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Abstract

This paper describes a new scan matching-based mapping method using mobile robot in an environment including various
physical properties. In scan matching, localization is performed mainly focusing on the shape information of the environment.
However, the localization cannot be performed correctly and matching may fail when a similar shape existing in different places
if only the shape information is taken into account. Therefore, we propose a new method to improve the accuracy of scan
matching by considering abundant physical features existing in the environment. In this method, it is possible to utilize not only
the shape information but also the physical information of the environment as features by measuring such as heat and water
sources. Experiment result in the real environment shows that a highly accurate map of the environment can be generated by
utilizing these physical information.
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Fig. 1 Outline of proposed method
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(a) Conventional ICP (b) Proposed ICP

Fig. 2 Conceptual image of ICP algorithm

4-3 FREMSTZE ICP-SLAM
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Fig. 3 Pose graph
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(a)Mock-up stair (b)Trajectory of robot in environment

Fig. 4 Experimental environment

Fig. 5 Map built by true trajectory

6-2 EERMIR

AW O L7 F8REE 2 X 6 (T, £/, TRERR Y FOfARRZR LITRT. AR AR Y MILDAR ZH5# LT
BY, FHROEESBEMEAZFHET T a— DR TS. LIDAR 13 Velodyne Lidar #1:0 VILP-16 Z v iz, =
O LiDAR X L—HIZ &% ToF HRUZ L 0 BREED 3 TTRBHEHRA TSI 5 2 L3 FRETH 5.

Fig. 6 Exploration robot equipped with VLP-16
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Table 1 Specification of exploration robot

Uphill slope angle [deg] 45
Payload [kg] 5
Traveling speed [mm/s] 100
Length [mm)] 1000
Width [mm] 400
Height [mm] 200
6-3 ERER

TITRTHREREY, RO ICP WG XD b, #ERETHED ICP 2 HWGEIIWTILEb mAR Yy MEDRRA)
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ICP LHERTEONL—THH UirAa A Gl LIZEAS, Ak LI HIX D 5 ) B ELO R D 58~ DB e b /N &
<, HXDOREENM ELZ. —FHT, kD ICP L—7"L UidaZz HWIZEAIL, 18D ICP OB & FAWTSEELD b
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BOWTHEESIUTEY, ORI E HEp o> TR HAEFEOMEN TN TLE 9. ZORE, 1ERDICP L —TTATIA
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Fig. 7 Comparison of translation errors

[DOI: 10.1299/transjsme.1x-00000] © 201x The Japan Society of Mechanical Engineers



Kataoka, Suzuki, Ji, Fujii, Kono and Umeda, Transactions of the JSME (in Japanese), Vol. 00, No.00 (201x)

Fig. 8 Map by ICP Fig. 9 Map by ICP with loop closure

Fig. 10 Map by proposed ICP Fig. 11 Map by proposed ICP with loop closure

Table 2 Distance to the map build by true trajectory [m]

Odometry 0.918

ICP 0.320

ICP with loop closure 0.322

Proposed ICP 0.023

Proposed ICP with loop closure 0.005
1. BbLYIC

ABFETIS, FHEA R ICP A L, BRHIXZ AT 5 HEZIRE L. 82 HETIEL ICP 7Y X AR
DEGIERIRFRA BT, SR K DHEREPHILR &, B D RISt~ » F L THEOF VT ¢ Z5 T 5 2 &C, Jaitk:
HERE LT SLAM AT AR LTZ, FBRCIY, JEMEME ICP IC k> THERTHEL U bTEADEZ EMEIZA TV, K
DR Z AR LTz, SO, B ICP I Lo THERTHAL W bAMESOEZ BT, FEEOR M 245k
L7z, 20—, —TBACIABRONEA SN IED 20 - 720508, BIERFE ICP & Mo a—F OREEG &6
THRDLBEIRDHND.

SHOEEE UL, JFRNIIZEORFEEEFHIICE 28REERIETH L Z LD, ABGEO 78 T 52K SLAM &
FIpY, BT L—ADT Re— I NEBEEZREEE L, REb21T9 552 SLAMICEFT 5 Z L NEELE 2 5.
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BiEE
AHET, ENAFZERIIEIE N HAR - ORTEBRTERS [3kn a0 L7 OBl - AMaRatbtESRE) 12k I
LTz TR BT BN IR DT OO B Ry R Wt~ T 4 v 77— < v TR
AT LOBE] WHEEAE  BUTERT i ) ORCRO—ETY @RER S 301107) .
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