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system by a remotely-operated tracked vehicle in a rubble environment. The
tracked vehicle with sub-tracks can get over stairs and rubbles. The tracked ve-

|:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| |:| hicle was equipped with a 3-D laser scanner. The authors proposed a reticulate
scan that enables to measure detailed 3-D point cloud data even if the tracked
|:| |:| |:| |:| |:| |:| |:| 3 |:| |:| |:| |:| vehicle stopped. 3-D map was constructed by using these 3-D point cloud data

and robot’s position and posture. The position and posture were estimated
using gyro-based odometry. The gyro-based odometry reduced estimation er-

11,12 12 12 rors caused by slips of tracks during the rotation motion. 3-D map was also
oo o ooooo b o oo constructed by using ICP matching with the restriction of gravity, or manually.
O O O 12 O O O O 13 O O O O 3 In addition, the author introduces our recent researches. The authors develop

a method of classifying 3-D points cloud data into ”wall”, ”ground”, ”rubble”,

and ”pole” by using the pass rate of laser and eigen vector in each voxel. In

00000000000 00000000000 30000000000000 addition, the authors develop the methods of robot’s position estimation using
00000000000 0000 NEDOOODOOOOOOOOOO0O0000000 3-D measurement data, and the method of integrating 3-D measurement data

that collected by several robots.
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3-D Shape Measurement of Disaster Environment
Using Remote-controlled Tracked Vehicle with Laser Scanner
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The authors have studied 3-D shape measurement by using 3-D laser scanners t3 000000 furo
and tracked vehicles. The authors explain the overview of 3-D measurement furo CIT
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Fig.1 NEDO Project: Remotely-controlled Tracked Vehicles For Searching on Disaster Area and
Victims
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Fig.2 Remote Control System of Tracked Vehicle
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0 3 Reticulate 000 30000000000000000
Fig.3 3-D Laser Scanner of Reticulate Scan Method and the Geometrical Model
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Fig.4 Laser Point Trajectory of Reticulate Scan
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Fig.5 3-D Point Cloud Data of Reticulate Scan
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Table 1 Specification of HDScanner

Distance[m] max 15
View angle [deg] 360(H), max 130(V)
Weight[kg] & size [m] | 2.1, (0.1(W),0.13(D), 0.22(H))
Between 1 and 6

Time of 3D scan [s]
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Fig.6 Measurement of Point Density
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Fig.7 Point Density of Pitching Scan Method (m=72).
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Fig.8 Point Density of Reticulate Scan Method (m=72).
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Fig.9 Result of 3-dimensional Gyro-based Odometry on Stair
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010 OOOOOOO 30000
Fig.10 Sendai Subway 3-D Map

0 11 Tube maze 00DDD0O00: (A) 00DDO000,(B)0000DO0ODOO0OO0ODODOOOODODO,
(C)(D) D0DOOCOOOD 30000.
Fig.11 Tube maze test field: (A) field photo, (B) field photo captured in sunlight condition, (C)
and (D) 3-D map constructed by the Kenaf during the exploration.
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Fig.12 3-D Point Cloud Classification Using Passing Ray Rate and Eigen Vector
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Fig.13 Result of Position Estimation (The tracked vehicle moved lowering the sub-tracks): Experi-
mental setup (Left-upper), Tracked vehicle state(Right-upper), Estimation results (Lower)
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