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Vanishing Point Matching-based VVoxel Mapping
Using an RGB-D Sensor in a Monotonic Environment
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and Hajime ASAMA (The University of Tokyo)

Abstract: An environment model is a crucial part of a mobile robot navigation or human robot interaction. A challenging
point for the precision 3D environment modeling is matching the spatial alignment of consecutive data from the sensors. To
deal with this problem, this paper proposes extended Kalman filter-based vanishing point matching that utilizes a novel
pose correction algorithm in a monotonic environment where robust features for matching are not extracted. In this paper,
the precision 3D map is represented by filtered voxel grids from 3D point cloud data. The experimental results show that
the accuracy of map increases and the proposed matching method is useful for robust 3D mapping in the monotonic

environment using an RGB-D sensor.
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Fig. 1 Data from RGB-D sensor: (a) point cloud, (b) RGB
image, and (c) depth image.

2. REVAT LA

ARAFGECTIRET 2 M A FOR RO EE Fig. 2 1T
T, BV ORBIEEBT — X AV CHiESh, 2
DR, REF1ETH 5 EKF (Extended Kalman filter) (2
HEOKWEER~ T IMtbis. £72, R
BT — 2N BITR 7 BV MERR SN 5.

2.1 BEHETE (localization)

ARFZETIE, visual odometry 7> & OFIEIA SR &,
WRESIEREZBAL, B YORBEHEET L0
EKF % V2%, Visual odometry 1%, 3##id 25 Ei{gN D
BEEAMOELEEZFHEL, 1A TOESEZHET S
FETH Y, AWFZETIE, MIT TBRZE &1 7= Fovis (fast
odometry from vision) 74 77 U Zfi 7 5[3,4]. EKF
TEBET VICL D THRAT v 7, FHIIET LIC X
HHEHAT > F53T b A [E]



L - Motion (3D environment model)
P RTINS model < Extended
Depth image Vanishing point | Measurement | Kalman filter
extraction model ~
: [Mapping] Sensor
Point cloud Local WV _pose
Voxel | Filtered oca Local Map
grid filter ‘point cloud”| 3D mapping "map integration

Fig. 2 Overview of proposed 3D environment modeling.
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Fig. 3 Line-based Vanishing point extraction.
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Fig. 4 Vanishing point-based EKF observation model.
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Fig. 5 Voxel-based 3D mapping: (a), (b) original point
cloud (size: about 300,000 points), (c) and, (d) after
applying voxel grid filter (size: about 20,000 points).
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Fig. 6 Experimental result 1: (a) real environment, and
(b) built environment model with proposed method.
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Fig. 7 Experimental result 2: (a) built environment
model without vanishing point matching, (b) with
vanishing point matching, and (c) comparison of
estimated trajectories.
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