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Chapter 1 introduces the SLAM problem in general and statement of contributions of this thesis.

Chapter 2 presents the necessary background to this thesis by discussing the common optimal filtering and smoothing.
The history and formulation of the discrete time optimal filtering and smoothing as recursive Bayesian inference are presented
in the beginning. Then the fundamental knowledge of the classical Kalman filter, extended Kalman filter, unscented Kalman
filter and particle filter are discussed in detail. The smoothing methods based on Rauch-Tung-Striebel are explained in detail
including the basic Rauch-Tung-Striebel smoother, extended Rauch-Tung-Striebel smoother, and unscented
Rauch-Tung-Striebel smoother.

Chapter 3 gives detailed explanations about the SLAM problem. This chapter starts by describing the basic
navigational map such as occupancy grid, feature map and topological map which is used in the autonomous mobile robot.
Then, the derivation of the SLAM problem in probabilistic term is discussed in detail. Afterwards, this derivation then is used
as basic knowledge to solve the SLAM problem. Detailed implementation of the common method in solving the SLAM
problem, named the extended Kalman filter (EKF) based SLAM is also presented in detail in this chapter. The structure of the
EKF based SLAM including the state augmentation between the robot state and map, the prediction and updating stage, and
the augmentation of new feature in the map are described step by step. Then, the derivation of motion model of a
nonholonomic vehicle with Ackerman steering model used in this thesis also is demonstrated in detail. In addition, we
introduce the extended Rauch-Tung-Striebel smoother (ERTSS) based SLAM and discuss its performance over the standard
EKF based SLAM.

Chapter 4 describes another method to solve the SLAM problem known as an unscented transformation used by the
unscented Kalman filter (UKF) based SLAM. Instead of using the approximation of nonlinearities in a SLAM problem by the
EKF based SLAM, this unscented transformation uses the deterministic sigma points to directly propagate the nonlinear
system. The structure of the UKF based SLLAM is described in the similar way as in the previous chapter but replacing the
linearization with the unscented transformation to estimate the nonlinear term. The comparison between the EKF based
SLAM and the UKF based SLAM is also presented. In addition, novel approach known as unscented Rauch-Tung-Striebel
smoother (URTSS) is presented to solve the SLAM problem. The performance of this proposed method is evaluated by
comparing with the UKF.

Chapter 5 discusses another paradigm in solving a SLAM problem known as the FastSLAM. The FastSLAM
decomposes the SLAM problem into robot localization and a collection of landmark estimation problem. The standard
FastSLAM framework, which consists of robot estimation, features state estimation and the important weight calculation, are
presented in detail. In this chapter, the unscented transformation is introduced by replacing the linearization approaches used
in the standard FastSLAM. The performance between the proposed method and the standard FastSLAM will be also discussed.
In addition to the standard sampling technique of the unscented transformation, we present the spherical simplex unscented
transformation as a new sampling method used in the FastSLAM framework. The evaluation among these approaches is also
presented in this chapter.

Chapter 6 presents the conclusions and suggestions for the future directions of this work.
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