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Abstract— Many robotics applications involve navigating to
positions specified in terms of their semantic significance. A
robot operating in a hotel may need to deliver room service to
a named room. In a hospital, it may need to deliver medication
to a patient’s room. The Building-Wide Intelligence Project at
UT Austin has been developing a fleet of autonomous mobile
robots, called BWIBots, which perform tasks in the computer
science department. Tasks include guiding a person, delivering
a message, or bringing an object to a location such as an
office, lecture hall, or classroom. The process of constructing
a map that a robot can use for navigation has been simplified
by modern SLAM algorithms. The attachment of semantics
to map data, however, remains a tedious manual process of
labeling locations in otherwise automatically generated maps.
This paper introduces a system called PRISM to automate a
step in this process by enabling a robot to localize door signs
– a semantic markup intended to aid the human occupants of
a building – and to annotate these locations in its map.

I. I NTRODUCTION
Emerging applications in robotics involve systems in
which robots navigate to static, known locations in order to
perform their tasking. In environments like hotels, hospitals,
and university buildings these locations are frequently understood through a semantic label such as the room number
of a classroom or office. Whereas robots generally use
Simultaneous Localization and Mapping (SLAM) algorithms
for navigation, the poses associated with such semantics
are generally labeled through manual processes after the
SLAM map has been constructed. Humans, on the other
hand, leverage semantics provided to them by the building
itself in the form of signage such as room number placards.
A planar homography is a 2D projective transformation
which can be thought of as the image of a rigidly transformed
3D plane that has been projected into 2D space. A familiar
application of planar homographies is Zhang’s Method [1].
Zhang’s method is the most common camera calibration algorithm, which utilizes homographies computed from images
of chessboard calibration targets. In the case of a camera with
known calibration, a homography can be used to determine
the pose of a planar target with respect to the camera.
The rectangular placards commonly placed in office buildings provide a convenient geometry for homography computation, from which it is possible to determine their position
for labeling on a map.1 The computed homography can
also be used for image rectification, enabling software to
compute an image that looks as if it were taken directly
facing the sign. This rectified image is simpler for text
1 The inversion of the rigid transformation computed to determine this
pose could also be used to determine the position of the robot on the map.
This is left to future work.

extraction systems to read than one that may be taken at
a non-perpendicular angle, and thus can be used to improve
text extraction performance. The system presented in this
paper allows a robot that is performing SLAM to automatically detect room placards and to compute the position and
rectification of these placards using homographies.
Many organizations, including hospitals, offices, and universities, adopt uniform signage standards. These standards
ensure that the geometry, placement, design and typography
of placards is consistent and accessible to people with
vision impairments. In the United States, these standards
are enshrined in law [2]. The prevalence of such signage,
reinforced by these standards and regulations, makes the
approach presented in this paper broadly applicable to a wide
variety of public buildings and businesses.
The unique contribution of this paper is the use of standard
computer vision techniques for the purpose of automating the
annotation of room numbers. A scanner locates room number
placards by finding quadrilaterals in images sampled by the
robot’s vision system. A homography is then computed to
estimate the poses of these signs. These estimates are also
used for image rectification to improve text extraction, and
the real sign’s pose is optimized based on the transformation
of a model sign. The system also employs a speech interface
to interactively inform a human operator that it has found
a potential room placard, allowing the operator to focus the
robot’s attention on the sign. We call the developed system
PRISM: Pose Registration for Integrated Semantic Mapping.
We plan to further extend this system to enable our robots
to autonomously maintain semantic map annotations for the
buildings in which they operate, as well as annotate the
locations of objects found in the environment. This system
starts with office placards partly due to their relevance to
functionality that is currently in place in the Building-Wide
Intelligence (BWI) project. Annotations for room numbers
are maintained in the robot’s knowledge base for many of
the tasks that the system performs [3].
II. R ELATED W ORK
Robotic navigation can be broadly characterized into
mapless and map-based methods. Mapless navigation does
not use an explicit representation of space, relying instead
on visual techniques, such as the recognition or tracking
of objects in the environment, to generate a motion plan
[4], [5]. Map-based approaches are popular and effective in
practice. They often represent free-space and obstacles in a
2D or 3D occupancy grid [6]. PRISM augments a map-based
representation with semantic annotations.

