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Abstract

In order to find people, locate intruders and navigate patients along a building, vari-

ous wireless positioning technologies have been researched. Compared with the other

wireless positioning techniques, RFID has some obvious advantages of low cost, long

lifespan and energy efficiency. All these advantages make RFID a good choice to im-

plement wireless positioning systems in an indoor environment.

Radio frequency identification (RFID) is a technology that utilizes electromagnetic waves

to convey information between an RFID reader (also called as an interrogator) and an

RFID tag in order to identify and track the object to which the tag is attached. Accord-

ing to the power sources of RFID tags, RFID systems can be divided into two types:

active RFID and passive RFID. While active RFID systems are better for outdoor local-

ization, passive RFID systems are more suitable for indoor positioning. For the special

modulation scheme ’backscattering’ of passive RFID systems, we can estimate the po-

sition of tags according to the phase differences between the transmitted signal and the

backscattered signal (PDOA).

In this thesis, we have proposed a structure that can be used to measure the phase dif-

ferences between the transmitted signals and the backscattered signals. After propos-

ing the structure, it is analyzed mathmatically. Some simulations with the software

Simulink are also performed to theoretically verify the effectiveness of the proposed

structure.

According to the proposed structure, we set up a hardware platform. Using the hard-

ware, several tests were made and based on the analysis of the test results, the effec-

tiveness and efficiency of the proposed structure has been verified practically.

Page ix



Page x



Statement of Originality

This work contains no material that has been accepted for the award of any other de-

gree or diploma in any university or other tertiary institution and, to the best of my

knowledge and belief, contains no material previously published or written by an-

other person, except where due reference has been made in the text.

I give consent to this copy of the thesis, when deposited in the University Library,

being available for loan, photocopying and dissemination through the library digital

thesis collection.

The author of this thesis acknowledges that copyright of published work contained

within this thesis (as listed in the publications page) resides with the copyright holder(s)

of that work.

Signed Date

Page xi



Page xii



Acknowledgments

First and foremost, I must recognize my principal supervisor Dr. Behnam Jamali for his

constant and patient guidance during the period of my master study. His meticulous

approach to learning and tolerance towards others will influence me for the rest of my

life. Talking with him not only in professional areas but also on other topics such as

culture has always been enjoyable and beneficial.

I would also like to wholeheartedly thank my co-supervisors Mr. Matthew Trinkle for

providing valuable suggestions to my research.

Sincere thanks also to my colleagues in the School of Electrical and Electronic Engi-

neering for their unselfish help in extending my knowledge. They are Mark Jessop,

Geng Tian and Ruiting Yang.

I am indebted for the work done by the staff in the School of Electrical and Elec-

tronic Engineering, particularly, Associate Professor Cheng-Chew Lim and Mr Stephen

Guest. Of course thanks to the four kind ladies in the school office.

Many thanks to my friends, specifically Zhonghao Hu, Yuexian Wang, and Liang Du-

anmu in Adelaide for their constant support and encouragement during my master

studies.

I am grateful to my parents who dedicate their unconditional love and encourage-

ment to me. Since I first entered primary school, all through my educational journey

of twenty years, their love has always accompanied me. Without them, I could not

imagine how I could have accomplished this work.

Yi Li (May 2012)

Page xiii



Page xiv



Conventions

Typesetting

This thesis is typeset using the LATEX2e software.

The fonts used in this thesis are Times New Roman and Sans Serif.

Referencing

Referencing and citation style in this thesis are based on the Institute of Electrical and

Electronics Engineers (IEEE) Transaction style [1].

For electronic references, the last accessed date is shown at the end of a reference.

Units

The units used in this thesis are based on the International System of Units (SI units) [2].

Spelling

The Australian English spelling is adopted in this thesis.

Page xv



Page xvi



Abbreviations

ASK Amplitude Shift Keying

CW Continuous Wave

FD-PDOA Frequency Domain PDOA

GPS Global Positioning System

IEC International Electrotechnical Commission

ISO International Organization for Standardization

PDOA Phase Difference Of Arrival

PSK Phase Shift Keying

RF Radio Frequency

RFID Radio Frequency Identification

RSSI Received Signal Strength Indication

SD-PDOA Spatial Domain PDOA

TDOA Time Difference Of Arrival

TD-PDOA Time Domain PDOA

UWB Ultra-WideBand

WLAN Wireless Local Area Network

Page xvii



Page xviii



List of Figures

1.1 Basic Structure of RFID Systems . . . . . . . . . . . . . . . . . . . . . . . . 2

2.1 Passive RFID system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.2 Active RFID system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2.3 TD-PDOA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2.4 FD-PDOA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

2.5 SD-PDOA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

3.1 Scheme of backscattering . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

3.2 struture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.3 Two different operating modes of ASK . . . . . . . . . . . . . . . . . . . . 24

3.4 Binary signal of ASK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

3.5 Power spectrum of the ASK signal . . . . . . . . . . . . . . . . . . . . . . 26

3.6 Two operating modes for PSK . . . . . . . . . . . . . . . . . . . . . . . . . 27

3.7 Binary signal for PSK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

3.8 Two antenna configurations . . . . . . . . . . . . . . . . . . . . . . . . . . 29

3.9 Simulation Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

3.10 Representation of Backscattered Signals . . . . . . . . . . . . . . . . . . . 32

3.11 Frequency Response of the LPF . . . . . . . . . . . . . . . . . . . . . . . . 33

3.12 Frequency Response of the HPF . . . . . . . . . . . . . . . . . . . . . . . . 33

3.13 The Result of the Simulation . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.14 Measured PDOA values with different HPFs . . . . . . . . . . . . . . . . 35

Page xix



List of Figures

4.1 Comparison of the proposed structure and RFX900 . . . . . . . . . . . . 40

4.2 The second way to implement the front end . . . . . . . . . . . . . . . . . 41

4.3 The altered daughterboard . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4.4 The tag used in this project . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.5 The test configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.6 The set of the test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4.7 Control of USRP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

4.8 I and Q data from the Receive Chain . . . . . . . . . . . . . . . . . . . . . 52

4.9 Slope of FD-PDOA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.10 The calculated value and the actual value . . . . . . . . . . . . . . . . . . 53

4.11 Results of TD-PDOA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

5.1 Structure of hardware platform . . . . . . . . . . . . . . . . . . . . . . . . 58

5.2 Structure of the RF front end board . . . . . . . . . . . . . . . . . . . . . . 59

5.3 Test result of FD-PDOA . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5.4 Summary of the test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

B.1 PCB layout diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

B.2 Schematic diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

B.3 Materials used in the project . . . . . . . . . . . . . . . . . . . . . . . . . . 75

C.1 First page of RFX900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

C.2 Second page of RFX900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

C.3 Third page of RFX900 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

Page xx


	TITLE: Tag Position Estimation in RFID Systems
	Contents
	Abstract
	Statement of Originality
	Acknowledgments
	Conventions
	Abbreviations
	List of Figures


