
Managing Uncertainty in RFID Based
Tracking Applications

Rengamathi Sankarkumar

School of Computer Science

University of Adelaide

This dissertation is submitted for the degree of

Master of Philosophy

University of Adelaide November 2015





I would like to dedicate this thesis to my loving family ...





Declaration

I certify that this work contains no material which has been accepted for the award of any

other degree or diploma in my name, in any university or other tertiary institution and, to

the best of my knowledge and belief, contains no material previously published or written

by another person, except where due reference has been made in the text. In addition, I

certify that no part of this work will, in the future, be used in a submission in my name,

for any other degree or diploma in any university or other tertiary institution without the

prior approval of the University of Adelaide and where applicable, any partner institution

responsible for the joint-award of this degree.

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

made available for loan and photocopying, subject to the provisions of the Copyright Act

1968. The author acknowledges that copyright of published works contained within this

thesis resides with the copyright holder(s) of those works.

I also give permission for the digital version of my thesis to be made available on the

web, via the University’s digital research repository, the Library Search and also through

web search engines, unless permission has been granted by the University to restrict access

for a period of time.

Rengamathi Sankarkumar

November 2015





Acknowledgements

This thesis would not be possible without the help and support of kind people, only some of

whom is possible to give particular mention here.

I would like to present my sincere gratitude to my co-supervisor Dr. Damith C Ranas-

inghe for the support to pursue research in RFID and the all time guidance and support. He

taught me not only how to do research, but also how to find out why to do research. I could

not be prouder of my academic roots and hope that I can in turn pass on the research values

and the dreams that he has given to me.

I would like to thank my principal supervisor A/Prof. Michael Sheng for the kind advices

enriched with a lifetime of research experience. He has always cared about me and my future

and provided great insights for me to pick my path in the best direction. I am so proud of

working with you both, thank you.

In this opportunity I’d like to thank my friend, Dr. Sanjeev Arulampalam for his kind

help and effort in showing me the path for research studies and for teaching me the basics of

particle filters. Without his help I would have not made my research findings possible. I’d

also like to thank Sage Hall from Sage Hall Proofreading Services, for providing language

proof reading advice for my thesis under the ASEP standard D and E.

I especially thank my mom Devaki, dad Sankar and brother Nivas. My hard-working

family have sacrificed their lives for me and provided unconditional love and care. I do

believe that I would not have made it this far without them. I know I always have my family

to count on when times are rough.

I would not have contemplated this road if not for my lovely husband, Prithvi and my

son Jai, who instilled love in all senses within me. They have been the best of friends along

this journey. Thanks my dearest for being patient with me, for being beside me when no

one could be, and for rekindling my dreams when no one believed in me.





Abstract

Object or people based tracking systems that use RFID have seen increasing usage over

the past decade. These systems provide an effective tracking solution by leveraging

the non-line-of-sight precise identification capability of RFID technology, however they still

have to overcome a number of challenges posed by the nature of the technology to improve

their reliability and accuracy, such as uncertain data that leads to location uncertainty. In

this thesis, two applications are been concentrated: i) asset tracking; and ii) tracking people.

The goal was to develop a generalizable approach for tracking objects or people effectively

by managing the location uncertainty problem caused by uncertain RFID data.

In the context of an asset tracking application, we describe an optimized tracking algo-

rithm to predict the locations of objects in the presence of missed reads using particle filters.

To achieve high location accuracy we develop a model that characterizes the motion of ob-

jects in a supply chain. The model is also adaptable to the changing nature of a business,

such as flow of goods, path taken by goods through the supply chain, and sales volumes.

A scalable tracking algorithm is achieved by an object compression technique, which also

leads to a significant improvement in accuracy.

In the context of a people tracking application for addressing wandering off, one of the

common behaviours among cognitively impaired patients, we have developed an approach

for identifying the traversing direction and the traversing path used by the patients wearing

an RFID tag integrated into clothing for the first time. Our approach uses a particle filtering

(PF) based technique with Received Signal Strength Indicator (RSSI) maps obtained from

scene analysis to continuously track a person wearing an RFID tag over their attire. Using

real-time spatial and temporal data obtained from the PF based tracking approach, we de-

velop two algorithms: i) tag traversing direction (TD) algorithm to identify the tag bearer’s

moving direction (e.g. moving out of a room); and ii) tag traversing path detection algorithm

(TPD) to estimate the traversal path used by the tag bearer.

Furthermore, we propose a generic model for RFID sensing infrastructure using Kernel



x

Density Estimation (KDE) to eliminate the need of generating an RSSI map for every new

environment. The newly developed algorithm can be implemented in practice without the

need for further training data. We then integrate Kullback-Leibler (KL) divergence into our

sensor model to overcome problems posed by information loss when the RSSI distribution

in the training data set is used to generate a generic sensor model based on approximating

RSSI distribution over the monitoring region. Moreover, we also utilize a Dynamic Time

Warping (DTW) technique to improve the performance of our TPD algorithm by measuring

the similarities between the real-time temporal data and the trail walking temporal data. At

last, we investigate the accuracy of our algorithms in a multiple-participants environment.

A detailed discussion of all the proposed method’s performance and accuracy for both ap-

plications show that our algorithms are robust.
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