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ABSTRACT Roads are one of the finest mosle of
transportation among al modes of

Lane Detectiorplays an important role in Inteligent ~ ransportation. Due to the negligence of drivers
Transportation system.Lane detection is an  0ad crashes areontinuously increasingiay by
important aspect of autonomous vehicl#ss also a Qay. LO(_:aIIZIng lane marks pa_lnted in the _road
preventive measure for road accidentdough mage s caled Lane _d_ete(_:tlo.n The  major
Transform technique uses the edge map obtained objectie O.f lane recogniion s t(_ietect as wel
from segmentation to detect the lane markbe as recognize the lane marks painted on the road

| obiective of thi 510 i the | and then pvide these locations to an inteligent
overa . objec |ve. or this Paper S 0, mprove the ahe system. In inteligent transportation systems,
detection algorithm using adaptive segmentation inteligent  vehicles cooperate  with  smart

techniques lke Otsu, Fuzzy and-rieans.It has infrastructure to achieve a safer environment
been found that the value used to segment the road gng petter trafic conditions.

image containing lanes has been taken staticedly. Advanced driver assistance systems (ADAS) are
overcomethis, a new lane detectiomethodwith an the systemghat are designed to assist the driver
adaptive segmentation value bkabeen proposed. in its driving process. Many systems lke lane
This approach has the abiity to boost the lane excursion detection and warning, inteligent
colorization inFarview, Nearview and curvedoad cruise control, colision avoidance system, blind
images in efficient manner by utiizing thedditive spot detecton are a part of ADAS.ane
Hough Transform algorithm with optimzed  departure warning system is a paft ADAS
segmentationtechniques Various parameters like ~ Whose objective is to detect the lane marks and
Accuracy,F-measureMean SuareError are used to warn the driver in case when the vehicle has
for calculating the effectiveness of this heijue. tendency to depart from the laneMany

techniques have been made to detect and locate
the lane marksHough Transform is the most
commonly used technique for lane detection but
the limitaton of Hough Transform is its time
complexity to calculate the parameter values.
Based on the previous work done in lane
detection feld, a method isrgposed in this
paper to detect and localize the lane marks by
1. INTRODUCTION using Improved Hough Transformbased on
adaptive segmentation  techniques This
technique vyields accurate resultsn ilane

The poposed technique yields accurate results as
compared texisting techniques.

KEYWORD

ROI; Hough Transform Otsy K-means; FCM;
Additive Hough Transformiane detection

Available online: http://edupediapublications.org/journals/index.php/l1JR/ Page |254



https://edupediapublications.org/journals
http://edupediapublications.org/journals/index.php/IJR/
mailto:manpreetb8802@gmail.com1
mailto:ravneet89.sidhu@gmail.com2

International Journal of Research

International Journal of Research
Availableathttps://edupediapublications.org/journals

p-ISSN: 2348-6848
e-ISSN: 2348-795X

~Z
£ R

Volume 03 Issue 05

% . March 2015

detection of saight or curved roadsas well as
far-view and earview road images

2. LITERATURE SURVEY

Road safety is the major concern of all the lane
detection systems. Most dhfe road accidents
happen when the driver departs from the lane.
The Hough Transform (HT) developed by Poly
Hough in 1962 is the most commonly used
technique to detect the lane marks. Many
varieties and applications to detect the lane lines
can be found in the lterature¥u et al. have
proposed a lane detection technique that uses
the Hough Transform with a parabolic model
under various road and weather cooddéi A
mult- resolution strategy has been employed to
improve the Hough Transform but the method is
computationally tractable and less prone when
the noise is present in the imadd.Tseng et al.
have proposed a lane detection algorthm that
uses Geometr information and  Hough
transform but the algorthm was time
consuming and also faled when the lane
boundaries intersected in a region which is a
nonroad areal[2]. Kim et al have presented
robust lane detection and tracking algorithm
based on random saf@ consensuand particle
fitering [3]. An algorithm to detect the painted

algorthm  for  detecting unexpected lane
changes. The algorthm uses -nkhxima
approach and improved Hough Transform is
applied on the nediield of view to detect the
straight lnes 9]. Phaneendra et al have
proposed an accident avoiding system that uses
Hough Transform to detect the left and right
marks and determines the position of the vehicle
with respect to these marks and gives a warning
message whenever the vehideparts fromthe

lane [10]. Cho et al. have proposed a lane
recognition algorithm that uses muliple region
of interest. Hough transform with applied
accumulator cells has been applied to detect the
lane marks in each region of intere&t][ Yi et

al. have discussedhe existing lane detection
techniques and the benefts and Ilmis of
existing lane colorization problems. It has been
found that most of the existing researchers have
used the Hough Transform algorithm for lane
detection and also neglected the overheafls o
existing techniques. The Imitaton of Hough
Transform is its time complexity to solve
trigonometric functions to evaluate parameter
values. To reduce the Ilmitatons of existing
researchers, the author has proposed a modified
approach for lane detectiocalled as Additive
Hough Transform that accelerate the HT
process in computationally efficient manner and

as wel as unpainted roads has been designed by making it suitable for redime lane detection.

Khalfa that uses Hough Transform for line
extraction ff]. Borkar et al. have proposed a
lane detection algorithm that is suitabler
detecting the lane marks at night. Low
resoluton Hough Transform has been employed
to detect the straight laneS].[] Wang et al. have
used the ideas of region of interest and Random
Hough Transform to detect the road edgéks [
Lakshmi et al have ppwmsed the color
segmentation procedure to detect the white and
yellow colored lanes on the road].[ Mariut et

al. have proposed a method that detects the lane
marks using Hough Transform and has the
tendency to determine traveling direction of the
vehice [8]. Ghazali et al have proposed an

The algorithm randomly selects two points in
the image space and solves thasing additive
propery to obtain a point in the parameter space
[13]. After surveying the lterature, it has been
found that most of the existing researchers have
used the Traditonal Hough transform that is
capable for detecting straight lines only and
static threshold is udeto segment the image to
obtain the edge map. In order to reduce the
imtations of existing researchers, a new
strategy has been proposed in this paper that
consiss of Improved HoughTransform using
adaptivesegmentation techniques

3. OVERVIEW OF ALGORITHM
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The proposed algorithm works in two steps
preprocessing and poesgrocessing. Pre
processing is low level image processing that
deals with images from the camera and generate
useful information for detection parts. It
includes ROl selecton dn gray scale
conversion. Intially the road image is captured
by the camera and a regio of interest is
extracted frominput image in order to reduce
the search area and to sas@mputational time.
Then the gray scaleonversion of themage is
done to rduce the processind?ostprocessing
consists of two steps. In frst step, image
segmentation is done to obtain an edge map
which is used as an input by Additve Hough
Transform. In second step Additive Hough
Transform is applied to detect the lane marks.

3.1 Region of interest

The roal image is captured by the camera that is
mounted in front of the vehicleThe region of
interest is extracted from the original age by
cropping the road image. Ihcreases the speed
and accuracy of the lane detection algorithm.
The maximum region of interest mainly lies in
the bottom half of the road image where all the
necessary objects such as lane markings,
pedestrians and other vehicles are present. On
the bas of the dimensions of the image, the
region of interest is calculated bgducing each
side of the image

3.2 Gray-scale Conversion

The RGB imageis converted into grayscale
format. Grayscale conversion transforms a 28
bit, 3 channelRGB colo image into 8 bit, one
channel and grayscale image. Generaly, road
surface can be made up of various obstacles
such as shadows, tire skids, oil straidserse
pavement style whichhenges the color of the
road surface and lane markings to form one

image regio to another. Due to this, the image
is converted into gray scale

3.3 Image Segmentation

Image segmentation is an important step in
image analysis and object recognition. It divides
an image into meaningful structuresLane
detection algorithm uses edge map of the image
to detect the lanesThe proposed algorithm
consists of thresholding and clustering based
image segmentation techniques that are used to
segment the road lane image. The various image
segmentation technigs used in this algorithm

are Otsu, Kmeans and Fuzzy segmentation
technique.  These segmentation techniques
divide the road image using an adaptive
threshold value which results in better lane

detection results.

3.3.1 Otsu Threshold based segmentation

Otsu's segmentation algorthm automaticaly
clusters pixels into two groups: background and
foreground. The main idea of Otsu's algorth

is to find threshold that would maximize
betweerclass variance andminimize within

class variance. All pixels are cldissl into two

classes using ¢hthreshold. First step is to create
a histogram of pixel values. After it, probability
of pixel value is estimated. Pseudo code for
Ot suds algorithm is

Step 1: Compute Normalized Histogram

of the input image and denote the
components of the Histogram by

n — 1)
Where 0 0 is pixels of the image and

f denotes the number of pixels with
intensity Q
Step 2: Compute the cumulative sums,
0 Q,for 0, 1, 2, é.é2 using eqn.
).

0 Q B g
Step 3: Compute the cumulative means,
aQ, for 0, 1, 2, éél using eqn.
3).

(2)
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a’Q B n (3) fuzzy partition matrix iterativelyand computing
Step 4: Compute the global intensity the clustercenters 12]. In orcer to achieve this,
mean, a using eqn. (4). the algorithm tries to minimize the objective

¢ B o ) function:
Step5: Compute the between class , ‘ . .
variance ,, Q for G0, 1, 2, L-1, L B B w L 9)
using eqn. (5).

N — (5) Wherem is any real number greater thanug,is
Step 6: obtain the Otsu threshold .0 as the degree of membership xfin the clusteyj, X
the value of "Q for which ., Q s is the ith data, U is the center of the cluster.
maximum, using _ eqn.’(G)'. _ Membership* is given by:

” ‘Q = I A Q’! 'Q (6) —_

The new image is reduced to a binary ¢ % % (10)
image where every image is transformed
with a dynamic threshol d. 3.4 Hough Transform

3.3.2 K-means clustering

o Hough Transform (HT) is an efficient tool for
K-means  clustering is another way of detecting straight lines imn image, even in the

certain number of clusters that are fixed prior. principle of the Hough Transform is that every
The number of clusters isselected randomly. point in the image has infinte number of lines,

cluster centreis calculded. Thedata elementsi The goal of the transform is to identifyet ines

assigned to the cluster centre whose distance that pass through the most points in the image.

from the cluster centre minimum of all cluster These are the lines that most closely match the
centers Then new cluster cant is recalculated features in the image. Hough transform

using eqn. (. algorithm uses an array, called an accumulator,
to detect Ilnes. The dimension ofthe
v PgB O (7 accumulator is equal tothe number of an

unknown Hough transform parameter.h e J

Where 066 represents the number of data points parameter represents the distance between the

in jth cluster. This algorithmaims ine and the origin, and the parametef
atminimizingan objective functon known as represents the angle of theector from the
squared error function given by: origin to the closest point on the liné count
(intialized at ®ro) in Hough accumulator at
0w B B ® 0 (8) point (4, d) S i nNcCr e me
considers.

3.3.3 Fuzzy based segmentation

The fuzzy cmeans (FCM) algorithm is a
clustering algorithm. It was developed by Dunn
and Bezdek. The aim of FCM algorithm is to
find an optimal fuzzy garttion by evoling the
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} = xcosd+

Fig.1 Hough transform for detecting straight lines

Hough transform is unsuitable for real time
applications because higltomputational time
incurred by conventional Hough voting
attributed to  trigonometric  functions and

multiplications applied to every edge pixel.

3.5 Additive Hough Transform

From the warious implementaton of Hough
Transform it is known thatthe classic Hough
algorithm has heavy calculation burden resulted
into ineffectiveness to satisfy retihe request.
Therefore, we modify it for detecting both
straight and curved roads efficienty as wel as
for calculating more than one edge poiihe
idea is to select two points and solve them using
the equations 11) and (12

OAT & &) ) (11)

" wAT-O w OEF (12)

The corresponding accumulator units are set to
zero in the parameter space. If the points exist in
the parameter space the corresponding
accumulators count plus 1. If not, the points are
inserted into the parameter space.

4. EXPERIMENTS & RESULTS

We lave performed the experiments in
MATLAB under Hp computer having Intel(R)
CoreE i5 processor, 32
system, 4.00 GB RAM and RADEON Graphics.
A database of more thaB5 road images has
been colectedand is divided into three sets on
the basis of curved images and images captured

by the camerdrom near and farThis technique
has been implemented on a number of images

acqured along the roads withdifferent
fluminaton conditions in different situations
such as single/double lane marks,

supplementary road marks etc.

4.1 Detection of lane marks using Hough
transform and Additive Hough Transform:

Hough  Transform and Additive Hough
transform techniques have been applied on the
different test images. The lane detection results
of the following four different test images on
applying these techniquesre shown in . 2.

In Fig.2, column (a) representsthe original
images capturd by the camera, columiib)
representghe lane detected imag@btainedon
applying the Tradibnal Hough Transform
technique and columr(c) representsthe lane
detected image on appling AHT Hough
Transform technique. From subjective
evaluation it is evident that more lines are
detected by AHT as compared to HT. Also to
evaluate the performance of HT and AHT, the
average values of Accuracy,-rReasure and
MSE are evaluated for three image selbe
average values of these parameters are shown in
Tables 1, 2, and 3 From experimental results
and performance measures, it is vivid that
results of AHT are more accurate as compared
to HT.

bit windows 7 operating
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(a) (b)

(c)

Fig.2 (a) Input Image; (b) Traditional Hough Tefarm
lane detected image; (c) Additivdough Transform
lane detected image.

Performance Evaluation:

Performance Evaluaton table shows the
analysis of lane detection techniques using
different parameters such as Geometric

Accuracy, Fmeasure and MSE. The average
values of parameters of convenab and new
technigues have been calculated to analyze the
performance. Performance evaluation tables are
shown for three sets of images named as sets
containing images captured by the camera from
Far, Neatview and a set containing curved lane
images.

a) Accuracy

Accuracy is the major requirement of the lane
detection techniques. Geometric accuracy is the
accuracy of a resutted image compared to the
original image.In Table 1, 2, 3, Accuracy value
obtained by HT and AHT techniques for Far
view, Nearview and Curved lane images is
shown. From table values, it is clear that
accuracy of AHT is more as compared to HT.

Table 1Performance evaluatieof Accuracy Fmeasure
and MSEon applyingHT and AHT techniqueson Far

view images.
IM | ACCURACY F-MEASURE MSE
G. HT AHT HT AHT HT AHT
1 [ 0.3597| 0.4259 | 59.2136| 62.8741| 0.5562 | 0.5310
2 | 0.5246[ 0.5891 | 68.3042 71.4368| 0.4871| 0.3935
3 | 0.8523| 0.9173 | 89.4269| 93.7638| 0.0924 | 0.0779
4 [ 0.8621] 0.8906 | 88.5713| 92.1536| 0.0648 | 0.0601
5 [ 0.7953[ 0.8261 | 84.1367 | 87.3642 0.1726 | 0.1587
6 | 0.8796| 0.9083 | 86.7432| 91.7680| 0.0982 | 0.0900
7 | 0.8478[ 0.8957 | 88.2149 94.5796| 0.0824 | 0.0781
8 | 0.8876[ 0.9310 | 87.1567 | 90.2926 | 0.2493 | 0.2105
9 | 0.7820[ 0.8196 | 89.2674| 93.2478| 0.0416 | 0.0397
10 | 0.8936] 0.9279 | 82.3648| 87.4965| 0.0587 | 0.0429
11 [ 0.8706] 0.9201 | 88.2146 92.7543| 0.0816 | 0.0631
12 | 0.9150] 0.9486 | 84.2397| 90.7462| 0.0220 | 0.2114
Avg | 0.7892 [ 0.8334 [ 52.9878 | 87.3731 | 0.1672 | 0.1630

b) F-measure

F-measure parameter is used to compute the
average of information retrieval precision and
recall matrices.

Table 2 Performance evaluatiemof Accuracy Fmeasure
and MSEon applyingHT and AHT technigueson Near

view images.
M ACCURACY F-MEASURE MSE
G. HT AHT HT AHT HT AHT
T [ 0.1478[ 0.1834| 9.2197 | 11.0130| 0.9754 | 0.9527
2 | 0.6520| 0.6982 | 79.2036| 82.9742| 0.3152 | 0.2942
3 | 0.8472| 0.8860 | 88.3796| 92.7481| 0.1287 | 0.0963
4 | 0.6752| 0.7089| 79.1053| 82.7952| 0.3168 | 0.2840
5 | 0.8950| 0.9581| 92.1406| 95.1009 0.0298| 0.0176
6 | 0.7835| 0.8509 | 86.4113| 89.9745| 0.3249 | 0.2067
7 | 0.8291| 0.8862| 90.2014| 92.4978| 0.1921 0.1132
8 | 0.8973| 0.9359 | 92.3674| 95.7201| 0.0845| 0.0798
9 | 0.7924 0.8660 | 89.4783| 90.3478 0.2871[ 0.1392
10 | 0.7861| 0.8446 | 88.3607| 90.8119| 0.4129| 0.2510
11 | 0.5532| 0.5982 | 71.2413]| 74.2940| 0.4073 0.3823
12 | 0.5607 | 0.6391| 75.4971| 78.3495| 0.3574 | 0.3341
Avg. | 0.7016 | 0.7546 | 78.4671 | 81.3855 | 0.3193 | 0.2625
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A larger Fmeasure value indicates high  Algorithm, Fuzzy Segmentation algorithm and

classification or clustering qualityn Table 1, 2, K-means clustering algorithmThese techniques
3, F-measurevalue obtained by HT and AHT are appled on three data sets of imagjest
techniques for Faview, Nearview and Curved contain images captured by the camera from far
lane images is shown. From table values, it is view, near view and curved imagesihe
clear that F-measureof AHT is more for all segmentation results obtained by Otsu, Fuzzy
image setas compared to HT. and K-meansare shown in Fig.3From visual
perspective, it is clear that theegmentation
¢) Mean Square Error results of Fuzzy are more accurate than others.

Mean Square Error is a risk function
comresponding to expected value of squared
error loss or quadrate loss. It is a measure of

image qualty index. The large value of MSE (a) ) © "
means the image s a poor quality image. Fig.3 (a) Input Image (b) Otsu Segmented Image
Tab|e_1’ 2, 3,the MSE taken_b)HT and AHT Fuzzy Segmented Image (d)-rheans Segmente:
techniques on Farnew, neafview and curved Image (e) Improved Lane Detected Image

images is shownFrom table values, it is clear
that AHT has least value of MSE for all image
sets as compared to HT.

Table 3Performance evaluati@of Accuracy Fmeasure

and MSEon applyingHT andAHT techniqueson Curved (a) (b) (c) (d
laneimages. Fig.4 (a) Input Image (b) Otsibased AHT lane

IM'| ACCURACY F-MEASURE MSE detectedimage (c) Fuzzybased AHT lane detecte

G. HT AHT HT AHT HT AHT Imaae (d) Kmeansbased AHT lane detectdahace

1 | 0.1587| 0.1979| 9.1276 | 12.7569 | 0.9590| 0.9406

2 | 0.8852| 0.9167| 90.0378| 94.3715| 0.1084[ 0.0981 In Fig. 4, the lane detection resutts of AHT by
3 | 0.8219| 0.8892| 91.0078| 93.6473| 0.1162| 0.0982 using Otsu, Fuzzy and -Keans segmentation
4 | 0.1086] 0.1379| 19.6347| 24.8413| 0.9634| 0.8796

= are shown.

0.8331[ 0.8856[ 89.1439| 92.9309( 4.1009| 2.9645
Av | 0.5615 | 0.6054 | 59.7903 | 63.7095 | 1.2495 | 0.9962

Table 4 Performance evaluation of Accuracy on applying
segmentatiomnased AHT techniquesn Farview images.

. Accuracy Evaluation
4.2 Impr_oved I—_Iouqh_ Transform  using VS VPROVED ART
segmentation techniques: 5750 077y NEANS
. . 1 0.8965 0.9881 0.4986
Additve Hough Transform (AHT) technique .
: : . 06310 0.9790 09789
uses an edge map obtained by image gradient
. : 3 0.9496 0.9843 0.9484
processing method as an input for lane
. 2 0.9559 0.9804 0.9437
detection. The threshold value used to segment
. ) ) : 5 0.8557 0.9700 0.9590
the image is taken staticaly. Therefore adaptive
. . . 6 0.9538 0.9968 0.9633
threshold value is required to ingwe the .
o 0.9485 0.9966 0.9258
results further. The Additve Hough Transform
. . . , : 8 0.9638 0.9780 0.9590
technique is appled with threeadaptive
. . 9 0.8584 0.9983 0.8408
segmentation techniques based on Otsu
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10 0.9675 0.9768 0.9753 1 0.2198 0.9980 0.3850
11 0.9637 0.9773 0.9609 2 0.9535 0.9789 0.9409
12 0.9808 0.9832 0.9811 3 0.9496 0.9843 0.9487%
Avg. 0.9104 0.9841 0.9112 4 0.1633 0.8718 0.6371
From the experimental results, it is vivid that 5 0.9409 0.9777 0.9453
Fuzzy based AHT gives more accurate lane Avg. 0.6454 0.9621 0.7713
results as compared to the other techniques. In Table7 Performance evaluation étmeasureon applying
Table 4, 5, 6, accuracy values obtained by segmentatiolased AHT techniquesn Farview images.
se mentz;ltior’] b’ased AHT techniques on- far Fmeasure Bvaluation
) 9 . d d 1 q. IMG. IMPROVED AHT
View, hear view and curve an_e _lmages are 50 7y VIEANS
shown. From the table values, it is vivid that 1 938730 597013 56,0001
Fuzzy based AHT has more accuracy as 5 567785 989357 989356
compared to Otsu and-Keans based AHr 3 974138 991657 573557
al image sets 1 97.6471 98.0448 97.0804
Table s Perf Ut ‘A vi 5 91.8641 98.4624 97.9056
rman n It n n
able > Feriormanceevaluation ot Accuracy on applying 6 96.9549 99.5355 98.1854
segmentation based AHT techniques on Nearew
images. 7 98.1074 99.8326 98.1174
Accuracy BEvaluation 8 97.2963 99.8169 96.1486
IMG. IMPROVED AHT 9 98.1455 98.8407 97.0074
OTSU FUZZY K-MEANS 10 92.3676 99.9006 91.6310
1 0.2198 0.9980 0.3850 11 96.6253 98.4313 97.5536
2 0.9401 0.9664 0.7409 12 96.0746 98.4284 98.3244
3 0.9535 0.9789 0.9409 AVQ. 94.4998 99.1413 94,5951
4 0.9179 0.0841 0.7535
5 0.9945 0.9999 0.9911
6 9164 9816 . . )
0.9 0.98 0.8968 Table 8 Performance evaluation &fmeasureon applying
7 0.9335 0.9855 0.9497 segmentation based AHT techniqueson Nearview
8 0.9860 0.9947 0.9902 images.
9 0.9028 0.9890 0.9464 F-measure Evaluation
10 0.9082 0.9984 0.8944 IMG. IMPROVED AHT
11 0.6975 0.9847 0.6409 OTsU FUZzY K-MEANS
il 12.2197 7.987 256197
12 0.8171 0.0738 0.6835 o 97.9879 °.619
2 96.0104 97.6440 84.9242
Avg. 0.8489 0.9863 0.8177
3 97.6178 98.9057 96.7979
. 7 945478 98.8982 85.1516
In Table 7,8, 9, F-measurevalues obtained by
. . 5 99.7254 99.9972 99.5536
segmentation based AHT techniques on- far
. . . 6 94.4997 98.7349 92.6138
view, near view and curved lane images are
7 95.0187 99.0822 96.8828
shown.
8 98.8863 99.7182 99.2468
) _ 9 94.4821 99.3457 96.7402
Table 6 Performanceevaluation of Accuracy on applying 5
conventionaland segmentation techniques on Curved lane 10 95.1784 99.9116 94.336
images. 11 81.9304 98.8995 77.8151
Accuracy Evaluation 12 87.5205 98.0860 80.9472
IMG. IMPROVED AHT AVg. 87.3781 98.0347 85.8857
OTsU | FUZZY | K-MEANS
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Table 11 Performance evaluation of MSE on applying
segmentatiotnased AHTtechniques orl€Curvedimages

From table values, it is clear that Fuzzy based

Improved AHT techniquehas higher Fmeasure - MSEEI"J';:“‘\’/“EDAHT
values for farview, nearview and curved G ©
images In Table 10, 11, 12, MSE values oy Fozzy K-MEANS

. . 1 0.9493 0.0020 0.8963
obtained by segmentaton based AHT

. . . 2 0.0465 0.0211 0.0591
techniques on faview, near view and curved

. Y 3 0.0504 0.0157 0.0516
lane images are shown. From table values, it is ; S5 S To57 53635
clear that Fuzzy based AHT has least value of ' : :

5 1.4766 0.0223 0.0547

MSE as compared to Otsu andrieans based
AHT Avg. 0.6719 0.0378 0.2849

Table 12 Performance evaluation d¥ISE on applying

Table9 Performance evaluation &tmeasureon applying segmentationbased AHT techniqueson Nearview

segmentationbased AHT techniques on Curved lane images. :
: MSE Evaluation
images
F-measure Evaluation IMG. IMPROVED AHT
IMG. IMPROVED AHT OTsSU FUZzY K-MEANS
55U =V T VEANS T 0.9493 0.0020 0.8963
1 15.2197 97.9009 25.6197 2 0.0599 0.0336 0.2591
2 97.9009 98.2197 96.6132 3 0.0465 0.0211 0.0591
3 97.4138 99.1657 97.3522 4 0.0821 0.0159 0.2465
Z 27.7523 90.7637 77.6383 > 0.0055 0.0010 0.0089
5 96.9569 98.8013 97.1735 6 0.0836 0.0184 0.1024
AVg. 67.0487 96.9702 78.8793 7 0.0665 0.0145 0.0503
8 0.0629 0.0053 0.0421
9 0.0972 0.0110 0.0602
Table 10 Performance evaluation of MSE on applying 10 0.0918 0.0016 0.1056
segnentationbased AHTtechniques on Fariewimages. 1T 03075 00153 03591
MSE Bvaluation 12 0.1829 0.0262 0.3165
IMG. IMPROVED AHT ) ) :
OTSU FUZ7Y KVIEANS Avg. 0.1692 0.0138 0.2088
T 0.0943 0.0119 0.5014
2 0.3690 0.0210 0.0212 i
3 50504 SOTE 501G From .th.e experimentsand performance
7 50441 50196 50553 measures rt_ls clear thatFuzzy ba_sedHough
= ARErE 90305 5540 Transform yields _better lane detection results for
5 50867 55033 0367 three types of |mage§ets than Otsu and K
5 OOELE 50034 00743 means bz_ised AHand is _capablg to detect lanes
3 TG o517 55510 from farview _and near view of image as wel as
5 50355 55533 RIS to detect straight or curved road lanes.
10 0.0367 0.0227 0.0391
H 0.0565 0.0310 0.0322 4.2 Fuzzy based Hough Transform:
12 0.0192 0.0168 0.0189
Avg. 0.0939 0.0166 0.0885 Fuzzy based Hough Transform technique is

implemented on thehree sets ofroad images
containing lane marks. The enhanced lane
detection results are t#ined by Fuzzy based
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HT as compared to AHT techniqudsig. 5

shows the enhanced lane detection results of
orignal image obtairee by using AHT and

Fuzzy based HT techniques. Performance

evaluation Tables 13, 14, 15 are showing the

comparison and complete analysis of AHT and

Fuzzy based HT techniquesin Table 13,for
the Farview images, the average values of

Accuracy, Fmeasure and MSEobtained by

AHT and Fuzzy basd Hough Transform

techniques are shown. From the table values, it

is clear that the results of Fuzzy based Hough
transform technique are more accurate as

4 0.8906| 0.9804 | 92.1536( 98.9448 | 0.0601| 0.0196
5 0.8261| 0.9700 | 87.3642( 98.4624 | 0.1587| 0.0300
6 0.9083] 0.9968 [ 91.7680[ 99.5355 [ 0.0900[ 0.0032
7 0.8957| 0.9966 | 94.5796 99.8326 | 0.0/81| 0.0034
8 0.9310| 0.9780 | 90.2926( 99.8169 | 0.2105| 0.0017
9 0.8196| 0.9983 | 93.2478( 98.8407 | 0.0397| 0.0232
10 0.9279| 0.9768 | 87.4965( 99.9006 | 0.0429| 0.0227
11 0.9201| 0.9773 | 92.7543| 98.4313 | 0.0631| 0.0310
12 0.9486| 0.9832 | 90.7462( 98.4284 | 0.2114| 0.0168
Avg. | 0.8334 0.9841 87.3731 | 99.1413 | 0.1630 | 0.0166

compare to AHT technique.

Table ¥ Performance evaluatign of Accuracy F
measure and MSBn applying AHT and Fuzzy based
HT techniquesn Nearview images.

(a) (b) (c)

Fig.5 (a) Input Image (b)AHT lane detectedmage

(c) Fuzzybased Improved HT lane detected Image.

Table B Performance evaluatisn of Accuracy F

IM [ ACCURACY F-MEASURE MSE
G. AHT Fuzzy AHT Fuzzy | AHT | Fuzzy
based based based
HT HT HT
1 0.1834] 0.9980 | 11.0130] 97.9879] 0.9527| 0.0020
2 0.6982 | 0.9664 | 82.9742] 97.6440] 0.2942| 0.0336
3 0.8860| 0.9789 | 92.7481| 98.9057| 0.0963| 0.0211
4 0.7089| 0.9841 | 82.7952| 98.8982| 0.2840| 0.0159
5 0.9581| 0.9999 | 95.1009| 99.9972| 0.0176| 0.0010
6 0.8509| 0.9816 | 89.9745] 98.7349]| 0.2067| 0.0184
"’ 0.8862 | 0.9855 | 92.4978] 99.0822] 0.1132| 0.0145
8 0.9359| 0.9947 | 95.7201| 99.7182| 0.0798| 0.0053
9 0.8660| 0.9890 | 90.3478| 99.3457] 0.1392| 0.0110
10 | 0.8446( 0.9984 ( 90.8119| 99.9116| 0.2510| 0.0016
11 | 0.5982] 0.9847 [ 74.2940| 98.8995] 0.3823| 0.0153
12 ] 0.6391] 0.9738 | 78.3495| 98.0860| 0.3341| 0.0262
Av | 0.7546 0.9863 81.3855 | 98.9342 | 0.2625 | 0.0138
g.

measure and MSBn applying AHT and Fuzzy based
HT techniquesn Farview images.

IMG. ACCURACY F-MEASURE MSE
ANT Fuzzy ANT Fuzzy ANT Fuzzy Table 15 Performance gvaluatusn of Accuracy F
basedHT based based HT measure and MS&n applyingAHT and Fuzzy based HT
HT echniqgueon Curved lanémages.
1 0.4259| 0.9881 | 62.8741| 99.4013 | 0.5310| 0.0119[ ACCURACY F-MEASURE NISE
G.
2 0.5891| 0.9790 | 71.4368| 98.9357 | 0.3935| 0.0210 AHT | Fuzzy | AHT Fuzzy | AHT | Fuzzy
based based based
3 0.9173| 0.9843 | 93.7638| 99.1657 | 0.0779| 0.0157 HT HT HT
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1 0.1979| 0.9980| 12.7569( 97.9009| 0.9406 | 0.0020
2 0.9167| 0.9789| 94.3715( 98.2197| 0.0981| 0.0211
3 0.8892| 0.9843| 93.6473( 99.1657| 0.0982| 0.0157
4 0.1379] 0.8718| 24.8413| 90.7637| 0.87/96| 0.1282
5 0.8856 | 0.9777] 92.9309( 98.8013| 2.9645| 0.0223
Avg. | 0.6054 | 0.9621 | 63.7095 [ 96.9702 | 0.9962 | 0.0378

From subjective analysis and performance
measures, it is observed that Fuzzy babHd
technigue gives moreaccurate lane detection
results than AHT technique.

5. CONCLUSION

The lane detection techniqgue is an essence of
Inteligent Transportation Systemdt has been
found that the value used to segment the image
in lane detection algorithns taken as static. To
overcome this limitation, we have introduced a
modified Hough approach that uses different
adaptive segmentation techniqudke Otsu,
Fuzzy and Kmeans clustering to enhance the
segmentation results which in turn results in
better lane detectioriThe proposed tenlgue is
implemented on a databasenadre than 25oad
images that is further divided into three image
sets based on images captured by the camera
from Farview, nearview and curved From
gualty measures, it has been analyzed that the
value obtained by Fuzzy based HT technique is
more efficient thanHT and AHT techniques
Fuzzy based blgh Transform technique yields
more accurate results for Faew, Nearview
and Curved Iimages than other techniques.
Therefore, the proposed technique is capable to
detect straight as well as curved lanes. In the
future, we will further enhance the results of this
technique using fiters in order to remove the
noise from the road image.
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