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Abstract— In many applications, maintaining a consistent
map of the environment is key to enabling robotic platforms
to perform higher-level decision making. Detection of already
visited locations is one of the primary ways in which map
consistency is maintained, especially in situations where external positioning systems are unavailable or unreliable. Mapping
in 2D is an important field in robotics, largely due to the
fact that man-made environments such as warehouses and
homes, where robots are expected to play an increasing role,
can often be approximated as planar. Place recognition in
this context remains challenging: 2D lidar scans contain scant
information with which to characterize, and therefore recognize,
a location. This paper introduces a novel approach aimed at
addressing this problem. At its core, the system relies on the
use of the distance function for representation of geometry. This
representation allows extraction of features which describe the
geometry of both surfaces and free-space in the environment.
We propose a feature for this purpose. Through evaluations
on public datasets, we demonstrate the utility of free-space in
the description of places and show an increase in localization
performance over a state-of-the-art descriptor extracted from
only surface geometry.

(a)

I. I NTRODUCTION

(b)

A key competency towards achieving high-level tasks is
the ability for a robot to build an internal representation of
the environment and localize within it. Systems performing
this task, known as Simultaneous Localization And Mapping
(SLAM), are increasingly being deployed on robots operating
in unstructured environments or without access to reliable
external localization infrastructure [1].
Ground-robots frequently operate in environments which
can be approximated as locally-planar and therefore 2D
SLAM is an important field in robotic research. Globallocalization in this context, however, remains challenging.
Some effort has been made to design local descriptors for
2D lidar data, drawing inspiration from the techniques that
have made place recognition successful in visual SLAM. The
primary challenge, however, is that 2D scans, in contrast to
images, contain scarce information about the environment,
complicating efforts to design sufficiently powerful descriptors with which to characterize places.
Existing local descriptors for 2D lidar data are typically
constructed from collections of points on the surface of
occupied space. This formulation, however, omits available
information from the description of place. One primary
purpose of mapping systems is to determine regions of freespace, such that navigation can be conducted in these areas.

Fig. 1: An example of place-recognition using the proposed method. The
query submap (red) from the end of a trajectory is matched against a submap
(blue) from the start. Query and match submaps are displayed as distance
functions, free-space feature matches are shown in black, and the path taken
by the agent in blue. A close up of the matched submaps is shown in (b).
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These regions might also be meaningful for localization; the
shape and arrangement of the free-space is likely to contain
substantial information about a place.
In this paper we introduce a novel feature aimed at this
purpose. Central to our system is the representation of the
geometry of the mapped world using a Signed Distance
Function (SDF). Distance functions have been used in a wide
variety of applications, including robot path planning [2],
dense reconstruction [3], and computer graphics [4]. In
contrast to pointclouds, the distance function represents the
geometry of free and occupied space equally. We posit, that
by extracting keypoints and descriptors on the SDF, we characterize the local geometry of both free and occupied space.
We suggest a simple keypoint detector and descriptor for
that purpose and test the efficacy of the resulting approach.
In summary, the contributions of this paper are:
• The use of distance functions explicitly for the purpose
of place recognition.
• The development of a keypoint detection and description approach for characterization of local SDF geometry.
• Experimental validation showing the efficacy of the

