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SUMMARY

The vital functions for mobile robot navigation are representation of a
robot’s environment, localization, and path planning. In most cases,
representation of environment can be a basis of localization and path
planning because it can provide the information on the location of objects.
Building a sonar map by using sonar sensor is the most popular approach
to representation of the environment.

There are two different approaches for building a sonar map; a grid
map and a feature map. The grid map can effectively accumulate sonar
informations into occupancy probabilities of grids from series of sonar data
so that it can overcome the corner problem of sonar sensing. It requires
large amount of memories to represent a wide work space. On the other
hand, the feature map is composed of some geometric primitives such as
lines, corners or edges, and arc features that can provide useful
information for localization and path planning. In addition, the use of
memories for maintaining a wide environmental map 1S minimized.
However, It need densely sampled data to evaluate features from the
environment. Accordingly, it is desirable to develop a method that
incorporates the advantages of a grid map into a feature map.

This thesis suggests a new approach that coverts the grid map to a

feature map. The scenario of the approach is as follows; the robot



continuously builds a local grid map using sonar sensor in a wide
workspace. While the occupancy probability of a grid is updated from
sonar range data, the orientation of the grid is also evaluated. The grids
in the map is clustered in to groups in which the grids have the same
orientations. From the groups, the line segments is, then, extracted by
using least square method. Finally, the line segments that satisfies given
constraints are merged into one to build a feature map.

The proposed approach consists of following methods; evaluation of
orientations, clustering method of orientation, extraction of line segments,
and merging of line segments. These are strongly based on the orientation
information of grids. Evaluation of orientation is possible because of the
specular reflection of sonar sensing, that is, the-sonar beam can detect an
object only when the incidence angle is normal to the object surface. The
proposed approach was verified through sets of experiments with a real
robot in a real world. The results have shown the possibility that the

approach can be applied to build a feature map from a grid map.
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local map extracted line segment

(number of clusters : 3)

(a) Position 1

local map extracted line segment

(number of clusters : 3)

(b) Position 2

Fig. 4-4 Results of line segment extraction

_28_



local map extracted line segment

(number of clusters : 2)

(c) Position 3

local map extracted line segment

(number of clusters : 2)

(d) Position 4

Fig. 4-4 (continued)
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local map extracted line segment

(number of clusters : 2)

(e) Position 5

Fig. 4-4 (continued)
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===:true lines

- > eXxtracted lines

Fig. 4-5 Line segments extracted from all local maps
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= . exiracted lines

=== frue lines

Fig. 4-6 Resulting feature map by merging line segments and

reconstruction of corners.
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Table 4-1 Position error of each line segment (units : m)
. True Estimated
position o o Error RMS error
Position Position

X 0.0 0.0 0.0
0.150

Y 0.0 0.15 0.15

X 0.0 0.0 0.0
0.070

Y 4.2 4.13 -0.07

X 0.7 0.75 0.05
0.064

Y 4.9 4.94 0.04

X 4.5 452 0.02
0.082

Y 4.9 4.82 -0.08

X 4.5 452 0.02
0.131

Y 3.3 3.17 -0.13

X 3.2 3.21 0.01
0.130

Y 3.3 3.17 -0.13

X 3.2 3.21 0.01
0.022

Y 0.0 0.02 0.02
Average 0.090
Standard deviation 0.041
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