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ABSTRACT 

 

 

This project describes the visual odometry for lane-changing detection in-vehicle 

localization. The main objective of this research is to analyze and detect whether a vehicle 

changes lanes on the road based on the visual odometry trajectory in the KITTI dataset. 

Nowadays, the Global Positioning System (GPS) applications are easy to use and most 

used in vehicle localization. In the GPS application, there is no stating that drivers change 

lanes on the roads. This affects the smooth transition and path planning for those using 

the in-vehicle navigation system. Therefore, this research analyses and determines 

whether vehicles have made lane changes based on the visual odometry even if a minor 

change occurs. This analysis has several methods to detect lane change. The visual 

odometry method used was the ORB SLAM, then from the visual odometry trajectory, 

the method of curve fitting is used to analyze any change or discrepancy in the trajectory 

path. The lane changes can be detected by using graph results. The evidence of the graph 

result shows that the lane changes occurred.  The results with different methods can detect 

a small change in straight or curved road lanes. The main advantage of this study is that 

it can detect the occurrence of lane changes on a straight road or a curve lane even if there 

is only a small change. 
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ABSTRAK 

 

 

Projek ini merupakan gambaran tentang odometri visual untuk pengesanan perubahan 

lorong di dalam penyetempatan kenderaan. Tujuan utama kajian ini adalah untuk 

menganalisis dan mengesan sama ada sesebuah kenderaan melakukan perubahan lorong 

di jalan raya berdasarkan trajektori odometri visual di dalam dataset KITTI. Pada zaman 

sekarang, aplikasi sistem penempatan global atau GPS telah banyak digunakan dalam 

penyenempatan kenderaan semasa pemanduan. Di dalam aplikasi GPS, tidak dinyatakan 

penukaran lorong berlaku. Ini boleh menjejaskan kelancaran untuk peralihan dan 

perancangan laluan bagi mereka yang menggunakan sistem navigasi dalam kenderaan. 

Oleh sebab itu, satu kajian untuk menganalisis dan menentukan samaada kenderaan ada 

melakukan perubahan lorong ketika di jalan raya walaupun hanya perubahan yang kecil. 

Analisis ini mempunyai beberapa kaedah untuk menentukan penyetempatan kenderaan 

samada di jalan yang lurus atau jalan yang mempunyai selekoh. Antara kaedah yang telah 

digunakan seperti ORB SLAM, kaedah anggaran, dan kaedah lengkungan. Penukaran 

lorong dapat di kesan dengan menggunakan keputusan graf. Keputusan graf yang 

menunjukkan perbezaan yang ketara membuktikan bahawa penukaran lorong telah 

berlaku. Hasil analisis mendapati dengan menggunakan kaedah anggaran seperti 

menggunakan kaedah pergerakkan dimana ianya dapat mengesan perubahan lorong 

kenderaan walaupun mempunyai perubahan yang kecil. Kebaikan utama untuk kajian ini 

adalah ianya dapat mengesan berlakunya perubahan lorong di jalan lurus mahupun di 

selekoh walaupun terdapat perubahan yang kecil sahaja. 
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CHAPTER 1  

 

INTRODUCTION 

1.1 Background  

In the recent technology of the electrical and electronic industry, the autonomous 

driving car has grown rapidly on par with the high demand in the world market. The 

development in information and technology makes it evolves rapidly. Nowadays, the 

application of computer vision is most important for the autonomous navigation of vehicle 

and robots. 

Robust and accurate self-positioning of vehicles is one of the central challenges of 

autonomous driving. Therefore, significant efforts have been made to improve visual 

odometry techniques to obtain additional position measurements for automotive 

applications. 

Autonomous car navigation is an important study in a variety of localization, route 

planning, and mapping applications. Figure 1.1 shows the illustrated autonomous driving 

vehicles in China [1]. Although progress has been made in this area in recent years, there 

is still no way to meet the requirements for high accuracy and robustness over long 

distances for movement in various conditions and environments.  

 

Figure 1.1: The illustrated autonomous driving vehicle in China [1] 
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In vehicle localization, visual odometry is the most important thing for autonomous 

vehicle localization, where it is able to track the paths and can detect properly and can 

avoid obstacles. The vision-based odometry is the robust technique used for vehicle 

localization. Visual odometry is an inexpensive and alternative odometry technique 

compared to Global Positioning Systems (GPS), sonar localization systems, and wheel 

odometry, where there is relative position error.  

In recent years, there have been various methods developed for vehicle navigation. For 

example, the GPS, Inertial Measurement Unit (IMU), wheel odometer, and Light Detection 

and Ranging (LIDAR) are used for improving positioning accuracy. The GPS is widely 

acquirable and provides globalization. Based on Figure 1.2, GPS obtained 3D coordinates 

on earth from the satellites, and it is required at least four satellites to communicate to our 

device. If there is an obstruction such as high-rise buildings (urban canyon or tunnel) or 

driving under a bridge the GPS signal connection will be lost. It is because the satellite 

cannot communicate with the user to recognize the position. GPS also can be used to 

observe the drift in a dead-reckoned position, but the GPS only can provide the location 

information when it has an unobstructed line-of-sight to the satellite. The GPS receives 

signals from satellite and plot the user position of the vehicle on the map, but the accuracy 

of the localization is often low.  

IMU is a device to measure and describe the specific gravity or angular rate of the item 

to which is linked. Generally, IMU consists of gyroscopes which is to provide an angular 

rate measurement and accelerometers to measure specific force or acceleration.  The IMU 

can be used for acceleration and orientation measurement. LIDAR is a laser sensor to detect 

the object when it installs on the vehicle, however the signals can be very weak if the object 

is in far range. 
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Figure 1.2: Global Positioning System (GPS) 

Therefore, in automated environment, the capacity to detect encompassing traffic and 

the capacity to control the direction of a vehicle progressively are critical variables for the 

protected and proficient activity of robotized vehicles. The current direction arranging 

strategy is an expansion of the way arranging technique in the field of mechanical 

technology research. Direction arranging can give bring about a smooth and constant 

direction that fulfils the vehicle kinematics and solace control prerequisites. Analysing 

changes in the driving environment requires considerable time and is not suitable for 

handling emergency, making it difficult to achieve a global trajectory [2]. The local 

trajectory is produced under the direction of the worldwide direction, which is a sort of 

ongoing direction that is made by detecting the natural data and can along these lines be 

generally utilized in the direction arranging of mechanized vehicles [3].  

The autonomous lane change is a perplexing assignment as the vehicle should follow a 

predefined bend. There may be impediments out and about, as different vehicles and their 

quality ought to be considered by the arranging period of the maneuverer. Wellbeing is first 

concern; along these lines, the maneuverer ought to be impeded in any circumstances where 

the execution would hazard any of those in the environmental elements of the vehicle [4]. 

In automated environment, the capacity to detect environmental elements traffic and 

the capacity to control the direction of a vehicle continuously are huge variables for the 

protected and effective activity of robotized vehicles.  

A lane-change discovery framework is taken as a mark of crossing point turning 

development assessment and relating vehicle directions are assessed in like manner. 
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 Lane Changing Trajectory (LCT) planning is an important model for identifying safety 

in traffic systems where this model helps predict gap acceptance, and designs lane change 

dynamic trajectories regarding longitudinal and lateral movements. Figure 1.3 shows the 

illustration of lane-changing occurrence on the road [5]. 

 

Figure 1.3: Illustration of lane-changing on the road [5] 

1.2 Problem Statement 

Every day, most of the drivers make a change lane because of congestion, 

navigation, uneven road, overtaking, or preference, which the vehicles need to move from 

their current lane to an adjacent lane either to the left or right side. Other than that, there 

are also some drivers who have a micro-sleep while driving and cause the zigzag while 

driving on the road. Lane change actions increase the travel distance and induce the 

estimation error of longitudinal position and road shape. 

Based on World Health Organization (WHO), the total number of annual traffic 

accident fatalities is estimated to be approximately 1.3 million [6]. Car crashes often occur 

when traffic participants try to change lanes immediately. In addition, the micro-sleep also 

contributes to the occurrence of crashes because of vehicle out from lanes. Other than that, 

on map navigation application their do not show whether either the vehicle makes a lane 

change or not. 

Recently, the technologies in autonomous cars still does not have a driving safety 

system to detect the vehicle lane changes occur.  If the safety support system of a vehicle 

can detect lane changes before other vehicles cross the lanes, the accident rates can be 

significantly decreased. In addition, on the map navigation system, they are able to show 

if the vehicle makes a lane change or not on a straight and curved lane.  
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1.3 Objectives 

The objectives of the project are as follows: 

i) To analyze visual odometry trajectory based on driving environment. 

ii) To develop mathematical analysis to detect lane change. 

iii) To identify the accuracy of lane-change detection based on the analysis.  

1.4 Scope of Project 

This project will focus on the analysis of lane changes detection for vehicle longitudinal 

position where the analysis aims to detect a small lane-changed based on the KITTI dataset.  

It does not only detect and eliminate the lane change occurs on the straight lane and it also 

on the curve lanes.        

1.5 Chapter Outline 

In this thesis, there are five chapters that have been divided in visual odometry lane-

change detection for vehicle localization. The first chapter discussed on the introduction 

with project background. It also consists of problem statement that occurs when and why 

the vehicle makes a lane-change on the road, project objectives, project scope and project 

outline. 

Then, followed by Chapter 2 which presents the literature review that consists of all 

subtopics that are related on the project. It will emphasize more about the technique and 

algorithm of visual odometry. This project discusses more in detail on the lane-change 

trajectory based on visual odometry. This chapter also include the pose estimation, 

trajectory generation, visual odometry evaluation, benchmark, visual odometry level 

accuracy and comparison of visual odometry techniques based on the previous research 

that have been studied. 

Next is Chapter 3 which explains on the methodology. This chapter explains the 

flowchart of the project procedures included the flow of simulation process. Besides, this 

chapter also includes the ORB SLAM, the calculation on the estimation method and curve 

fitting.  
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In Chapter 4, the result and discussion we briefed. This chapter will analyze and 

examine all the trajectories results obtained. In the first part, the trajectories results obtained 

from ORB SLAM are recorded and discussed. The last part is about the calculation of curve 

fitting. The curve fitting calculation was used to assume from the curve lane into straight 

lane. 

Lastly, Chapter 5 covers the conclusion which concludes this research to get the 

trajectory of lane changing using different methods in ORB SLAM, estimation method, 

and curve fitting. Besides, several recommendations are also discussed for improvement 

on the future works. Throughout the analysis, it is recommended that different method to 

get the trajectory in lane changing. Other than that, the high performance of computer is 

recommended to increase the performance of machine language. 
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Chapter 2  

 

LITERATURE REVIEW 

2.1 Overview 

This chapter will give an explanation about the visual odometry, and lane-change 

trajectory is based on the previous research. The past study is about the visual odometry 

technique and the method of lane change detection. Every research has its own technique 

and method to produce good result. Each method has their own advantages and weaknesses 

in terms of reliability, precision, cost, and feasibility. Here, explanation on the equation, 

calculation on the straight lane, and the curve fitting are presented.   

2.2 Introduction to Visual Odometry 

The “odometry” term originally from the combination of two Greek word hodos 

that means “journey” and metron which means “measure” [7]. Thus, measuring one’s 

journey by estimating the change in an object’s pose over time is defined as odometry. 

Visual odometry is the most common way of assessing the position and direction of vehicle 

utilizing one camera or multiple cameras connected [8]. Vision based motion estimation 

can provide accurate estimates if GPS fail or dead-reckoning conditions. For the example, 

in NASA’s Mars Exploration where the visual odometry was successfully used to maintain 

the accuracy of estimation position [9]. 

 The major of visual odometry methods proposed in previous research is use 

monocular or stereo camera in their systems. Monocular visual odometry is when systems 

used one camera only and it is produced one angle position for capturing surrounding 

images. While the stereo when it is used more than one camera and it is produced different 

angle for image capture and it is resembling human eyes to obtain object information in 

3D.   Stereo camera system is needed to obtain depth information. To better understand the 

process, image of an object is formed by a ray of light that hits the object and hits the sensor 

plane of the camera. If trace the beam from the camera sensor back, the object is somewhere 
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along the beam, but we do not know exactly where it is. Figure 2.1 and Figure 2.2 showed 

the illustrated the difference monocular and stereo vision. 

 

Figure 2.1: The observing on object for monocular vision. 

 

Figure 2.2: Stereo vision for tracking rays has intersect at the object. 

2.3 Visual Odometry Techniques 

Most of the researchers applied different techniques for visual odometry in their 

research article. Visual odometry is an economically and option odometry technique is 

more exact than usual techniques, for example, GPS, wheel odometry, and sonar 

localization framework with an overall position error from 0.1 to 2% [10]. 

In previous research, there were use a various technique to approaches visual odometry. 

The techniques were used in visual odometry are: 

i) Feature detection 

ii) Feature tracking  


