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Stereo Vision System based Localization
-Applications to indoor navigation robot

system-*

Kenji Masuda

Abstract

Localization is a fundamental problem for an autonomous mobile robot.

The localization problem can be represented by a probability density function
(PDF) which represents the robot state by using Bayes approach and the Markov
assumption. The problem is divided into the state transition probability (called
the motion model) and the perceptual likelihood (called the perceptual model).

This research use three dimensional information from a stereoscope system,
and represents the environment using a 2.5 dimensional map. Therefore, this
approach is able to observe small obstacles which might not be seen using a 2D
planar sensor.

This research uses odometry and stereo vision sensor data for the motion model
and the perceptual model. In applying the 3D data to the localization problem,
the perceptual model can become complicated. Therefore, in order to simplify
the model, this research reduces the dimensionality of information used in the
localization process. Specifically, three dimensional data is projected on a two
dimensional plane, and the distance within the field of view is computed from

the robot to obstacles. This extracted information is named the "range-profile”.

* Master’s Thesis, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT0351113, February 3, 2005.
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The range-profile is matched with the existing map that represents a real envi-
ronment, and a probability measure of the robot state hypothesis is evaluated.
By considering the height of obstacles from the three dimensional information,
this matching can be performed without influence from sensed obstacles which do
not exist in the map. The error in the motion model is corrected the error using
the yaw-axis of a fiber optical gyroscope. Errors in rotation are compounded
with the distance traveled and therefore greatly affect the accuracy of position
estimation. By using the gyros, rotation error was reduced significantly. The
particle filter method is of localization applied to estimate the robot state with
these models. The particle filter method , when combined with the motion and
perceptual models is able to approximate an arbitrary PDF.

The localization algorithm was implemented on a mobile robot, NOMAD200,
and were conducted in a real world environment experiments. The robot moved
through the real world while collecting vision and odometry data over a 220[m]
path for 13 sampled points, after collection, localization was performed offline.
the maximum translation error in the localization estimate was 6 cm and orien-
tation error was 6 degree. Localization using the stereo vision system does not
accumulate error as the robot navigated. Finally, an online mobile robot system

was developed with a path planning function.

Keywords:

localization, 2.5D, stereo vision, particle filter, mobile robot
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