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This thesis presents the research on modeling of received signal strength indicator (RSSI) variation and its
application to indoor localization. The contents of the thesis is based on the research carried out by the author
during his doctoral course at the Division of Electrical, Electronic and Information Engineering, Department of
Information Communications Technology, Graduate School of Engineering, Osaka University, Japan. The
thesis is organized as follows.

Chapter 1 introduces wireless sensor networks (WSNs) as the background of the thesis and states the purpose
of the study. Furthermore, examples of WSN applications are given.

Chapter 2 briefly presents the background of the IEEE 802.15.4 standard for low-rate wireless personal area
network (LR-WPAN) and ZigBee stack. Moreover, it explains various ranging techniques and location
estimation methods utilized in location estimation systems based on WSN. The advantages and disadvantages
of each technique are presented, and the motivation to exploit location estimation based on RSSI and maximum
likelihood (ML) estimation method is clarified.

Chapter 3 describes all experimental setups and experimental sites since all of the studies and results
presented in this thesis are based on measured data collected on various locations. This allows to show results
which represent realistic performances. Moreover, this chapter discusses a conditional probability density
function (PDF), which defines the channel model used in the following chapters as a basis of ML estimation
method.

Chapter 4 investigates the effect of motion of people on measured RSSI data and location estimation
performance. Two sets of experimental data are collected on various sites under two different conditions. First

set of experimental data was collected during measurement campaigns conducted when the sites were static,
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with no motion of people affecting the RSSI measurements. Second set was collected when the sites were
dynamically changing, namely motion of people was affecting the measured RSSI data. The location estimation
performance was then compared using the two sets of experimental data.

Chapter 5 proposes a traffic load reduction method for a centralized target node location estimation system.
In a centralized system, a central node or a control center may get overloaded by the RSSI data due to its limited
throughput, and this may lead to delays or fails to estimate all target node locations. The proposed traffic load
reduction method is experimentally verified and the results reveal that the method allows to increases the
number of target nodes’ locations being estimated simultaneously.

Chapter 6 proposes a joint target node location and channel model parameter estimation algorithm which does
not require any prior knowledge of channel model parameter values. The algorithm improves on the
conventional location estimation systems which assume a prior knowledge of model parameter values. The
experimental results using the proposed algorithm reveal that the estimates of target nodes’ locations are
determined equally well and in some cases even better than using conventional location estimation with known
value of channel model parameters.

Chapter 7 concludes the thesis by summarizing the overall results and suggests further research directions.
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