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Effective technique of a three-dimensional laser measurement for a large-scale environment
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This paper proposes an efficient technique for the measurement of large-scale three-
dimensional environment using a laser scanner. The proposed technique consists of two parts,
the optimum parameter setting of a laser scanner and the reduction of movement time of target
markers. We conducted measurement experiments and verified the effectiveness of the proposed

technique.
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Fig.1 FARO Focus 3D
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Fig.2 Self-position estimation method by the target-
based method
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Fig.3 Target recognition performance with respect to
resolution changes
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Table 1 Resolution configuration that satisfies the set

criteria
. . Recognizable | Measuring
Resolution | Quality Distance[m] | time[sec]
1/5 2X 20 199
1/4 1X 25.5 184
1/2 1X 31 345
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Fig.4 Success rate of measurement with respect to qual-
ity changes
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Fig.5 Examples of wall measurement with respect to
quality changes

Fig.6 Noise of FARO scanner with respect to quality
changes

Table 2 Loss rates with respect to quality changes

Quality | Loss rate[%)]
1X 1.76
2X 0.09
3X 0.02
4X 0.00
6X 0.00
8X 0.00
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Table 3 Optimized configuration of FARO
Resolution | Quality | Measuring time[sec]
1/5 X 405
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Fig.7 A square structure for keeping reference spheres
side length is 1.5m
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Table 4 Error of position according to distance be-
tween reference spheres and numbers of refer-
ence spheres

. The number | Standrd deviation po-
Distance[m] L
of spheres sition error[m]|
0.75 2 failure
4 0.0059
1.5 2 0.0030
4 0.0022
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Fig.8 Sizes of reference spheres

Table 5 Error of position according to size of reference
spheres and numbers of reference spheres

: The number | Standrd deviation of
Diameter[mm] "
of spheres position error[m]
150 2 0.0040
4 0.0026
200 2 0.0021
4 0.0019
300 2 0.0025
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Fig.9 Optimized structure for measurement
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Fig.10 Comparison of two methods for placing reference
spheres
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Table 6 Position errors by measuring from FARO to ref-
erence spheres and from reference spheres to
FARO

Standrd deviation of
position error[m]

0.0018

Reference spheres attached

to the structure
Two independent reference

spheres

0.0010
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Fig.11 The resulting three-dimensional map

Fig.12 Positions for measurement and its order
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Fig.13 Measurement accuracy with a stationary refer-
ence sphere

Table 7 Position errors of the stationary reference sphere

Error rate[%)]

Reference spheres attached to 0.026
the structure
Two independent reference 0.013
spheres
Five independent reference 0.00027
spheres
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