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Study on CPS SLAM

—3D Laser Measurement System for Large Scale Architectures—

Ryo Kurazume*, Yukihiro Tobata®, Kouji Murakami* and Tsutomu Hasegawa*

In order to construct three-dimensional shape models of large-scale architectural structures using a laser range
finder, a number of range images are normally taken from various viewpoints, and these images are aligned using
post-processing procedures such as the ICP algorithm. However, in general, before applying the ICP algorithm, these
range images must be registered to roughly correct positions by a human operator in order to converge to precise
positions. In addition, range images must be made to sufficiently overlap each other by taking dense images from
close viewpoints. On the other hand, if the positions of the laser range finder at viewpoints can be identified pre-
cisely, local range images can be directly converted to the global coordinate system through a simple transformation
calculation. The present paper proposes a new measurement system for large-scale architectural structures using a
group of multiple robots and an on-board laser range finder. Each measurement position is identified by a highly
precise positioning technique called Cooperative Positioning System (CPS), which utilizes the characteristics of the
multiple-robot system. The proposed system can construct 3D shapes of large-scale architectural structures without
any post-processing procedure such as the ICP algorithm or dense range measurements. Measurement experiments in
unknown and large indoor/outdoor environments are successfully carried out using the newly developed measurement

system consisting of three mobile robots named CPS-V.
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Fig.1 Cooperative Positioning System, CPS
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Fig.3 Results of long distance measurement experiment
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Fig.5 Obtained floor map
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Child robot 2
Child robot 1

Fig.6 Fifth CPS machine model, CPS-V

[ Vaw

2D scanning qD Total station,
laser range finder, 5 o™ AP-L1
LMS200

[ e

Fig.7 3D laser measurement system using rotation table
around yaw axis

DC servomotor
(36W)
Fig.8 Child robot

Table 1 Specification of total station, AP-L1
AP-L1 (TOPCON Ltd.)

Range 4~400[m]
Resolution (distance) 0.2[mm]
Resolution (angle) 5”7

+ 3 + 2ppm[mm]
+5”

Precision (distance)
Precision (angle)

Table 2 Specification of laser range finder, LMS200
LMS 200 (SICK Corp.)

Range 80[m)]
Field of view 180°
Resolution (distance) | 10[mm]
Resolution (angle) 0.5°

& 2 WET 57200 2 @iZEEh+t 4 (MD900-TS, Applied
Geomechanics Inc.) #¥E#HLTWVWDE, 2Okt —H¥FL ¥
VI ATIRA) y MROWEET -5 %, K80 [m], ME
180° DHEEPATHH Z LT &% (Table 2). %7z, BUK v
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< .
’ Hall .
\ .
‘ i
< — ‘
»
x Path of parent robot ’ Il ¥
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Yy : i
Q‘." *
@ : Scanning positions of ‘ Tt Q;“"
parent robot. Initial position
l (0,0,0)

Downstairs

Fig.10 Path of parent robot
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40 m

Fig.11 Obtained 3D map of indoor environment
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(c1) (c2)
(c)

Fig.12 Obtained 3D map of indoor environment
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HITHEAIX 0.22[m] £ &Y, Fig. 13 (a) & H# L THENICRE
DA E L7 DR TE 7.
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1st scanning
23rd scanning

\ L17m
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(a) Child robot moves 22 times (b) Child robot moves 5 times

Fig.13 Comparison of modeling errors
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=]
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Upstairs 0 0
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0 Comer p—0omg |
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