
Int J Comput Vis (2012) 97:339–368
DOI 10.1007/s11263-011-0492-5

Impact of Landmark Parametrization on Monocular EKF-SLAM
with Points and Lines

Joan Solà · Teresa Vidal-Calleja · Javier Civera ·
José María Martínez Montiel

Received: 16 November 2010 / Accepted: 10 August 2011 / Published online: 9 September 2011
© Springer Science+Business Media, LLC 2011

Abstract This paper explores the impact that landmark
parametrization has in the performance of monocular, EKF-
based, 6-DOF simultaneous localization and mapping
(SLAM) in the context of undelayed landmark initialization.

Undelayed initialization in monocular SLAM challenges
EKF because of the combination of non-linearity with the
large uncertainty associated with the unmeasured degrees of
freedom. In the EKF context, the goal of a good landmark
parametrization is to improve the model’s linearity as much
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as possible, improving the filter consistency, achieving ro-
buster and more accurate localization and mapping.

This work compares the performances of eight differ-
ent landmark parametrizations: three for points and five for
straight lines. It highlights and justifies the keys for satis-
factory operation: the use of parameters behaving propor-
tionally to inverse-distance, and landmark anchoring. A uni-
fied EKF-SLAM framework is formulated as a benchmark
for points and lines that is independent of the parametriza-
tion used. The paper also defines a generalized linearity in-
dex suited for the EKF, and uses it to compute and compare
the degrees of linearity of each parametrization. Finally, all
eight parametrizations are benchmarked employing analyti-
cal tools (the linearity index) and statistical tools (based on
Monte Carlo error and consistency analyses), with simula-
tions and real imagery data, using the standard and the robo-
centric EKF-SLAM formulations.
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1 Introduction

Simultaneous localization and mapping (SLAM) is the prob-
lem of concurrently estimating in real time the structure
of the surrounding world (the map), perceived by moving
exteroceptive sensors, while simultaneously getting local-
ized in it. The seminal solution to the problem by Smith
and Cheeseman (1987) employs an extended Kalman filter
(EKF) as the central estimator, and has been used exten-
sively. In EKF-SLAM, the map is a large vector stacking
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