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ABSTRACT

Road accidents cause tremendous loss of lives and properties. Each year it has been reported
about many deaths concerning road accidents and injured victims. There could be more
accidents and losses, which are not reported officially. Many research in the past showed the
causes of road accidents. One of the important cause, which has been reported is lane
changing. For this reason, the project concerning reduction in road accident rate caused by
lane changing is proposed. This project is to create a warning system application for drivers
when they unintentionally change driving lane. The proposed application will be developed

on i0S platform.

The proposed application obtains series of images from video taken by the iPhone’s
camera. These images will be processed by appropriate image processing techniques, for
examples, converting RGB images to grey-scale images, noise reduction using 2D filter, edge
detection, and Hough transform for lane detection. The system will determine whether the car
is in lane changing status or not. If the car is indeed in lane changing status, the driver will be
warned by the system in the form of sound and/or messages. The application will be
implemented on iPhone, which will be installed on the windshield of the car with the camera

facing to the road.

By implementing this application, the system should be able to help the drivers in
avoiding accidents from lane changing. The system works well in the clear lane markers roads
without any casted shadows in the scene. It is assumed that the car is driven on a clear

weather. In the future, the system should be able to perform in another scenario as well.
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Chapter 1

Introduction

A project concerning reduction in road accident rate caused by lane changing is proposed.
This project aims to develop a warning system application called Lane Departure Warning
System (LDWS) for drivers in case of unintentional changing driving lane. This system is iOS
based application developed on iPhone. The system itself contains two main parts, i.e. lane
detection and tracking, and driver warning. It shall recognize the car whether it is changing

lane or not. If the car changes lane, driver will be warned by the system.

1.1 Problem Descriptions

According to the studying of road accidents causes. It has been found that one of the
main causes is lane changing. The following graph shown in Figure 1.1 supports this claim.
This graph is reported by Thailand Accident Research Center (TARC) in 2006. It classifies
the causes of accidents and gives a motivation to develop a system in an attempt to reduce this

category of accidents.
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Figure 1.1 Causes of accident



1.2 Objectives

The purpose of this project is to develop a system in order to reduce the accident rate caused

by lane changing. The following objectives shall be satisfied.
1. Deliver an LDWS application based on iOS platform.

2. Effectively use the sensors of the smart phone for developing corresponding

applications

3. Gain knowledge and understanding in the area of image processing and smart

phone applications development

1.3 Scope of Work
The proposed “Lane Departure Warning System™ (LDWS) is planned to be developed on i0OS

platform.

The device use for development is iPhone. The application starts by obtaining a series
of images from videos taken by iPhone’s camera. These images will then be processed by
appropriate image processing techniques including color space conversion, image
segmentation, thresholding, edge detection, and Hough transform. After that, the current
driving lane should be detected. The system shall warn a driver when a car tends to leave its
current lane using sounds and/or messages. The iOS device shall be installed on the
windshield of the car with the camera facing to the road. The system shall work well in case
of the clear lane markers roads without any casted shadows in the scene. The system assumes
that the car is driven on a clear weather. Once the lane changing is detected, the system shall
warn the driver early enough for him/her to take the car back to normal driving condition. The
development process of this system uses many tools such as Xcode, OpenCV  and

AVFoundation libraries.

1.4 The Proposed System

The proposed LDWS system is developed as an application on Apple devices licensed by
Apple Inc. for example iPod, iPad, and iPhone. It needs to have iOS operating system which
is a mobile device operating system developed by Apple Inc., of version 6.0 or higher
installed on it in order to work well with the developed LDWS application as shown in F igure

172:



Figure 1.2 An iPhone5 with iOS 6.0 and an LDWS application

Since this application operates on road images, its installation location is of
importance. For high accuracy purpose, the device should be installed at the middle of the
car’s windshield as shown in Figure 1.3 with landscape left orientation (back device’s camera

is at the right hand side of the user). Device’s camera should not be obstructed by any objects

and a driving vision should be clear.

Figure 1.3 Install an iPhone on the middle of car’s windshield

Once the LDWS application has been launched and the system is loaded successfully,
the device screen should show driving lane as illustrated in Figure 1.4. At this stage, the
device might require some user setup. It should specifically be installed such that the device's

orientation is horizontal and the middle of its screen is at the center of the lane.



Figure 1.4 After LDWS application successfully launched. The driver’s view should display on screen

The system will start to detect the lane. It will draw a current lane area after the lane

markers are identified. This is shown in Figure 1.5.

Figure 1.5 LDWS application start detects and draw the current lane

In case of lane changing, the system shall warn the driver such that he/she has enough
time to take action. The system can warn by sound, message, and sound or message as shown
in Figure 1.6. The user is able to set warning text, sound level and some options warning

approval.
Beep Beep

Beep!!!

Figure 1.6 Warning systems when the lane changing is detected by showing message and/or sound

1.5 Methodology

This thesis focuses on Lane Departure Warning System (LDWS) development. The
aforementioned system can be divided into two subsystems. The first subsystem is lane
detection and tracking system. In this stage, lanes are identified and tracked by using image

processing techniques and Hough transform. The detected lanes are then selected by selecting



algorithm. The second subsystem is driver warning. The driver shall be warned with enough

time for correction when the vehicle departs from a current lane.

To achieve the design goal, the development of this project is divided into four steps;
(1) gathering all of requirements, (2) analysis and design the system, (3) implementation, and

(4) system testing.

First step is to gathering all of requirements including functional requirements and
non-functional requirements of the system by ask for user need, collect and distinguish.
Second step is analysis and designs the system. The system analysis and design are included
some of system artifacts i.e. use case diagram, class diagram, and package diagram. Use case
diagram shows functions that user can use on the system and functions that the system
provided for the user. Class diagram and package diagram show structure of the system. Next
step is implementation. In this step, the system is implemented according to system design.
The system implementation should satisfy all requirements. Finally, the system applied for
performance testing. This last step is tests and records results for system performance

analysis.

1.6 Structure of the Thesis

This thesis is divided into five chapters; Chapterl introduces background and problems
description. It also shows the objectives, scope of work, the purposed system and

methodology.

The following chapter is literature review. This chapter summarizes related works
from other researchers, which will be used as basic knowledge in system development of the
proposed project. Chapter 3 shows the system development platform, software tools and
libraries being used. It also discuss about digital image processing techniques, lane tracking
and warning techniques. The project management, system development, system testing
results, and result analysis and evaluation will be shown in Chapter 4. Finally, discussion of

the work and conclusion will be provided in Chapter 5.



Chapter 2

Related Work

2.1 Review of Related Work

This topic is shown related work of this proposed project i.e. SmartLDWS, Lane Detection on
the iPhone, Driver Adaptive Warning Systems, and Lane change or “Side™ Crash avoidance

Systems (SCAS).

2.1.1 SmartLDWS

M. Lan, M. Rofouei, S. Soatto and M. Sarrafzadeh from Department of Computer Science
University of California developed a system called “LDWS” [1] to use on a smartphone. An
application can detect lanes and warn the driver in case the vehicle is changing lane. The
system works by first getting a video from smartphone camera and then obtaining an image
from video image buffer. The information in the obtained image is then extracted and
processed further. The usage of their image processing technique includes color space
conversion, image segmentation, thresholding, edge detection, and Hough transform. The
analysis results are then fed to warn the driver. The system can detect sound of the driver and
track vehicle velocity via GPS. The aforementioned system was developed on Android
platform, and image processing routines part was written in C/C++. This system was
developed and run on a T-Mobile G1 phone as shown in Figure 2.1. Their accuracy result is
more than 80% on average in several conditions, for examples, night and clear, day and
cloudy. Some lane detection results of this work are shown in Figure 2.2 and 2.3 Furthermore,
in some conditions such as night and clear, the accuracy is almost 100% in real environments

for more than 7 hours.



Figure 2.1 SmartLDWS system running on a T-Mobile G1 phone mounted to the windshield of a vehicle

Figure 2.2 SmartLDWS system running on Highway ramp and Highway light traffic

Figure 2.3 SmartLDWS system running on Highway patch work and tunnel high curvature

2.1.2 Lane Detection on iPhone

F. Ren, J. Huang, M. Terauchi, R. Jiang, and R. Klette developed a system called “Lane
Detection on the iPhone™ [2]. They implemented the application on an iPhone (see Figure 2.4)
with restricted resources while given a fairly robust detection result. The system can detect
traffic lane by installing the device at the middle of car’s console. The operation of this
application can be separated into two main parts; image processing and line detection. For the
image processing part, the system captures the images from video frame and smoothing them

to reduce noise. After that, edge detection is applied to obtain a binary edge map. The second
7



part is concerning line detection after the processed image is segmented into the area of
interest (AOI), the Hough transformation is then applied to detected lines. Then hypotheses
testing module has been implemented for these candidate lines using multiple cues such as
AQI, lane width, vanishing point etc. The proposed lane detection results show that the
system can operate faster and use less memory compared to other lane detection method
developed in the same class of device. Furthermore, it is claimed to have accuracy more than

90% in condition of clear straight lane borders. This is illustrated in Figure 2.5.

Figure 2.4 Installation of iPhone on an ordinary
car

Figure 2.5 Final lane detection result

2.1.3 Driver Adaptive Warning Systems

Parag H. Batavia from The Robotics Institute Carnegie Mellon University Pittsburgh,
Pennsylvania developed a system call “Driver Adaptive Warning Systems™ [3] his objective
is the project’s to develop a road departure warning system that learns individual driver
behavior and uses this knowledge to reduce false alarms and increase warning time. Based on
the objective, he developed an adaptive lane departure and curve negotiation warning system.
This system should learn individual traits of the driver -- both stationary and changing, and
use this information to improve warning time and reduce false alarms. This Driver Adaptive

Warning Systems was included many modules; data collection, Navtech map evaluation,



Curve behavior analysis and modeling development, Lateral control model selection,
evaluation on CMRI truck driver data, Accounting for surrounding vehicles and Final user
study. He used the Rapidly Adaptive Lateral Position Handler (RALPH) on Navlab 8 the late
work to evaluate with his Driver Adaptive Warning Systems. Rapidly Adaptive Lateral
Position Handler was a combination of a lane tracker (RALPH), lane departure warning
system (RALPHWS), obstacle map generator (OPIE), and vehicle controller (PILOT). And
Navlab 8 was a test vehicle, an Oldsmobile silhouette mini-van including a lot of sensors such
as CCD camera, Delco radar, Laser sensor, and blind spot sensor as shown in F igure 2.6. The
corresponding sensor descriptions were shown in Table 2.1. Evaluation between Rapidly
Adaptive Lateral Position Handler and Driver Adaptive Warning Systems were based on
system quantitative analysis and system qualitative analysis. The result showed that Driver
Adaptive Lane Departure Warning system was better than Rapidly Adaptive Lateral Position

Handler on the road.

A
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Figure 2.6 Depiction of Navlab 8 Sensor Coverage. The center vehicle is Navlab 8. Vehicles A, B, and C are
sensed, vehicle D is in a blind spot

Table 2.1 Sensor Description

Sensor Range Field of View Resolution
Delco Radar 120m 12 degrees 1m/range. 2
degrees
Laser 120m 20 degrees 1cm.
Blind Spot 3m ~70 degrees Binary only
Sensor




2.1.4 Lane Change or “Side” Crash Avoidance Systems (SCAS)

S. Hetrick from the faculty of the Virginia Polytechnic Institute and State University
developed a system called “Side™ Crash Avoidance Systems (SCAS) [4]. The main idea of
SCAS was the system should warn the driver when two conditions were met: (1) positive
indication of lane change intent and (2) positive detection of a proximal vehicle in the
adjacent lane of concern. He archived these by examining driver lane change behavior and
cvaluatingf the potential effectiveness of five warning onset rules for lane change or “side”
crash avoidance system (SCAS) technologies. Five warning onset rules for SCAS were
evaluated: (1) turn-signal onset (TSO), (2) minimum separation (MS), (3) line crossing (LC),
(4) time-to-line crossing (TLC), and (5) tolerance limit (TL). The effectiveness of each rule
was measured by the maximum response time available to avoid a crash for a particular lane
change crash scenario, and by the crash outcome, crashed or crash avoided, of a particular
lane change crash scenario. The results provided an understanding of the lane change crash

problem and identify potential countermeasures.

10



Chapter 3

Background Knowledge

This chapter describes in details the background knowledge of the proposed project including,
designing the concerned diagrams, the tools, and image processing techniques used in this
project. The aim of this chapter is to give the necessary background knowledge in order to
identify the driving lanes. The Chapter is divided into three parts, the first part discuss about
the Unified Modeling Language Diagrams. This section gives background knowledge about
various type of diagram use in this project. The second part mentions about the chosen
developed platform as well as corresponding tools and software use for development. The last

part focuses on the image processing techniques and the algorithms concerning lane detection.

3.1 Unified Modeling Language Diagrams
A Unified Modeling Language (UML) is a standard graphical notation defined by Object
Management Group (OMG). It is used for designing system model. It consists of many model

elements and details as follows.

3.1.1 Use Case Diagram

In UML, use case diagram is used to show all the operation of user and user’s relationship
with subsystem. In a large system, user is defined as an actor while a subsystem is defined as
a use case. The use case diagram can be thought of as user requirements extraction. It uses a
human symbol for the actor and oval for use case. The relationship between actor and use

case is represented by a line.

3.1.2 Class Diagram

A class diagram is a diagram used to illustrate the classes and the relationship between them.
Each relationship in this diagram is a static relationship which means is a normal relationship
for the system. In each class, the presented information included class name, attribute, and

operation.

3.1.3 Package Diagram
In the UML, a package diagram is used to show the collections of classes and components as
well as related item. In general, the package diagram used to group a use case diagram and

class diagram of the entire model into more compact relation form.
11



3.2 Development Platform, Tools and Software Libraries

The proposed system aims to be developed on a mobile device, a smartphone in particularly.
Smartphone in the market come with various platforms for examples, iOS, Android, Bada,
Blackberry, Windows Phone, and etc. Some of them are more popular among the users such
as 10S, and Android. Since iOS is one of the popular smartphone. The proposed project will
be developed based on this platform. In order to develop the proposed system, several tools
and software libraries are used. The tool involved in project development is Xcode. The
system is used AVFoundation as a media library to show driver vision view and used
OpenCYV as an image processing library to process an image. The details of i0S platform, tool

and software libraries are given in the following sections.

3.2.1i0S Platform
10S platform is a mobile operating system developed and distributed by Apple Inc. This is the

popular platform that has been reconstituted in an optimized form for the mobile device with
the touch panel. The Software Development Kit (SDK) has been established in June 2008. It
is able to add applications freely in the App Store. The platform uses as an Objective-C

essential development language with Cocoa framework.

3.2.2 Xcode

Xcode is the integrated development environment (IDE) of Apple Inc. it is provided free with
Mac OS X. Xcode works with Interface Builder, a legacy of NeXT, a tool for creating
graphical user interfaces. Xcode includes Compiler Collection GNU (GCC) and can compile
C, C++, Objective-C, Objective-C, Java and AppleScript through a wide range of

programming models, including but not limited to Cocoa, Carbon and Java.

3.2.3 OpenCV
OpenCV is a software library originally developed by Intel. It released under a BSD license

that means it free for academic and commercial use. It supports for many platforms e.g.
Windows, Linux, Mac OS, iOS and Android. It contains many functions cover a wide range
of used in computer vision areas e.g. object recognition (facial recognition), camera
calibration, stereo vision and robot vision. In this project, it used as an image processing

programing library. It used to process an image for lane detection and tracking lane.

3.2.4 AVFoundation
AVFoundation framework is a software library presented on iOS. It enables the system (in
this system an iOS device) reproduce and create real time multimedia. It also provides an

Objective-C interface that allows the system to manipulate multimedia files. In this project, it
12



used as software library for get a video stream buffer from iPhone’s camera and capturing an

image.

3.3 Image Processing

The proposed project detects and tracks a driving lane and warns a driver based on the picture
extracted from video. For this reason, there are many image processing techniques involved in

this project. The following section describes them in details.

3.3.1 Image Conversion

The image to be processed in this project is the gray-scaled image. However, the obtained
input image is usually an RGB image. Thus the image conversion fom RGB to greyscaled
image is required. The intensity value of the resulted image ranges from 0 to 255. The
following equation shows the conversion from RGB to intensity value in the grey-scale

image,

Intensity = 0.2989 xR + 0.5870 % G + 0.1140 * B (3.6)

3.3.2 Gaussian Blur

A Gaussian blur or Gaussian smoothing is the result of blurring an image by a Gaussian
function. It is a widely used effect in graphics software, typically to reduce image noise.
However, the image’s detail will be reduced as well. The equation of a Gaussian function is

DY 2+ (3.7)

e 20?2
2mo?

Glx,y) =

3.3.3 Edge Detection

Edge detection is a fundamental tool in image processing and computer vision, particularly in
the areas of feature detection and feature extraction. If has been used for identifying points in
a digital image at which the image brightness changes sharply or, more formally, has

discontinuities.

There are many edge detectors available, however this proposed project uses the
Sobel edge detector. The Sobel edge detector has some smoothing effect to the random noise
of the image resulting in thick and bright edges. It is based on convolving the image with a
small, separable, and integer valued filter in horizontal and vertical direction. Therefore, it is

relatively inexpensive in terms of computations.

13



Mathematically, the detector approximates two derivatives - one for horizontal
changes, and one for vertical. For the source image, and Gy and Gy, are two matrices, which at

each point contain the horizontal and vertical derivative approximations.

At each point in the image, the resulting gradient approximations can be combined to

give the gradient magnitude, as in the following:

/ 3.8
G= [GE+G> o

And the gradient's direction:

0 = atan (g—i) (3.9)

The resulted image will be a binary image with the edge feature

3.3.4 Image Morphology

Morphological image processing is a collection of non-linear operations related to the shape
or morphology of features in an image. It has two main fundamental operations are erosion
and dilation. For erosion, holes and gaps between different regions become larger, and small
details are eliminated. For dilation, holes enclosed by a single region and gaps between
different regions become smaller, and small intrusions into boundaries of a region are filled.
In this project, opening morphology methods is used. It is dilation of the erosion morphology
technique. The opening method should remove small objects from the foreground of an image
and placing them in the background. This technique can be used to find shapes in an image
and also used to find things into which a specific structuring element can fit such as edges,

and corners.

In mathematical morphology opening is the dilation of the erosion of a set A by a

structuring element B:
AoB=(AS B)®B (3.10)

Where © and € denote erosion and dilation, respectively.

3.3.5 Hough Transform

Hough transform is a feature extraction technique used in image analysis, computer vision,
and digital image processing. It is concerned with the identification of lines in the image. The
purpose of this 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
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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.

Hough transform is an alternative form of representation of a line, which is defined as

follows,
p=xcos@ +y sinf (3.11)

Where p is referred to the distance from the origin, x and y are the distance in x and
y direction and 6 is an angle measured from x-axis to the line perpendicular to the line
passing through the concerned point. Note that there are infinitely many lines that can pass
through a point in the x plane. Each line possesses value of p and 6. Once plotting these
values in p@ plane, it can be seen that this results in a sinusoidal curve. Thus, a point in the xy

plane becomes a corresponding sinusoidal curve in p8 plane.

It has been known that there is a single straight line, which passes through two points
in the xy plane. The graph is shows that this line has unique parameters p and 6 (see Figure
3.1). Thus, the line that passes through two points in the xy plane will be represented by an
interception point of the two sinusoidal in p8 plane. This characteristic of Hough transform is

used extensively to find the lines in the image.

V& sl . e el

X o 03 38 2 25 0
Figure 3.1 Hough transform concept

Since the line is actually a collection of points. Thus by counting a number of points
for each parameter p and 6, it can be seen that the higher score for particular values of p
and 6, the more possibility the lines will be detected. Note that the standard Hough transform
will detect the lines which have an infinite length. In order to have the lines with finite length,

additional algorithms will be required.

Since a lane is composed of two lines. It is likely that the two highest score of the

parameters p and 6 formed the detected lane.

15



Chapter 4

System Overview and Development

This Chapter discuss about the proposed system overview and the step for system

development. It also includes project management, and experiment set up and results as well.

4.1 System Requirement

System requirement is a requirement specification for a software system. For this proposed
project, system requirements are divided into two groups i.e. functional requirements and

non-functional requirements

4.1.1 Functional Requirements

Functional requirement is a main requirement or role that the system should have. In this

project the functional requirement are agreed to be as follows:

1. A program supports iOS 6.0 or higher

2. A program can identify the current driving lane

3. A program can identify lane markers by drawing virtual lines over the current
driving lane

4. A program can detect whether there is a lane changing or not

5. A program can warn with sound and/or message when there is a lane changing

6. Driver can set the warning function to message, sound, or message and sound, and
also adjust the sound level and message style

7. When drive changes the lane, a new virtual line will appear as a new lane and the

old line will disappear

4.1.2 Non-function Requirements
Non-functional requirement is other requirements that are not the main requirements or roles
of the system but the system should have them for security, reliably, responding time or

support I/O. In this project the non-functional requirements are agreed to be as follow:



§ & 1 g ]
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1. A program detects traffic lane accurately and reliably

2. A program warns accurately and reliably

3. A program has a friendly user interface

4.2 System Analysis and Design

System analysis and design is a process to create specifications of a software artifact. System
analysis is a process of collecting data, understand the processes, identifying problems and
recommending feasible suggestions for create the system functioning. Systems design is the
process of defining the components, modules, interfaces, and data in the system to satisfy
specified requirements. The system analysis and design for this project result in the following
software model. This software model includes use case diagram, class diagram and package

diagram of LDWS system. All of these diagrams are discussed in details in the following

sections.

4.2.1 Use Case Diagram

System

(4D

| ==how an augmented driving view

Provide notification setting

LT
’fﬂ\ <<extend>> -~
e € 2

Show Identified | <<extenc13jg;f1_ king L
ow |dentified lane racking Lane
/'/

o

@»

Warn user

Figure 4.1 Use cases diagram for LDWS
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The use cases diagram had shown in Figure 4.1 shows relationship between the user (so

called “Actor”) and the systems features (so called “Use case™).

Actor is the user who has interaction with the system while use case is the function or
feature that the actor can use or the function that system has provide for the actor. From the
above figure, this system has only one user (driver). A user can see an augment driving view,
set notification, see a current lane by lane identifier, and get warning when a car tend to
changing lane. The system provides all of these features to a user. From the system side, it
can track lanes in order to identify a current lane and warn user. Table 4.1 shows actor name
and actor description. Use case description, actor of use case, flow of events of use case, and

user interface of use cases are show in Table 4.2.

Table 4.1 Actor in LDWS system use case diagram.

Actor 52
N

/ N

User

Description User is an actor, who can see an augmented drive view

and set notify setting
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4.2.2 Class and Package Diagram

I 2

Detector

LDWSController
&psound
&massage
GpimageF romBuff...
SpdeviceSpeed

—~- &sdeviceHeading
‘—————_—f_;—
| T

*Processimage()
$LaneDeparture()
*WarningDriver()
*UpdateLocation...
*UpdateHeading..

*ldentifiedROI
OptionSettingView \—M
)

Lane

&laneColor
&laneWidth

*UpDatel anePositir.

Notifier |

P A Massage |
- GpuseText
&useVoice Estoxt
&soundVolumn
*SefT
*SetVoiceVolume() ~G§|TZ§§8
*GetVoiceVolume() L.

Figure 4.2 LDWS system class diagram

Inierface Detection
N

Notification

Figure 4.3 LDWS system Package diagram

The class diagram illustrates the system structure and relationship between classes in the

systems. It has two main properties i.e. attribute and operation. Attribute in each class is

component of class. Operation in each class is defines as function that the class can perform.

The structure of class diagram for LDWS system is show in Figure 4.2. The classes in LDWS
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system are grouped into three main grouped; i.e. Interface, Detector and Notificator. Each

Group of classes is called “Package™.

The first package is Interface package. It has four classes in this package: i.e. Lane,
LaneldentifierView, CameraView and OptionSettingView. Lane class is store lane properties
and has aggregation relationship with LaneldentifierView class. LaneldentifierView class is
use to update and display lane identifier on augmented view. It has association relation with
LDWSController class and be aggregate by Lane class. So CameraView and
OptionSettingView class are a system interface class. For Detector package, it has only one
class in this package is LDW SController class. This class is a system control class. It used to
processing images, detecting and tracking lanes and waring a driver. It has association
relation with LaneldentifierView and CameraView class. The last package is Notificator
package. It has three classes in this package; i.e. Notifier, Sound and Message class. Notifier
class is an abstract class (class that declared abstract and can be subclassed). It has two
subclasses are Sound and Message class. Sound class is a subclass of Notifier class. It used to
store warning sound volume and warning sound approval, and changing sound volume. For
the last class, Message class is a subclass of Notifier class. It used to store warning text
message and waring text approval and changing waming text. The details of each class are

shown in Table 4.3-4.5.

Table 4.3 Details of classes in Interface Package

‘ raVi } tionSettingView i3 LaneldentifierView
fame aView ‘ | OptionSettingVie e
= ] \ SeleneWidth anei 5
*UpDatelanePositir...

Class CameraView OptionSettingView Lane LaneldentifierView

Name

Attribute e laneColor: store lane e lane: store lane and its

color. property.
e laneWidth: store
width of lane marker.

Operation e UpDateLanePosition():
update lane position and
display on augment
view.
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Table 4.4 Details of class in Detector Package

Class

LDWSController

Ssound
S massage

SpimageFromBuff...

&deviceSpeed
SpdeviceHeading

*Processimage()
* aneDeparture()
*WarningDriver()
*UpdateLocatior...
*UpdateHeading...
*IdentifiedROI()

Class Name

LDWSController

Attribute

e deviceSpeed: store device speed.

o deviceHeading: store device’s direction.

® message: store text and text display approval.
e sound: store sound volume and sounding approval.

¢ imageFromBuffer: get an image from stream video.

Operation

algorithms.

tracking function.

e WarningDriver(): apply waming

¢ UpdateLocation(): update device’s location and speed.
e UpdateHeading(): update device’s direction.

e IdentifiedROI(): identify ROI from input image.

¢ Processlmage(): pre-image processing as grey-scale, filtering, edge detection, thresholding, and lane

¢ LaneDeparture(): tracking the lane via Hough transform algorithm in combination with lane selecting

Table 4.5 Details of classes

in Notificator Package

Class Notifier %evii"c“e"ﬂ Massage
— QUSSTGXt |
ARSI | &soundV olumn P [
*SetVoiceVolume()
“GetVoiceVolume() ‘SetText()
*GetText()
Class Name Notifier Sound Message
Attribute e useVoice: store sounding approval. e useText: store message display approval.
e soundVolume: store sound volume e text: store text for message displaying.
level.
Operation e SetVoiceVolume(): set sound e SetText(): This method used to store text.

volume level.

e GetVoiceVolume(): get sound

volume level.

GetText(): This method used to get text.
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4.3 Process Development

System development started after system analysis and design was done. The system in this
project is divided into two sub systems; i.e. lane detection and tracking system and driver
warning system. The task of this process development is divided into three main tasks; (1)

initialization, (2) lane detection and tracking system, and (3) driver warning systems.

Initialization discusses about hardware and software preparation prior to process
development. In the stage of lane detection and tracking, the system shows the method to
gathering image from device’s camera, image pre-processing, and lane tracking using Hough
transform. Finally, the driver warning system was discusses all of warning techniques. Figure
4.4 illustrates the flow of activities in process development. The following sections discuss

each task in details.

Lane detection

, Driver warning
using Hough

system

Get image from Image pre-processing
video frame

transform

Figure 4.4 Flow of activities in development

4.3.1 Initialization

Generally, mobile devices need some initialization before developing any application on
them. This also applied to iPhone, a mobile device chosen for this project. At first, developer
needs to have an Apple ID and be a member of Apple Developer. Furthermore, Mac OSX
should be updated to version 10.8 (Mountain Lion) to support an Xcode installation.
Certificates and provisioning profile are also needed to download and installed on developing
device in this project iMac was a developing device. In order to test the development
application, the testing device is needed to be registered before used for test. Note that, every

time when a new testing device was registered. Provisioning profiles should be updated.

4.3.2 Lane Detection and Tracking System

After the initialization has been performed on both developing and testing device an
application can now be developed. At this stage the application will be developed. Xcode is

the tool used for this purposed. The developed application includes AVFoundation Library for
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load, set, and show a video from video stream buffer. Video stream buffer is a set of images
received by device’s camera. Then, the proposed Implementation method captures and

processes images in real time.

After an image is obtained, it will be scaled into 4:3 ratios and resized into 120 x 90
pixels. This resizing is done for the purpose of reduction in processor resource usage. Next,
the pre-processing image is performed. It starts with region of interest (ROI) identification
and is followed by image conversion, image filtering, edge detection and morphology. Hough
transform with lane tracking algorithm is the last step for lane detection and tracking system.

This last operation is responsible for detecting lines in the image.

4.3.2.1 Image Pre-Processing

Figure 4.5 an image from video stream buffer

A captured image obtained from the device is the driver’s view image including many objects
which does not concern in lane detection and tracking for example the area of the sky in the
image. This is shown in the upper part of figure 4.4. Setting up the ROI should discard those
irrelevant areas and focus only on the area of interest, e.g. the road area. This would make the

computational more effective than using the original image.

In this project, ROI are specifying by finding a vanishing point. Since input image obtained
from the video stream is a perspective image. Thus every line in this image should intersect at

one point so called “vanishing point”.
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Figure 4.6 Lane tracking

In order to find a vanishing point, two lane lines will be tracked for the first time.

Then, the intersection point of these two lines as shown in Figure 4.5 should be found.

Figure 4.7 an intersection point from lane line

By using this approach, strait line equation of both lane lines are needed. If their

intersection point is found, the ROI can be identified.

For example, an equation of the strait line parsing though point can be express as

y=—y1=m{x—x) 4.1)

Thus, the two equations of both lanes can be express as

Y=y = mx—x) (4.2)
And
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y—y3 = my(x —x3) 4.2)

Where m, is the slope of the left lane and m, is the slope the right lane. m,; and m, can be

specified as

o =02 4.4)
X1 — X

= V8.7 2 4.5)
X3 — X2

The vanishing point of this two lane is (x4’ y4) as shown in Figure 4.11 y, can be found
as

Ya = (M) (=g X It (m) (y3 — myx3) (4.6)

Figure 4.8 Crop image start from y of vanishing point

After y value of an intersection have got, the height of an image was crop from

bottom until y but the width of an image is the same as an original image This is shown in

Figure 4.9

Figure 4.9 Result image
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After ROl identification is defined the image (RGB) should be converted into a grey-
scaled image (Figure 4.10). The intensity value of the resulted image ranges from 0 to 255.

And the dimension of this imaged is reduced to 2

Figure 4.10 Image Conversion

After an input image is converted to a grey-scaled image, image filtering is applied.
The Gaussian smoothing filter was selected for this project. This filter is used in order to filter
out the noise from the original image. The resulted image will have lower noise (blur image)

as shown in the Figure 4.11.

Figure 4.11 Image Filtering

At this stage, edge detection is applied. There are many edge detector proposed in the
literature. However, Sobel edge detector has been chosen to use in this project. It is used to

identify border of an object in the image. The results image is shown in the Figure 4.12.

Figure 4.12 Edge Detection

Although, the edges in an image are founds. There are still some irrelevant edges
included. Image morphology an Opening in particular is applies to the system. In order of fill

small white areas in the image. The results image is shown in the Figure 4.13.
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Figure 4.13 Image Morphology

Since, the geometry of the lane on the road is actually a line. Thus, the algorithm that
can detect lines should be used for lane detection. For this reason, the Hough transform
method is chosen and applied for lane detection. As it can be seen from Figure 4.14, at the

end of this stage the lane can be detected.

Figure 4.14 Lane Detection

4.3.2 Driver Warning System

The warning system is another subsystem of LDWS. The purpose of this subsystem is to warn
the driver as the vehicle to deviate from the current lane. There are two main features used to
warn the driver, i.e. sound and message. The combination of both features is also possible.
Several warning techniques have been implemented in this project. The following section

illustrates the details.

Figure 4.15 Warning systems
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4.6.2.1 Warning by Zone

Since the lane is modeled straight lines, they possess two parameters, i.e. slope and
interception point. These two parameters will be used in driver warning algorithm. Figure
4.16 illustrates the concerned parameter for warning system. The center line of the image
indicates the current position of the vehicle while the line at the lower edge of the image is
divided into two different zones, i.e. warning zone and critical zone. These zones will be used

for a driver warning algorithm

T
Current driving lane ]
i ] Center line
g ' -
\\ /
\\II:
g/
]
L]
]
H
d, :
__,,_‘._; dg = lLfZ
RO R AN PR R PR
AgEOER J- iy S i gy PR

— &L

Warning zone Critical zone

Figure 4.16 View of normal driving condition and corresponding parameters

In general, driving condition is classified into three cases
1. Normal driving condition
2. Warning driving condition
3. Critical driving condition

In the normal driving condition (see Figure 4.16) the interception point of the left
(right) lane and the line at the lower edge of the image has a distance (d;, + dp) measured

from the center line satisfies the following condition:
d,> d, + d, (4.7)

da=idrd (4.8)
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Figure 4.17 View of warning driving condition
In case of normal driving condition, no warning features should be activated. In case
the interception point falls into the yellow area, this is classified as a warning driving
condition and the yellow area is called the warning zone. It is define to be the zone such that

the distance measured from the center line d,, satisfies the following condition:

&< gy NI (4.9)

.———--—-—/-—--u

B .

,.-_-r
i K

Figure 4.18 View of critical driving condition
In this case the algorithm should warn the driver as he/she tends to leave the current
lane. For the last case, the interception point falls into the red area, this is classified as critical

driving condition and the red area is called the critical zone.

In the similar manner, the critical zone is defined to be the zone such that the distance

measured from the centerline d. satisfies the following condition:
O=d-= d (4.10)

The algorithm should warn the driver as he/she tend to leave the current lane.
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4.3.2.2 Warning by Swipe

Since the lane is modeled as two straight lines one can find the angle (0) between these lines
and the horizontal line. This angle can be used for warning algorithm as well. Figure 4.19
illustrates the view of normal driving condition and corresponding parameters. 8, and 0y are

the angles corresponding to left lane and right lane respectively.

0 0

Figure 4.19 View of normal driving condition

Assume that the vehicle tend to depart the right hand side. As the vehicle continues to
departure the value of 0, will decrease and the value of 6 will increase as shown in Figure

4.20.

Figure 4.20 View of changing lane condition

At the instance, the system is able to detect a new right lane. The value of 05 will

drastically decrease (swipe out) as show in the Figure 4.21
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Figure 4.21 View of changing lane condition

Then, the past right lane becomes a new left lane. The value of 8, will drastically

increase (swipe in) as show in Figure 4.22.

0 0

Figure 4.22 View of normal driving condition

As the rapid change of 6, or 6yis detected this will activate the driver warning
system. Thus the system should warn the driver in accordance of occurrence of swipe in or

swipe out.

4.4 Experimental Setup and Results

The graphical user interface (GUI) of the developed application is shown in Figure 4.23 and
4.24. The GUI consists of two main views i.e. augmented view and setting view. The
augmented view was included driving view, current lane identifier, speed meter, world
directions meter, horizontal phase shift, vertical phase shift, and setting button as shown in

Figure 4.23.
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Setting Button

Speed meter

World directions

Driving view

meter

Lane identifier

Vertical phase Horizontal phase

shift shift

Figure 4.23 Augmented view of the developed application

In the driving view, the image of road is displayed. It is the augmented with a lane
identifier as shown in Figure 4.23. Speed meter on the upper left corner and world directions
meter below shows a device speed in unit of kilometers per hour and device direction
compare with world directions marked on the screen. The horizontal phase shift and the
vertical phase shift are a user on installation the device in the proper position. Lastly, setting

button on the upper right corner is the button used to access the setting view on the system.

The second view of this application is called setting view. This view includes
message warning approval, text fields for text changings, sound warning approval, sound

volume slider and a push button labeled “done™. This is illustrated in Figure 4.13.

Message warning

Text change approval

text field o Lane Changing!!

Sound warning

Sound volume approval

slider

%

Done button f

Figure 4.24 Result system a setting view
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In this setting view, a user can set both message and sound warning options. He/she
can also change warning text on text field and set a sound warning volume. The user can go

back to the augmented view by pressed done button.

4.4.1 Experimental Setup

Before testing the system performance, tools and equipment are needed to be prepared.
Firstly, a video recording of real driving scenario shall be installed in a simulator (iMac).
Secondly, a test device (iPhone in this case) should be register and installed LDWS

application on it.

In order to test the system, the recorded video is played on iMac. The testing device is
installed in front of iMac to get a clear view of the road from the video. Note that, after
installation of the testing device, the image of the road should show up on the screen clear

enough as show in Figure 4.25 and Figure 4.26.

Figure 4.25 System experimentation

Figure 4.26 Testing device installations on virtual driving environment
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The LDWS application with various algorithms can now be tested using the record

video. The details of testing are discussed in the following section.

4.4.2 Experimented Results and Analysis

After setup and run the LDWS application, the results will be recorded. They are collected

base on three main following techniques.
1. Warning by swipe “swipe out”
2. Warning by swipe “swipe in”
3. Warning by zone

The performance of the tests are measureed as warning accuracy. This is done by

checking system alarm. The system warning can be categorized as the following Table.

Table 4.6 system warning cases

Should alarm Should not alarm
Alarm on v x
Alarm off x v

The case when the system should alarm and the alarm is on and the case when the
system should not alarm and the alarm is off are grouped together as a correct action. The

other two cases are classified as an incorrect action.

In order to analyze system performance, there are two sets of video recording. The
first set is checked and searched manually for the instances the driver should be warned and
the instances the driver should not be warned. For example, at the instances 0-10 s, the
vehicle tends to leave the lane so the driver should be warned. However at the time in stances
10-15 s, the vehicle stays in the current lane. In this case the alarm should be off. Similar

results are collected and put the table as illustrated on the Table 4.7 and 4.8.
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Table 4.7 Performance test of first recorded video

swipe out swipe in warning by zone
Time ~ Correct Incorrect | Correct | Incorrect | Correct | Incorrect

0.00-0.08 ° ° °
0.08-0.12 ° ° °
0.12-0.39 ° ° °

0.39-0.42 ° ° ®
0.42-0.50 ° o °
0.50-0.59 ° ° °

0.59-1.09 ] ® ®
1.09-1.13 ° )
1.13-1.14 ° ° ®
1.14-1.18 ® ®
1.18-1.25 ® ° o
1.25-1.27 ® g . ® °
1.27-1.28 ° o °
1.28-1.30 Ll ) ° °

1.30-1.31 ) ° °
1.31-1.35 ° o e °

1.35-1.41 <] ® o
- 1.41-1.56 ° ° : ®
1.56-1.59 ] ) ®
1.59-2.18 ° ° ®
2.18-2.25 ) ° ®
2.25-2.29 S - o )
2.29-2.31 ° ° °

: B NS L 6 195 1 4

65.21% 34.79% 73.91% 26.09% 82.6% 17.4%

Table 4.8 Performance test of second recorded video

swipe out swipe in warning by zone

Time Correct Incorrect | Correct Incorrect | Correct Incorrect
0.00-0.25 o ° °

0.25-0.29 () ) °

0.29-0.36 ° © °

0.36-0.38 ° : ° °

0.38-0.41 ° ° °

0.41-0.45 o ° o

0.45-0.48 ° ° °

0.48-0.50 ° ° )

0.50-0.55 ® ° °

0.55-1.43 ° ° o
1.43-1.47 ° ° °

1.47-2.05 ° ° : °
2.05-2.07 ° ° e
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swipe out swipe in warning by zone
Time Correct Incorrect Correct Incorrect Correct Incorrect
207-212 | o ) o '
2.12-2.13 ° ° o
2.13-2.16 ° ° (2
2.16-2.54 ) ® °
254257 | e e e 2
2.57-2.58 ° ) °
2.58-3.00 | ° ° .
3.00-3.11 ° ° °
R T T S le e 5 18 ey ':;3:
80.95% 19.05% 76.19% 13.71% 85.71% 14.29%

The system perfomance test has been set and theaccuracy of each warning algorithm

is analyzed. The results show that warning by area technique has highest accuracy and

following by swipe out technique and swipe in technique respectively. This can be seen more

clearly in Figure 4.27. Note that the system testing results are obtained from simulation test

with specific parameter values setting.
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Figure 4.27 Testing summary results

37




Chapter 5

Discussion and Conclusion

This Chapter provides discussion about the problem and future work. The conclusion of this

thesis is also summarized as well.

5.1 Discussion

There are many skills and knowledge included in project development; i.e. digital image
processing, application development on iOS platform, Objective-C programing language,

OpenCYV libraries and teamwork.

In addition, many problems had been during development process i.e. in the
beginning, the problem of capturing an image from video arises. This is because the result
image size is too large. Large size images affect the system such that they slow down the
system response. This problem is solved by acquiring image from video buffer directly. The
acquired images then have suitable size for processing. They can be process faster with higher

frame rate at 30 frames per second.

A Memory leak problem is found afterward. The code then is modified such that it
can handle memory leak problem. In particular, the memory is release manually. After lane
detection and tracking system implemented, the testing device (iPod touch 4" Gen) is too
slow to perform the tasks. For this reason, testing device is changed into iphone5. However,
the user interface of iPhone5 becomes a problem because iPhone3’s screen has different

aspect ratio. Hence, the user interface is needed some modifications.

Another problem has been according to founded. Because by default, the Xcode is set
to customize a user interface automatically when an application is initialize. The user
interface, drawing algorithm, and warning algorithm then needed some modifications to fix
this problem. Finally, the system testing with the real environment is shifted. This is because

of unsuitable weather. As a result, the system testing delayed.



The system testing results of the proposed warning techniques show that they work
well with high accuracy of lane detection and tracking, and driver warning. However, in the
scenario of imperfect lane or bad weather condition these proposed warning techniques might

fail.

At this stage, the current system uses only feature-based design. In the future the
LDWS should be designed in combination of both model-based and feature-based approach.
This would result in a system of higher accuracy. It has been found that the size of the road
lane affects the driver warning algorithms. Thus, the future system might consider facing a
lane size to be a parameter for driver waming for better warning results. In general, the
system should warn only unintentionally lane changing. Thus, in the future additional signal
such as turning sound or turning signal from the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>