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Abstract— Scan matching is used as a building block in
many robotic applications, for localization and simultaneous
localization and mapping (SLAM). Although many techniques
have been proposed for scan matching in the past years,
more efficient and effective scan matching procedures allow
for improvements of such associated problems. In this paper
we present a new scan matching method that, exploiting
the properties of the Hough domain, allows for combining
advantages of dense scan matching algorithms with feature-
based ones.

Index Terms— Scan matching, Hough Transform

I. INTRODUCTION

The 2D scan matching problem can be expressed as:
given two sets of 2D data (i.e. a reference scan and a
current scan), determine a 2D rigid motion (a translation�

and a rotation ��� ) that makes the scan data overlapping
the reference data.

The typical input for a scan matching algorithm is
composed by: i) a 2D range sensor (e.g a laser range finder)
producing a set of 2D points representing the contour of the
visible environment around the sensor; ii) a reference scan
representing the environment in which the robot moves and
that can vary depending on the application (e.g. a pre-built
map, a previous scan, etc.).

Scan matching turns the localization problem in a
pattern-matching problem with some peculiarities: a range
finder scan has particular geometric properties (radial or-
dering) and a sensor error model, moreover an underlying
world model should be taken into account.

Many techniques have been proposed for scan matching
in the past years however a definitive solution doesn’t
exist yet because scan matching is used in a vast range
of operative conditions.

Scan matching methods differ largely based on the
availability of a guess of the solution with relatively tight
bounds (e.g. pose tracking) or the complete lack of a guess
(e.g. global localization).

Another distinction can be made with respect to the
assumptions about the sensor data: presence of sensor
noise and feature-richness of the environment. Feature-
based scan matching is computationally more efficient, but
suffers from two limitations: 1) features must exist in the
environment, 2) feature extraction produces information
loss. On the other hand, dense scan matching is more robust
to noise but can be very costly.

In addition to this, not all methods provide a multi-
modal solution. This is important in a SLAM setting
because it provides an hook to perform explicit handling
of ambiguities or uncertainty in the mapping process.

In this paper we present a new scan matching method
based on the Hough Transform (HT), called Hough Scan
Matching (HSM), having the following properties.

� Despite the use of the HT, it doesn’t extract line
features from the scan (as in previous approaches [1])
but it matches dense data that can be interpreted as
”feature distributions”. It does not rely on specific fea-
tures, therefore it is robust to sensor noise. The Hough
domain enhances the properties of linear segments,
resulting in better performance when they are present.

� HSM is able to perform a multi-modal, global search
in the reference space, thus it is suitable for processing
requiring extensive search (e.g. global localization).
However, it can be restricted to perform local searches
reducing computational time, when global search is
not necessary (e.g. position tracking).

� The method is sound, in the sense that if the scan
matching problem has only one exact solution (i.e.
there exists only one rigid transformation that allows
for perfectly overlapping the two scans), then HSM,
without any initial guess, will include that one in the
solution set.

II. SCAN MATCHING

We first list some scan matching approaches that need a
guess of the solution to operate.

If the environment is rich in roto-translations-invariant
features (corners, straight walls [2]) and these are preserved
notwithstanding the sensor noise, then it is possible to
do simple filtering on the scan, extract them and find a
solution, sometimes in closed form and linear time with
respect to the number of points in the scan [3]. This
approach has been proved to be efficient and robust when
sufficient features are present in the environment.

In unstructured environments with relatively low noise, it
is possible to employ algorithms of the ICP family [4] that
do not assume the existence of features. These employs a
two-step process: first, a series of heuristic correspondences
between points in the two scan is established. Then a
roto-traslation that approximately satisfies the series of
constraints is found. The solution is obtained by iteratively
executing the two steps until the error drops below a
given threshold. In order to achieve convergence, such an
approach requires the two scans to be taken at close enough
positions. Modifications of the original algorithm allow for
efficient implementations.

If data noise is higher, there exists dense methods
that search in the solution space and do not require the
establishment of any feature-to-feature or point-to-point
correspondence. In [5] the solution is searched by perform-
ing gradient descent on a score function. Such a function
is built by convolving the reference scan with a Gaussian
kernel and then correlations it with the sensor scan. This
approach has been subsequently refined in [6] by defining a

Proc. of Intern. Conf. on Robotics and Automation (ICRA'05), 2005.












