................................................... 41
4. LANE TRACKING ............................................................................................. 43
5. CONCLUSION .................................................................................................... 47
6. FUTURE WORK ................................................................................................. 48
7. REFERENCES..................................................................................................... 49
8. CURRUCILIM VITAE ....................................................................................... 51

ABSTRACT

B. Sc. Thesis

LANE DETECTION APPLICATIONS FOR SELF-DRIVING CAR

Mert KAHRAMAN

Istanbul Aydın University
Faculty of Engineering
Department of Electrical-ElectronicsEngineering

Thesis Advisor:
Asst. Prof. Necip Gökhan KASAPOĞLU
January 2017_, 50pages

Researching lane detection methods and applications

for self-driving car and

working this methods on computer platforms with using real car videos
Firstly, lane detection applications works on real car images.Secondly, a real car
video and selected methods are applied and carried out via video.All applications
developed on Python and OpenCV library for development platform.
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Bu çalışmada , kendi kendine sürebilen (sürücüsüz) arabalarda şerit takip sistem ve
uygulama metodları araştırılmaktadır. Bu uygulamalar görüntü işleme teknikleri
kullanılarak yapılmaktadır. Birincil olarak araba içerisinden çekilmiş gerçek
fotoğraflar üzerinden şerit takibi için görüntü işleme metodları incelenmektedir ,
ikincil olaraktan da gerçek bir araba videosu üzerinde seçilen metodlar uygulanıp
video üzerinden yürütülmektedir. Bütün uygulamalar Python ve OpenCV geliştirme
ortamları ve kütüphaneleri kullanılarak yapılmaktadır.
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1. INTRODUCTION
Lane departure crashes cause hundreds of human deaths, thousands of injuries, and
billions of dollars in loss every year.
Lane detection systems are using today's semi self-driving and self-driving car (
autonomous ) technology .Lane detection systems provides to car where is going on
road and provides car's must be center of two road lines.
This project, I wrote a software using image processing and computer vision
methods.

The software identify the lane marking. I researched step by step

improvement lane detection methods and applications.
Firstly, lane detection applications works on real car images. Secondly, a real car
video and selected methods are applied and carried out via video.

Figure 1 Real car videos and lane tracking
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2. PRE-PROCESSING
Pre-processing

section

includes

requirements

for

edge

detection.

These

aregrayscaling , image smoothing and region of interest sections.
2.1. GRAY SCALING
Image formation using sensor and other image acquisition equipment denote the
brightness or intensity I of the light of an image as two dimensional continuous
function 𝑓(𝑥, 𝑦) where (𝑥, 𝑦) denotes the spatial coordinates when only the
brightness of light is considered. Sometimes three dimensional spatial coordinate are
used. Image involving only intensity are called gray scale images[1].
Gray levels represent the interval number of quantization in gray scale image
processing. At present, the most commonly used storage method is 8-bit storage.
There are 256 gray levels in an 8 bit gray scale image, and the intensity of each pixel
can have from 0 to 255, with 0 being black and 255 being white we. Another
commonly used storage method is 1-bit storage. There are two gray levels, with 0
being black and 1 being white a binary image, which, is frequently used in medical
images, is being referred to as binary image [2].

Figure 2 Gray image
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2.1.1. Methods


Average method



Weighted method or luminosity method

2.1.1.1. Average method
This is basically method converting of RGB to gray scale. RGB that means R: red ,
G: green , B: blue . We just take the average of three colors like shown equation
2.1.1

𝐺𝑟𝑎𝑦𝑠𝑐𝑎𝑙𝑒 =

𝑅+𝐺+𝐵
3

Figure 4 Original image

(2.1.1)

Figure 3 Applied average method to
image

If we have a color image like the image shown figure 4 and we convert this image to
grayscale using average method. The result is shown in the figure 3.
We are taking 33% of red , 33% of green , 33% of blue , that means each of the color
has same contribution in the figure 3
Therefore ,The average method is very simple , but there is a brightness problem in
the figure 3. The solution to this was given by the weighted method.
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2.1.1.2. Weighted method
We have seen the problem that occur in the average method. Weighted method has a

solution to that problem. Since red color has more wavelength of all the three colors ,
and green is the color that has not only less wavelength then red color but also green
is the color that gives more soothing effect to the eyes [3].
It means that we have to decrease the contribution of red color , and increase the
contribution of the green color , and put blue color contribution in between these
two.So , we have new equation like shown the equation (2.1.2)

𝑔𝑟𝑎𝑦𝑠𝑐𝑎𝑙𝑒 =

0.2989 × 𝑟𝑒𝑑 +

Figure 6 Original image

0.5870 × 𝑔𝑟𝑒𝑒𝑛 + 0.1140 × 𝑏𝑙𝑢𝑒 (2.1.2)

Figure 5 Applied weighted method to image

If we have a color image like the image shown figure 6 and we convert this image to
grayscale using weighted method. The result is shown in the figure 5.
According to this equation ,we are taking 30% intensity of red , 59% intensity of
green and 11% intensity of blue.
Therefore , The weighted method is the best method of grayscale , so that the
brightness problem is gone in the figure 5.
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2.1.2. Grayscaling in OpenCV
There are more than 150 color-space conversion methods available in OpenCV. But

we will look into only two which are most widely used ones, BGR
HSV.

Gray and BGR

For color conversion, we use the function cv2.cvtColor(input_image, flag) where
flag determines the type of conversion[4].

gray_image = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)
full code: Grayscale.py
importcv2
image = cv2.imread('roadlines.jpeg') #Load our input image
#we use cvtColor ,convering to grayscale
gray_image = cv2.cvtColor(image, cv2.COLOR_BGR2GRAY)
cv2.imwrite('gray_image.png',gray_image) # saves gray_image
cv2.imshow('color_image',image) # shows original image on the window
cv2.imshow('gray_image',gray_image) #shows grayscale image on the window
cv2.waitKey(0)
cv2.destroyAllWindows()

# waits forever for user to press any key
# closes displayed windows

Figure 8 Color_image (. /roadlines.jpeg)

Figure 7 Gray_image
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2.2. IMAGE SMOOTHING:
Image smoothing algorithms are applied in order to reduce noise .smoothing is also
called blurring, is a simple a convolution process.
A convolution is a mathematical operation performed on two functions producing a
third function which is typically a modified version of one of the original functions
to perform a smoothing operation we will apply a filter to our image. The most
common type of filters are linear, in which an output pixel's value (i.e. 𝒈(𝒊, 𝒋)) is
determined as a weighted sum of input pixel values (i.e..𝒇(𝒊 + 𝒌, 𝒋 + 𝒍)) : shown
equation( 2.2.1)

𝒈 𝒊, 𝒋 =

𝒇 𝒊 + 𝒌, 𝒋 + 𝒍 𝒉 𝒌, 𝒍

(𝟐. 𝟐. 𝟏)

𝒌,𝒍

𝒉(𝒌, 𝒍) is called the kernel, which is nothing more than the coefficients of the
filter.[6]It helps to visualize a filteras a window of coefficients sliding across the image.
Several filtering algorithms will be presented together with the most useful supports

2.2.1. 2D Convolution ( Image Filtering )
This filter is the simplest of all! Each output pixel is the averaging (mean) of its
kernel neighbors ( all of them contribute with equal weights)
The kernel is beloweq( 2.2.2).

(2.2.2)
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(2.2.3)
The above is a 5 x 5 kernel. eq.(2.2.3)
Filtering with the above kernel results in the following being performed: for each
pixel, a 5x5 window is centered on this pixel, all pixels falling within this window
are summed up, and the result is then divided by 25. This equates to computing the
average of the pixel values inside that window. (Figure 9) This operation is
performed for all the pixels in the image to produce the output filtered image.(Figure
10) [5].

Figure 9 Gray image

Figure 10Applied averaging filter , kernel 5x5
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Figure 11Applied averaging filter , kernel 7x7

Figure 12 Applied averaging filter , kernel 9x9

Code :2Dconvolution.py
import cv2
import numpy as np
image = cv2.imread('test1.jpg',0) # reads image , and convert to grayscale
kernel = np.ones((5,5),np.float32)/25# kernel 5x5
averaging = cv2.filter2D(img,-1,kernel)# 2D filtering parameters
cv2.imshow('original image',image)# # shows original image on the window
cv2.imshow('average filtering',averaging)# shows averaging image on the window
cv2.waitKey(0)
cv2.destroyAllWindows()

# Waits forever for user to press any key
# Closes displayed windows
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2.2.2. Gaussian Blurring
The Gaussian Blurring operator is a 2-D convolution operator that is used to `blur'
images and remove detail and noise. This process is similar to the mean filter , but it
uses a different kernel that represents the shape of a Gaussian (`bell-shaped') hump.
This kernel has some special properties which are detailed figure 13.

2.2.2.1. 1D Gaussian kernel

Figure 13

𝐺 𝑥 =

1
2𝜋𝜍

𝑒

−𝑥 2
2𝜍 2

G(x) one dimensional Gaussian kernel plot

(2.2.4)

Assuming that an image is 1D, you can notice that the pixel located in the middle
would have the biggest weight. The weight of its neighbors decreases as the spatial
distance between them and the center pixel increases like shown Figure 13[6].
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2.2.2.2. 2D Gaussian kernel

Figure 14Figure 15

𝐺 𝑥, 𝑦 =

−𝑥 2 +𝑦 2
1
2𝜍 2
𝑒
2𝜋𝜍 2

G(x, y) one dimensional Gaussian kernel plot

(2.2.5)

The idea of Gaussian smoothing is to use this 2-D distribution as a ‘point-spread'
function, and this is achieved by convolution. Since the image is stored as a
collection of discrete pixels we need to produce a discrete approximation to the
Gaussian function before we can perform the convolution. In theory, the Gaussian
distribution is non-zero everywhere, which would require an infinitely large
convolution kernel, but in practice it is effectively zero more than about three
standard deviations from the mean, and so we can truncate the kernel at this point.
Figure 3 shows a suitable integer-valued convolution kernel that approximates a
Gaussian with a 𝜍 of 1.0. It is not obvious how to pick the values of the mask to
approximate a Gaussian. One could use the value of the Gaussian at the centre of a
pixel in the mask, but this is not accurate because the value of the Gaussian varies
non-linearly across the pixel. We integrated the value of the Gaussian over the whole
pixel (by summing the Gaussian at 0.001 increments). The integrals are not integers:
we rescaled the array so that the corners had the value 1. Finally, the 273 is the sum
of all the values in the mask.like shown in eq( 2.2.6) [7].

1 4 7 4 1 
4 16 26 16 4

 1
7 26 41 26 7  

 273
4 16 26 16 4
1 4 7 4 1 

(2.2.6)
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2.2.2.3. Gaussian Blurring in OpenCV
In this approach, instead of a box filter consisting of equal filter coefficients, a
Gaussian kernel is used. It is done with the function, cv2.GaussianBlur(). We should
specify the width and height of the kernel which should be positive and odd. We also
should specify the standard deviation in the X and Y directions, sigmaX and sigmaY
respectively. If only sigmaX is specified, sigmaY is taken as equal to sigmaX. If both
are given as zeros, they are calculated from the kernel size. Gaussian filtering is
highly effective in removing Gaussian noise from the image.[8]

blur = cv2.GaussianBlur(img,(5,5),0) # function and parameters kernel 5x5

example code: gaussianBlur.py
import cv2
import numpy as np
image = cv2.imread("test1.jpg", 0) # grayscale
blur = cv2.GaussianBlur(image,(9,9),0) #gaussian blur (kernel 9x9)
canny_image = cv2.Canny(blur,50,125) # Canny Filter on blurred image
canny2_image = cv2.Canny(image,50,125) # Canny Filter on grayscale
cv2.imwrite('no_blurring.jpg', canny2_image) # write to folder
cv2.imwrite('GaussianBlur_filter.jpg', canny_image) # write to folder
cv2.waitKey(0)
cv2.destroyAllWindows()

# waits forever for user to press any key
# closes displayed windows
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Figure 16 Original image (./test1.jpg)

Figure 17 Canny filter applied on blurred grayscale
image (canny_image)

Figure 18 Canny edge detection applied on grayscale
image (canny2_image)

Figure 19Canny edge detection applied on grayscale
image using with GaussianBlur 9x9 kernel)
(canny_image )
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2.2.3. Median Blurring
Median filtering is anonlinear method used to remove noise from images.It is widely
used as it is very effective at removing noise while preserving edges. It is particularly
effective at removing ‘salt and pepper ‘ type noise. The median filter works by
moving through the image pixel by pixel, replacing each value with the median value
of neighbouringpixels[9].
2.2.3.1. Median Blurring In OpenCV
Here, the function cv2.medianBlur() computes the median of all the pixels under the
kernel window and the central pixel is replaced with this median value. This is highly
effective in removing salt-and-pepper noise. One interesting thing to note is that, in
the Gaussian and box filters, the filtered value for the central element can be a value
which may not exist in the original image. However this is not the case in median
filtering, since the central element is always replaced by some pixel value in the
image. This reduces the noise effectively. The kernel size must be a positive odd
integer [10].
I added a 50% noise ‘salt and pepper effect’ to our original image and applied
median filter .So that , removed all salt and pepper noises.
median = cv2.medianBlur(img,5)
Results:

Figure 21Noisy image

Figure 20Applied medianBlur filter to noisy
image and removed all salt and pepper effects
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code: medianblur.py
import cv2
image = cv2.imread("sp_noise5.jpg") # salt and pepper noise image
blur = cv2.medianBlur(image,5) #applied median filtering
cv2.imwrite('denoisewithmedian5.jpg', blur) # write to folder
cv2.waitKey(0)
cv2.destroyAllWindows()

# Waits forever for user to press any key
# Closes displayed windows
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2.3. REGION OF INTEREST ( ROI )
The extraction of region of interest (ROI) is an important task of pre-processing
stage, aiming at reducing the computational cost due to the processing time. It is
unnecessary to process the entire pixels of images. Computation should be focused
on regions which contain important information (as the triangular in Figure ,23,24,
and rectangular in Figure 22 which contains lane marking pixels)[11].

Figure 22First method region of all lanes

Figure 23 Second method region is only our lane

Figure 24Applied region of interest
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code: roi1.py
import cv2
import numpy as np
import matplotlib.pyplotas plt
img = cv2.imread("test1.jpg", cv2.IMREAD_GRAYSCALE) # grayscale
blur = cv2.GaussianBlur(img,(7,7),0) #gaussian blur
edge = cv2.Canny(blur,50,125) # Canny Filter
bot_left = [70, 676] #x, y cordinates of pixel
bot_right = [1075, 676]#x, y cordinates of pixel
apex_right = [624, 413]#x, y cordinates of pixel
apex_left = [624, 413]#x, y cordinates of pixel
mask = np.zeros(edge.shape, dtype=np.uint8)
vertices = [np.array([bot_left, bot_right, apex_right, apex_left], dtype=np.int32)]
cv2.fillPoly(mask, vertices, 255)#x, y cordinates of pixel
masked_image = cv2.bitwise_and(blur, mask)
cv2.imshow("masked image", masked_image)
cv2.imwrite("maskedroitriangular.jpg", masked_image)
plt.imshow(img)
plt.show()
cv2.waitKey(0) # Waits forever for user to press any key
cv2.destroyAllWindows() # Closes displayed windows
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2.4. Image Segmentation & Thresholding
Thresholding is the simplest method of image segmentation. It is a non-linear
operation that converts a gray-scale image into a binary image where the two levels
are assigned to pixels that are below or above the specified threshold value. In other
words, if pixel value is greater than a threshold value, it is assigned one value (may
be white), else it is assigned another value (may be black)[11].
- Ġmage need to be converted to grayscale before thresholding
we have a prepared fuction in OpenCV Library
We are using this function for tresholding: cv2.threshold

2.4.1. Thresholding types
Main thresholding types; Simple thresholding, Adaptive thresholding, Otsu’s
thresholding etc.

2.4.1.1. Simple Thresholding
 cv2.THRESH_BINARY
 cv2.THRESH_BINARY_INV
 cv2.THRESH_TRUNC
 cv2.THRESH_TOZERO
 cv2.THRESH_TOZERO_INV

code: threshold.py
import cv2
import numpy as np
from matplotlib import pyplot as plt
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img = cv2.imread('gradient.png',0)
ret,thresh1 = cv2.threshold(img,127,255,cv2.THRESH_BINARY)
ret,thresh2 = cv2.threshold(img,127,255,cv2.THRESH_BINARY_INV)
ret,thresh3 = cv2.threshold(img,127,255,cv2.THRESH_TRUNC)
ret,thresh4 = cv2.threshold(img,127,255,cv2.THRESH_TOZERO)
ret,thresh5 = cv2.threshold(img,127,255,cv2.THRESH_TOZERO_INV)

titles = ['Original
Image','BINARY','BINARY_INV','TRUNC','TOZERO','TOZERO_INV']
images = [img, thresh1, thresh2, thresh3, thresh4, thresh5]

for i in xrange(6):
plt.subplot(2,3,i+1),plt.imshow(images[i],'gray')
plt.title(titles[i])
plt.xticks([]),plt.yticks([])

plt.show()

Figure 25 Threshold types
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2.4.1.2. Adaptive Thresholding
In the previous section, we used a global value as threshold value. But it may not be
good in all the conditions where image has different lighting conditions in different
areas. In that case, we go for adaptive thresholding. In this, the algorithm calculate
the threshold for a small regions of the image. So we get different thresholds for
different regions of the same image and it gives us better results for images with
varying illumination[12]: Code: noisyimage.py
import cv2
import numpy as np
from matplotlib import pyplot as plt
img = cv2.imread('abanthighway1.png',0) # noisy image
ret,th1 = cv2.threshold(img,80,255,cv2.THRESH_BINARY)
th2 = cv2.adaptiveThreshold(img,255,cv2.ADAPTIVE_THRESH_MEAN_C,\
cv2.THRESH_BINARY,11,2)
th3 = cv2.adaptiveThreshold(img,255,cv2.ADAPTIVE_THRESH_GAUSSIAN_C,\
cv2.THRESH_BINARY,11,2)
titles = ['Original Image', 'Global Thresholding (v = 80)',
'Adaptive Mean Thresholding', 'Adaptive Gaussian Thresholding']
images = [img, th1, th2, th3]
for i in range(4):
plt.subplot(2,2,i+1),plt.imshow(images[i],'gray')
plt.title(titles[i])
plt.xticks([]),plt.yticks([])
plt.show()
edges=cv2.Canny(th3,50,350)
cv2.imshow('Canny filter', edges)
cv2.waitKey(0)
cv2.destroyAllWindows()

# waits forever for user to press any key
# closes displayed Windows
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Resuls:

Figure 26 Adaptive thresholding applications
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ifwe apply inverse binary to threshold like shown in figure 27.

Figure 27 Adaptive thresholding applications ( inverse binary )

The major problem with edge segmentation is that a number of thresholds need to be
adjusted, and the adjustments depend only on the image undergoing testing, while
color segmentation techniques are sensitive to lighting conditions, especially those
occurring on sunny days[13] .
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3. LANE DETECTION
We have created the infrastructure for edge detection in the pre-processing phase
until now. After the pre-position we need edge detection for detect to lanes.So , we
need edge filters for edge detection.
3.1. EDGE DETECTION
Edge-based segmentation usually consists of edge detection and binarization.
Different edge detection methods are proposed based on edge features, which usually
include shape (distribution of edge points) and gradient information[14].
There are three main types edge detection:


Sobel: to emphasize vertical or horizontal edges



Laplacian: Gets all orientations



Canny: Optimal due to low error rate, well defined edges and accurate
detection.(developed by John F.Canny in 1986)
3.1.1. Canny Edge Detection

 Applies Gaussian blurring
 finds intensity gradient of the image
 Applied non-maximum suppression (i.e. if removes pixels that are not edges)
 Hysteresis- Applies thresholds (i.e. if pixel is within the upper and lower
thresholds, it is considered an edge)

 note:
Since edge detection is susceptible to noise in the image,first step image must be
grayscale, second step is to remove the noise in the image using with a 5x5 Gaussian
filter.
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3.1.1.1. Finding Intensity Gradient of the Image
Smoothened image is then filtered with a Sobel kernel in both horizontal and
vertical direction to get first derivative in horizontal direction (𝐺𝑥 ) and vertical
direction (𝐺𝑦 ) From these two images, we can find edge gradient and direction for
each pixel as follows[13]:

Gradient:
The gradient method detects the edges by looking for the maximaand minima in the
first spatial derivative of the image. Mathematically, thegradient of a two-variable
function (here the image intensity function) at eachimage point is a 2D vector with
the components given by the derivatives in thehorizontal and vertical directions. At
each image point, the gradient vectorpoints in the direction of largest possible
intensity increase, and the length ofthe gradient vector corresponds to the rate of
change in that direction[15].

𝐸𝑑𝑔𝑒 𝐺𝑟𝑎𝑑𝑖𝑒𝑛𝑡 𝐺 =

𝐺𝑥 2 + 𝐺𝑦 2

(3.1.1)

𝐴𝑛𝑔𝑙𝑒 𝜃
= 𝑡𝑎𝑛−1

𝐺𝑦
𝐺𝑥

(3.1.2)

Gradient direction is always perpendicular to edges. It is rounded to one of four
angles representing vertical, horizontal and two diagonal directions
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3.1.1.2. Canny Filter in Open CV
OpenCV puts all the above in single function, cv2.Canny(). We will see how to use
it. First argument is our input image. Second and third arguments are our minVal and
maxVal respectively. Third argument is aperture_size. It is the size of Sobel kernel
used for find image gradients. By default it is 3. Last argument is L2gradient which
specifies the equation for finding gradient magnitude. If it is True, it uses the
equation mentioned above which is more accurate, otherwise it uses this function:
𝐸𝑑𝑔𝑒 𝐺𝑟𝑎𝑑𝑖𝑒𝑛𝑡 𝐺 = 𝐺𝑥 + 𝐺𝑦

(3.1.3)

By default, it is False.
Canny filter code parameters below:
cv2.Canny(image, 50,125)
We have two gradient parameters , if we put on equation our gradient values
eq.(3.1.3) (G) = 50 + 125 .So, we can adjust with these gradient values and detect
the edge intervals.
3.1.2. Laplacian Derivatives Edge Detection
It calculates the Laplacian of the image given by the relation, eq.(3.1.4)where each
derivative is found using Sobel derivatives[17].
If kernel_size = 1, then following kernel is used for filtering eq. (3.1.5)

(3.1.4)

0
𝑘𝑒𝑟𝑛𝑒𝑙 = 1
0

1 0
−4 1
1 0

(3.1.5)
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3.1.3. Sobel X ,Y Edge Detection

−1 0
𝐺𝑥 = −2 0
−1 0

1
1
2
1
2 ; 𝐺𝑦 = 0
0
0 (3.1.6)
1
−1 −2 −1

Sobel operator is a pair of 3x3 convolution kernels as shown in eq. (3.1.6) . The
second kernel is obtained by rotating the first by 90; the two kernels are orthogonal
to each other. These kernel values are designed for maximum response to edges
running vertically and horizontally relative to the pixel grid, one kernel for each of
the two perpendicular orientations. One can apply kernels separately to the input
image, in order to produce separate measurements of the gradient component in each
orientation (known as 𝐺𝑥 and 𝐺𝑦 ). These can then be combined together to find the
absolute magnitude of the gradient at each point and the orientation of that gradient
[16].
3.1.4. Related Works

Figure 29 Original image (/roadlines.jpeg)

Figure 28 Applied Canny filter

Figure 31 Applied Sobel Y operator

Figure 30Applied Sobel X operator
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Figure 33 Applied Laplacian method

Figure 32 Applied Sobel OR operator

Therefore, I used canny edge detection because , Results shown us( figure 28) it
gives the best edge detection .
Code:edge-based-segmentation.py
import numpy as np
image = cv2.imread('roadlines.jpeg',0)
blur = cv2.GaussianBlur(image,(7,7),0)
# Extract Sobel Edges
sobel_x = cv2.Sobel(image, cv2.CV_64F, 0, 1, ksize=5)
sobel_y = cv2.Sobel(image, cv2.CV_64F, 1, 0, ksize=5)
cv2.imwrite('Original.jpg', image)
cv2.imwrite('SobelX.jpg', sobel_x)
cv2.imwrite('SobelY.jpg', sobel_y)
sobel_OR = cv2.bitwise_or(sobel_x, sobel_y)
cv2.imwrite('sobelOR.jpg', sobel_OR)
laplacian = cv2.Laplacian(image, cv2.CV_64F)
cv2.imwrite('Laplacian.jpg', laplacian)
canny = cv2.Canny(blur, 50,125)
cv2.imwrite("Canny.jpg",canny)
cv2.waitKey(0)
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3.2. HOUGH LINE TRANSFORM
When images are to be used in different areas of image analysis such as object
recognition, it is important to reduce the amount of data in the image while
preserving the important, characteristic, structural information. Edge detection makes
it possible to reduce the amount of data in an image considerably. However the
output from an edge detector is still a image described by it’s pixels. If lines, ellipses
and so forth could be defined by their characteristic equations, the amount of data
would be reduced even more. The Hough transform was originally developed to
recognize lines [18], and has later been generalized to cover arbitrary shapes [19]
[20].

3.2.1. Theory
A line can be represented as eq(3.2.1) or in paraetric form, as eq(3.2.2) where is the
perpendicular distance from origin to the line, and is the angle formed by this
perpendicular line and horizontal axis measured in counter-clockwise[21].

𝑦 = 𝑚𝑥 + 𝑐
𝜌 = 𝑥𝑐𝑜𝑠𝜃 + 𝑦𝑠𝑖𝑛𝜃

3.2.1
(3.2.2)
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In the Polar coordinate system: Parameters: (r,θ)

Figure 34 in the polar coordinate system

For Hough Transforms, we will express lines in the Polar system. Hence, a line
equation can be written eq. (3.2.3) eq. (3.2.4)
𝑦=

cos 𝜃
𝑟
𝑥+
sin 𝜃
sin 𝜃

𝑟 = 𝑥𝑐𝑜𝑠𝜃 + 𝑦𝑠𝑖𝑛𝜃

(3.2.3)

(3.2.4)

All lines can be represented in this form when θ ∈ [0, 180[ and r ∈ R (or θ ∈
[0,360[ and r ≥ 0). The Hough space for lines has therefore these two dimensions; θ
and r, and a line is represented by a single point, corresponding to a unique set of
parameters ( 𝑟0 , 𝜃0 ) [22]. The line-to-point mapping is illustrated in figure 35.

Figure 35 Mapping of one unique line to the Hough space
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3.2.2. Hough Transform in Open CV
I 'm using cv2.HoughLinesP to detect lines in the edge images.like this code line:

cv2.HoughLinesP(edges,1,np.pi/180,100,minLineLength,maxLineGap)

There are several parameters you'll need to tweak and tune:

 rho: Distance resolution of the accumulator in pixels.
 theta: Angle resolution of the accumulator in radians.
 threshold: Accumulator threshold parameter. Only those lines are returned
that get enough votes (>threshold).
 minLineLength: Minimum line length. Line segments shorter than that are
rejected.
 maxLineGap: Maximum allowed gap between points on the same line to
link them.
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3.2.3. Related Works
Example application:Finding airports on satellite using with Hough Transform
Code: hough.py
import cv2
import numpy as np
img = cv2.imread('havalimanı.png')# read color image
gray = cv2.cvtColor(img,cv2.COLOR_BGR2GRAY)#grayscale
blur = cv2.GaussianBlur(gray,(7,7),0) #gaussian blur
edges = cv2.Canny(blur,50,125) # Canny Filter
cv2.imwrite('cannyhavalimanı1.png', edges)# edges write to folder
minLineLength = 100# minimum line lenght
maxLineGap = 40# minimum line gap
lines = cv2.HoughLinesP(edges,1,np.pi/180,100,minLineLength,maxLineGap)
#Hough Line transform
for x1,y1,x2,y2 in lines[0]:
cv2.line(img,(x1,y1),(x2,y2),(0,255,0),2)# shape lines using cordinate system

cv2.imwrite('havalimanı1.jpg',img)#img write to folder
cv2.waitKey(0) # waits forever for user to press any key
cv2.destroyAllWindows() # closes displayed windows

Figure
37Original
(./havalimanı.png)

airport

images

Figure 36 Airport detected and shaped
green line on the airport
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Figure 38 Applied canny filter

Figure 42 Extreme long image canny filter

Figure 39 Same color image but extreme long
shot (zoom out of figure 37)

Figure 40 Detected airport and shaped green
line on the airport

Figure 41 Similar applications applied to Kayseri Airport and
detected

I applied hough transform to three different color satellite images. figure 37 and
figure 39 same image but figure 39 zoom out of figure 38. There are rural areas in
both airports but figure 41 Kayseri Airport is located in the city. Detection near in the
city is more difficult than others. We looks for very long road and best straight lines
on images.
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4. LANE TRACKING
Iprepared pre-processing and edge detection using images. In this step, I am working
onrecorded real car video we adjust 25 fps our video captures. My real video 1500
px so , you need a full hd monitor to watch .
System architecture:
1. Grayscaling

2. Image Smoothing

3. Edge Detection

4. Region of Interest

5. Hough Line Transform

6. Draw Lines

Figure 43 Lane tracking on real video
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Full Code:lanetracking.py
import cv2 # OpenCV library
import numpy as np #numpy
import matplotlib.pyplotas plt #matplotlib
import math
#function of grayscaling
defgrayscale(img):
return cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)
#function of canny filter
defcanny(img, low_threshold, high_threshold):
return cv2.Canny(img, low_threshold, high_threshold)
#function of GaussianBlur image smoothing
defgaussian_blur(img, kernel_size):
return cv2.GaussianBlur(img, (kernel_size, kernel_size), 0)
#function of region of interest
defregion_of_interest(img, vertices):
mask = np.zeros_like(img)
if len(img.shape) >2:
channel_count = img.shape[2]

# i.e. 3 or 4 depending on your image

ignore_mask_color = (255,) * channel_count
else:
ignore_mask_color = 255
cv2.fillPoly(mask, vertices, ignore_mask_color)
masked_image = cv2.bitwise_and(img, mask)
return masked_image

#function of draw lines , color red , thickness 7 px
def draw_lines(img, lines, color=(0 ,0,255), thickness=7):
for line in lines:#draw line cordinates
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for x1, y1, x2, y2 in line:
cv2.line(img, (x1, y1), (x2, y2), color, thickness)
#function of hough line transform
defhough_lines(img, rho, theta, threshold, min_line_len, max_line_gap):
lines = cv2.HoughLinesP(img, rho, theta, threshold,
np.array([]),minLineLength=min_line_len,maxLineGap=max_line_gap)
line_img = np.zeros(img.shape, dtype=np.uint8)
draw_lines(line_img, lines)
return line_img

def weighted_img(img, initial_img, α=0.8, β=1., λ=0.):
return cv2.addWeighted(initial_img, α, img, β, λ)

defpipeline(image):
### Params for region of interest
bot_left = [450, 935]

# 138i715

bot_right = [1500, 914]
apex_right = [1141, 732]

# 688,372

apex_left = [675, 732]
v = [np.array([bot_left, bot_right, apex_right, apex_left],
dtype=np.int32)]
### Run canny edge dection and mask region of interest
Gray = grayscale(image)
blur = gaussian_blur(gray, 7)
edge = canny(blur, 50, 125)
mask = region_of_interest(edge, v)
### Run Hough Lines and separate by +/- slope
lines = cv2.HoughLinesP(mask, 0.8, np.pi / 180, 60, np.array([]),
minLineLength=20, maxLineGap=150)
### Draw lines and return final image
line_img = np.copy((image) * 0)
draw_lines(line_img, lines, thickness=10)
line_img = region_of_interest(line_img, v)
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final = weighted_img(line_img, image)
return final
#function of video capture
defmain():
cap = cv2.VideoCapture('RussiatoNorway.mkv')
while (cap.isOpened()):
ret, frame = cap.read()
cv2.imshow('window',pipeline(frame))
if cv2.waitKey(25) &0xFF == ord('q'): #25 frame per second
cap.release()
cv2.destroyAllWindows()
break
main()
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5. CONCLUSION
The project was successful in that the video images clearly show the lane lines
are detected properly and lines are very smoothly handled.
It only detects the straight lane lines. It is an advanced topic to handle curved lanes
(or the curvature of lanes). We'll need to use perspective transformation and also
poly fitting lane lines rather than fitting to straight lines.
Having said that, the lanes near the car are mostly straight in the images. The
curvature appears at further distance unless it's a steep curve. So, this basic lane
finding technique is still very useful.
Another thing is that it won't work for steep (up or down) roads because the region of
interest mask is assumed from the center of the image.
For steep roads, we first need to detect the horizontal line (between the sky and the
earth) so that we can tell up to where the lines should extend.
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6. FUTURE WORK
Some future works can be in order for the improvement and extension of our work.
We have a night vision problem.Thermal videos or other night vision cameras can be
used to improve the detection rate at night.
We can improve inverse perspective mapping (IPM) instead of ROI by using proper
projective mode.
Falling shadows should not on the road (as overpass,footbridge, signs etc.) , In the
future we must remove this situation
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