


FLORIDA STATE UNIVERSITY

COLLEGE OF ARTS AND SCIENCES

MAR: MOBILE AUGMENTED REALITY IN INDOOR ENVIRONMENT

By

MOHAMMAD ALAHMADI

A Thesis submitted to the
Department of Computer Science
in partial ful liment of the
requirements for the degree of
Master of Science

2017

Copyright ¢ 2017 Mohammad Alahmadi. All Rights Reserved.



Mohammad Alahmadi defended this thesis on April 26, 2017.
The members of the supervisory committee were:

Jie Yang

Professor Directing Thesis

Michael Mascagni

Committee Member

Sonia Haiduc

Committee Member

The Graduate School has veri ed and approved the above-named committee members, and certi es
that the thesis has been approved in accordance with university requirements.



To my parents, who have been a primary source of support and encouragement. This work is also
dedicated to the Saudi Arabian cultural mission who supported me nancially through a full
scholarship.



ACKNOWLEDGMENTS

I sincerely thank my advisor Jie Yang for his valuable time and ideas that leads to successfully
completing my thesis. | also thank the nine anonymous participants who helped in providing a
feedback that supported our nding. | am also grateful for the committee members of my thesis:

professor Mascagni and professor Haiduc for o ering their time, feedback, and guidance.



TABLE OF CONTENTS

List of Figures . . . . . . . . vii
Abstract . . . . . L e iX
1 Introduction 1
L1 OVEIVIEW . . . o 1
1.1.1 Augmented Reality . . . . . . . . . . . .. 1

1.1.2 Indoor Localization. . . . . . . . . . . ... 2

1.2 Problem Statement . . . . . . . ... 4
1.3 Background Research . . . . . . . . . . . ... 5
1.4 Proposed Approach . . . . . . . . . . . . 7
1.5 Thesis Organization (Outline) . . . . . . . . . . . . . 8

2 Design Overview of Indoor Localization 9
2.1 Fingerprint Based Localization . . . .. .. .. .. ... .. .. .. .. .. ... 9
2.2 Experimental Setup Floor Plan[O inePhase] . ... ................ 10
2.2.1 Systematic Fingerprint Training . . . . . . . . .. .. ... ... ..., 10

2.2.2  Fingerprint Training Based on Object Location . . . . ... ... ... .... 12

2.3 Experimental Setup Floor Plan [ Online Phase] . . ... .. ... ... ....... 12

3 System Design 14
3.1 OVEIVIEW . . . . o e e e 14
3.2 ANNOtator . . . . .. e 14
3.3 VieWer . . . e 15
34 Cloud O 0ading . . . . . . . o i 16
3.5 Cloud Web Service . . . . . . . . . 16

4 Filtering Process 18
5 Implementation 22
51 Simulator . . . . . . 22
5.2 Object Recognition Algorithm . . . . . . . .. . .. ... .. . 24
5.3 Annotator . . . . .. L e 26
5.4 VieWer . . . . . 28
5.5 Cloud Web Service . . . . . . . . . e 29
5.6 Smartphone Sensor Fusion . . . . . . . . .. 30

6 Result 32
6.1 Simulator . . . . .. 32
6.2 Indoor Localization . . . . . . . . . . . 34
6.3 Phone Direction and Inclination Degree . . . . . . . ... . ... ... ... .. ... 35
6.4 Integration of Sensor Fusion with Image Recognition . . . .. .. ... ... ..... 36



7 Limitation and Future Work 37
7.1 Indoor Localization Error . . . . . . . . . . . 37
7.2 Battery Lifetime of the Smartphone . . . . .. ... ... ... ... ......... 38

8 Conclusion 39

References . . . . . . . . e 40

Biographical Sketch . . . . . . . . 43

Vi



1.1
1.2
2.1
2.2

2.3

3.1
3.2
4.1
4.2
4.3
4.4

5.1

5.2
5.3

5.4

5.5
6.1
6.2
6.3
6.4

LIST OF FIGURES

Mobile augmented reality inamuseum . . . . .. . ...
Matching time increases when the number of annotated images increases . . . . . ..
Floor plan that contains prede ned locations . . . . .. ... ... ... ........
O ine ngerprint trainingusingalaptop . . . . . .. ... .. ... ..

Displaying a list of the nearest location from the current location of the laptop inside
LOV building . . . . . . . . e

Annotating information that is sent to the cloud service by the annotator . . . . . ..
Schema diagram for the ngerprint database . . . ... ... ... ... ........
The primary Itering processes that we apply to the original annotated database . . .
Filtering based on the phone location using ngerprint-based localization . . . . . ..
Capturing the smartphone direction toward the annotated image . . . . ... ... ..
Phone inclination degree on Y-axisiscaptured . . .. ... ... ... ... ......

The data set that was generated using our system and randomly assigned di erent
SENSOr values . . . . . . . . e

Sample of the generated meta data for the training dataset. . . ... ... .. .. ..

Annotating a new object and capturing a sensor fusion information at the moment of
taking the picture . . . . . . ..

(a) Capturing rate is speci ed in this screen for starting a new ngerprint. (b) After
calculating the the average RSS, this screen appears with more details about the
available WiFi . . . . . . . e

Di erent annotations appears based on the scanned object with similarity value

A sample of a data set that includes images and a random sensor reading . . . . . ..
Result of comparing the pure matching algorithm with MAR . . . . . .. .. ... ..
Result of Localization and euclidean distance . . . . . . ... ... .. ... .....

Testing the phone direction and orientation with pre-deployed data . . .. .. .. ..

Vii



7.1

The matching time of the accurate localization compared to six-meter error in local-
ization . . . . . . e

viii



ABSTRACT

For decades, augmented reality has been used to allow a person to visualize an overlay of anno-
tations, videos, and images on physical objects using a camera. Due to the high computational
processing cost that is required to match an image from among an enormous number of images,
it has been daunting to use the concept of augmented reality on a smartphone without signi cant
processing delays. Although the Global Positioning System (GPS) can be very useful for the out-
door localization of an object, GPS is not suitable for indoor localization. To address the problem
of indoor localization, We propose using mobile augmented reality in an indoor environment. Since
most smartphones have many useful sensors such as accelerometers, magnetometers and Wi-Fi
sensors, we can leverage these sensors to locate the phones location, the phones eld of view, and
the phones angle of view. Using Mobile Augmented Reality (MAR) based on processing data from
several smartphone sensors, we can achieve indoor localization with reduced processing time. We
tested MAR in simulated environments, and deployed the system in the Love building (LOV) at
Florida State University. We used 200 images in the simulated environment, and compared the
matching processing time between multiple object recognition algorithms and reduced the matching

time from 2.8 seconds to only 0.17 second using a brisk algorithm.



CHAPTER 1

INTRODUCTION

1.1 Overview
1.1.1 Augmented Reality

Imagine that your phone camera can see and discover new objects or images and recognize them
like a human beings. Simply, pointing the phone towards an object and a related information is
displayed in the phone screen as seen in Figure 1.1. Nowadays, augmented reality has been used
in a variety of elds such as medicine, maintenance, education, military, etc. [3, 20, 30, 31]. In
medicine for example, a doctor can point the phone towards any parts of patients body and see
all the details related to that part in a form of video or simple text. Moreover, as there are very
complicated mechanical devices, engineers can easily forget some instructions of xing a hardware;
yet, using AR, they can simply see a video instruction on each part when they point the smartphone
camera to the device. Even a piece of code can be trigged using object recognition.

There have been extensive e orts in the augmented reality eld that enables people to see
the digital world on top of the physical environment. Recently, Snapchat invented a glass called
spectacular that allows its users to record and share their moments with friends. There are already
applications which use the phones camera to visualize the physical environment. For example,
someone can point their camera to a fruit and see its nutritional value. We already have so much
useful information on the Internet, that if we utilize the camera e ciently, we could create an
application that directs us to a page with other relating documents. Such as if you point your
camera to a newspaper where it has an image of the white house, you can see a video related to
that article.

A related information for a speci c item is shown to the user when the camera of the phone
points to this item using the following methodology. Firstly, there has to be annotated database
where an image of each item of interest and a related information is saved. This is done by the
annotator or the person who is responsible to build up the database with the images. One of the

drawbacks of saving only one image of each object is the fact that the environment might change
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