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INTRODUCTION

The problem of Simultaneous Localization and Map-
ping (SLAM) has been studied thoroughly in the past
decade in the field of mobile robotics. Taking into
account the information that we can find on literature,
it is possible to face the SLAM problem from three
different points of view: the Metric SLAM, the To-
pological SLAM and the hybrid Metric-Topological
SLAM. When we use the metric approach, we represent
the environment and we compute the robot location
through geometrical information with certain accuracy.
On the other hand, when we face the problem using the
topological approach, the objective is to represent the
environment information by means of alist of locations
within a graph, maintaining connectivity relationships
between them. Finally, the metric-topological approach
consists of acombination of the both techniques, trying
to take advantage of both methods.

Nowadays, the use of computer vision is usual when
we want to build a map and localize the robot in the
map, because of several advantages (they are passive
sensors, have a low cost and provide us with a great
amount of information). When we use a vision sensor
on a SLAM problem, we can approach the problem
from two points of view: using the local appearance
(landmarks) or using the global appearance to extract
the necessary information from the scenes. The use of
local appearance implies the extraction of distinctive
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landmarks from the images. When we use techniques
based on local appearance, we typically need more
computational time to build the map and locate the
robot within the map. It is due to the fact that we need
to extract the distinctive landmarks from each image
and find each landmark extracted, in all images that
compose the map. However, it presents an advantage:
the possibility of including metric information to the
system. Conversely, the global appearance methods
need a lower time to work (they allow us to work
in real time) but they do not directly include metric
information in the map.

The main objective of this work is to build and
test an algorithm to solve the SLAM problem us-
ing the global appearance of omnidirectional visual
information and the robot internal odometry. Taking
into account the advantages and disadvantages of the
methods previously listed, we have decided to use a
hybrid metric-topological approach to solve the SLAM
problem.

BACKGROUND

The SLAM problem is a task studied extensively in
the field of mobile robotics. One of the first works we
find corresponds to Moravec and Elfes (1985), where
a metric map is built by means of wide-angle sonar
range measurements and a probabilistic approach.
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Subsequently laser sensors are introduced to improve
the accuracy and velocity in the algorithms created.
For example, Thrun (2001) presents an algorithm for
the SLAM problem in which a team of robots builds
a map online using laser sensors and a Monte Carlo
approach. However, the use of laser sensors implies an
important contribution of radiation to the environment,
and the laser sensors also use mechanical systems,
which introduce errors.

Later, due to the numerous advantages offered (pas-
sive sensors, low cost, large amount of information,
low power consumption, etc.), the use of cameras in
the field of mobile robotics became widespread. For
example, Murillo et al. (2007) make use of omnidirec-
tional images to localize a robot within a previously
created map, using SURF (Speed Up Robust Features)
(Bay et al., 2006). Nevertheless, in most cases, when a
robot needs to perform a task it does not possess any
information about the environment and therefore the
robot must build amap whileitislocated init (SLAM).
In this line, Gil et al. (2010) present an algorithm for
the visual SLAM problem in which a robot builds a
map online using a stereo-camera and SURF features.
The main problem presented by the use of the extrac-
tion of distinctive landmarks corresponds to the high
computational cost required. As a feasible alternative,
the use of topological approaches is a field of great
interest in the construction of maps by means of the
global appearance of visual information, due to the
numerous advantages it presents in terms of simplicity
and computational cost. For example, Menegatti et al.
(2004) carried out a study onrobot navigation using the
omnidirectional visual information captured from the
environment, by applying a global appearance descrip-
tor. In this work, they carried out a task of mapping and
localization, without conducting a close loop, where the
authors claim not high accuracy. In this sense, Werner
et al. (2009) carried out a task of topological SLAM
using vision-based techniques and global appearance.
They also make use of omnidirectional images, and
furthermore they propose a Bayesian approach that
combines the odometry information of the robot with
the visual information to improve the accuracy.

In this work we present a comparison of three
global appearance descriptors in a process of robotic
mapping, using a hybrid topological/metric SLAM.
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APPEARANCE-BASED SLAM

In the approach we present in this work, we have
decided to fuse the metric and the topological ap-
proach, with the goal of getting the advantages of each
method. The topological method allows us to build a
global compact representation of the environment and
the metrical approach uses the information provided
from the topological method to detect loop closures,
so that it is possible to correct the possible errors in
the position of the robot.

Constructing a Topological Map

Since we have decided to work with the global appear-
ance of the images, we need to represent the global
information that each image has, building a specific
descriptor. The descriptor should retain the information
inacompact and efficient manner, it must be computed
quickly and it must be robust against changes in the
environmental lighting conditions. In this work we
make use of and compare three different global im-
age descriptors: Fourier Signature (FS) (Paya et al.,
2009), Gist-Gabor (Friedman, 1979) and Histogram
of Oriented Gradient (HOG) (Amorés et al., 2010).
With the objective of representing the environment,
we have used a graph, so that, each node of the graph
represents an area of the environment with similar
visual appearance (containing one or more images),
and each edge indicates the connectivity relationships
between the nodes (Romero et al., 2010). Taking into
account that each node can contain one or more im-
ages, we have decided to compute the most represen-
tative image of each node. With this objective we use
the following equations to compute the similarity
between every two images in the node S(i, j):

$69= Vi)
D(i, ) = \/Z Z(Desi(m, n) — Des (m, n)),
D

where Desi represents the descriptor of the pan-

oramic image [ .»and m and n are the number of
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