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Abstract— Localization and modeling of stairways by mobile
robots can enable multi-floor exploration for those platforms
capable of stair traversal. No system yet presented is capable
of localizing a stairway on a map and estimating its properties,
two functions that would enable stairways to be considered
as traversable terrain in a path planning algorithm. The
system we propose to demonstrate performs detection and
modeling of ascending stairways while performing simultaneous
localization and mapping. Our system consists of two parts:
a computationally efficient detector that leverages geometric
cues from depth imagery to detect sets of ascending stairs,
and a stairway modeler that uses multiple detections to infer
the location and parameters of a stairway that is discovered
during exploration. Modeling the stairway as a whole will
enable exploration of higher floors of a building by allowing the
stairway to be incorporated into path planning by considering
it as a portal to new frontiers. Our intended demonstration will
highlight the performance of the system in accurate stairway
modeling and localization by observing with a mobile robot a
set of portable stairs that we will place in the demo area.

Stair Edge Detection

Extract stair edges from depth imagery by finding and
clustering lines of depth discontinuity

Extract edge points from point cloud
Aggregate edge points
over many observations

Fit stairway model to aggregated edges

Stairway Modeling

Generative model: inclined plane within bounding box
Localize model on map and estimate step dimensions

I. I NTRODUCTION
Autonomous mobile robots have traditionally been restricted to single floors of a building or outdoor areas
free of abrupt elevation changes such as curbs and stairs.
This restriction presents a significant limitation to real-world
applications, such as whole-building mapping and rescue
scenarios. Our work seeks a solution to this problem and
is motivated by the rich potential of an autonomous ground
robot that can climb stairs while exploring a multi-floor
building. Our proposed solution to this problem is a system to
detect and localize stairways in the environment during the
process of exploration, and model any identified stairways
in order to determine if they are traversable by the robot;
an overview is presented in Fig. ??. With a map of the
environment and estimated locations and parameters of the
stairways, the robot could plan a path that traverses the stairs
in order to explore the frontier at other elevations that were
previously inaccessible. Other systems have been proposed
for related tasks—primarily a single detection triggering
immediate traveral—but no existing work approaches the
problem in the context of the aforementioned scenario.
Autonomous multi-floor exploration is a new behavior for
ground robots, and we present this work as a first step toward
the realization of that capability.
Although our contribution is mainly toward semantic object perception, and might therefore be more applicable to the
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Fig. 1.
High level workflow of the proposed system, consisting of
two modules: stair edge detection and stairway modeling. Stair edges are
extracted from depth imagery and collected over many observations into an
aggregated point cloud. Periodically, a generative model of a stairway is
fit to the aggregate cloud and its parameters re-estimated. The result is a
model localized with respect to the robot’s map of its environment.

SPME workshop at ICRA 2012 instead, we believe that the
work is best illustrated with a live demonstration—which is
not offered there—and that the intended application is more
in line with the higher-level semantic mapping themes of the
SPMK workshop.
II. D EMONSTRATION
We intend to demonstrate this system by showing it in
live operation while deployed on a mobile robot. We plan
to provide our own robot platform, as well as a set of
portable demonstration stairs—several full-sized steps of our
own construction—in order to facilitate the illustration of its
capabilities. However, if it is possible to use any stairways
within the building, we would prefer to demonstrate the system in a more natural setting. Under teleoperation, the robot
will navigate around the provided demonstration area and
construct a map while detecting and modeling the stairway,
and localizing the model within the map. We can demonstrate
the accuracy of localization and model parameter estimation,
as well as the convergence of the model over multiple
observations.

