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Abstract

In this study, we discuss a problem to collect observation data with one mobile robot in extensive investigation field.
When the measurement of observation data is carried out by the mobile robot, the setting of running-path and navigation
are important for appropriate measurement. Usually reciprocating straight paths at even interval are employed to collect
data with spatially uniform density. However it is possible that some area between the straight paths requires detailed
measurement. The method proposed in this paper makes it possible that in ordinary situation the robot follows the straight
path, in the proximity of the area with need of observation it leaves the straight path toward the area, after that returns to
the preceding straight path. Recently the path-generating regulator (PGR) has been applied to a tracking problem along a
straight passage for car-like robots. The PGR is a control method for a vehicle so as to orient its heading toward a tangent
to one of the curves belonging to a family of path functions. In this paper, we append a property to the PGR tracking the
straight passage to modify the target heading angle in accordance with necessity of observation and to realize the motion
toward the area with need of observation. To confirm the efficiency of the proposed method, two types of simulations
are performed. The first simulation shows how a level of necessity of observation and a range to the area changes the
locus of the mobile robot. In the second simulation, the mobile robot is satisfactorily guided by the level of necessity of

observation obtained from actual measured data in a survey site.
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Fig. 1 An example of survey field. The terrain is uneven and covered with plants.
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Fig. 2 A two-wheeled vehicle model which is equivalent to a four-wheeled vehicle
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A4 | 3520107 1.72 1.72
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Fig. 12 Locus of the vehicle in Case Al, b,, =3.5, ¢;, =2, Fig. 13 Locus of the vehicle in Case A2, b,, =0.5, ¢;, =2,

gm = 0.1. The locus is represented by a red line.
A series of blue rectangles designate the shape of
the vehicle at successive moments.

qm = 0.1. The locus is represented by a red line.
A series of blue rectangles designate the shape of
the vehicle at successive moments.
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Fig. 14  Locus of the vehicle in Case A3, b,, = 3.5, ¢;, = Fig. 15
0.1, ¢, = 0.1. The locus is represented by a red
line. A series of blue rectangles designate the
shape of the vehicle at successive moments.

Locus of the vehicle in Case A4, b,,, = 3.5, ¢;, = 2,
gm = 0.7. The locus is represented by a red line.
A series of blue rectangles designate the shape of
the vehicle at successive moments.
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Table 2 A parameter list of the simulation in Field B, and root mean square error at 21 and h2.

Case | by | cm | qm Error at 41 [m] | Error at A2 [m]
B1 351201 0.01 0.56 0.57
B2 0.5 120 0.01 6.12 6.2
B3 35 (0.1 0.01 8.31 5.49
B4 35120 0.1 7.50 7.50
80 70 -60 -50 -40 -30 -20 -10 0
x[m]
Locus of the vehicle in Case B1, b,, = 3.5, ¢;;, = 2, Fig. 17  Locus of the vehicle in Case B2, b,, =0.5, ¢;,, =2,

gm = 0.01. The locus is represented by a red line.
A series of blue rectangles designate the shape of

the vehicle at successive moments.

Locus of the vehicle in Case B3, b,, = 3.5, ¢,y =
0.1, g» = 0.01. The locus is represented by a
red line. A series of blue rectangles designate the
shape of the vehicle at successive moments.

ylm]

gm = 0.01. The locus is represented by a red line.
A series of blue rectangles designate the shape of
the vehicle at successive moments.

Fig. 19

Locus of the vehicle in Case B4, b,, = 3.5, ¢;, =2,
qm = 0.1. The locus is represented by a red line.
A series of blue rectangles designate the shape of
the vehicle at successive moments.
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Fig. 21 One of the contour maps of measured ground
temperatures. The size of surveyed site was 40m
in length and 15m in width. The survey line was a
reciprocating straight path at even interval.

Fig. 20 An all terrain vehicle employed to measure
ground temperatures. A thermo camera, an
environment survey system, and a vehicle control
system were installed in it.
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Fig. 22 The contour map of values of f;, which was Fig. 23 The contour map of values of f;, which
obtained by subtracting a offset temperature from was predicted by the database model method.
the measured ground temperatures. The ground The database model was constructed from the
temperature at (0,0) coordinate was chosen as the ground temperatures obtained by the precedence
offset temperature. measurements.
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Fig. 24  Simulation field with k; obtained from an actual measurement experiment data. The line of y =0 is a
standard driving path. Blue, green and red dots are observation points with the k;’s value of O to 1, 1 to
1.5, and above 1.5, respectively. There are four area with red dots which are designated by k1, h2, h3, and
h4.
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Fig. 25 Locus of the vehicle in Case C, b,, = 10, ¢,,, =
1.5, ¢ = 0.001. The locus is represented by a
red line. A series of blue rectangles designate
the shape of the vehicle at successive moments.

Fig. 26 A 3-D shaded surface plot of m; with respect
to x; and L; when b,, = 10,c,, = 1.5, and ¢, =
0.001.
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Fig. 27  Locus of the vehicle in Case D, b,, = 20, ¢, =
1.0, g, = 0.01. The locus is represented by a
red line. A series of blue rectangles designate
the shape of the vehicle at successive moments.

Fig. 28 A 3-D shaded surface plot of m; with respect
to x; and L; when b,, = 20,c,, = 1.0, and ¢g,,, =
0.01.
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