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a b s t r a c t 

One of the biggest factors that contributes to the computational cost of extended Kalman

filter-based simultaneous localization and mapping is the computation of the covariance

update. This results from the multiplications of the covariance matrix with other param-

eters along with the increment of its dimension, which is twice the number of land-
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marks. This study attempts to look for an optimal solution to decrease the computa- 

tional complexity of the covariance matrix without compromising the accuracy of the 

state estimation through eigenvalue approach. This paper presents a study on the matrix- 

diagonalization technique, which is applied to the covariance matrix in extended Kalman 

filter-based simultaneous localization and mapping to simplify the multiplication process. 

The behavior of estimation and covariance were observed based on four case studies to 

analyze the performance of the proposed technique. 

© 2016 Elsevier Ltd. All rights reserved. 

1. Introduction 

Simultaneous localization and mapping (SLAM) is one of the navigation techniques that enables the robot to move au- 

tonomously and observes its surrounding in an unknown environment. SLAM does not require a priori map, but with the 

aid of proprioceptive and exteroceptive sensors on board, the mobile robot is able to incrementally build a feature map of 

the environment and use this map to localize its position. The position of mobile robot and landmarks are determined by 

means of estimation method such as the Kalman filter [1] , the particle filter [2] or the H ∞ 

filter [3] . These estimators will 

provide an estimation based on the measurement data that are recursively recorded by the sensors. SLAM has been applied 

in a wide range of mobile robot applications such as underwater, mining, unmanned air vehicles, and in home appliances 

[4–7] . 

Extended Kalman filter (EKF) has been widely used to solve estimation problems in SLAM due to the simplicity of the 

algorithm, its robustness and ability to apply the algorithm online compared to other approaches such as particle filter. 

However, the whole covariance matrix in EKF-based SLAM needs to be updated every time a new landmark is detected. 

This process involves a lot of mathematical operation, thus will increase the computational cost. Moreover, the dimension of 

covariance matrix will increase to twice the number of landmark, as more landmarks are detected. The classical EKF-based 

SLAM algorithm is known to have a cost of O( m 

2 ) , in which m denotes the number of landmarks within the map. This 

limits the use of EKF in a large environment (only a few hundred landmarks). Besides, the full-covariance structure is also 

very sensitive to the linearization errors, which will accumulate through time and may cause the divergence to the filter [8] . 
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