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Elevator Recognition and Position Estimation based on
RGB-D Sensor for Safe Elevator Boarding
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Abstract: Multi-floor navigation of a mobile robot requires a technology that allows the robot to
safely get on and off the elevator. Therefore, in this study, we propose a method of recognizing the
elevator from the current position of the robot and estimating the location of the elevator locally so that
the robot can safely get on the elevator regardless of the accumulated position error during autonomous
navigation. The proposed method uses a deep learning-based image classifier to identify the elevator
from the image information obtained from the RGB-D sensor and extract the boundary points between
the elevator and the surrounding wall from the point cloud. This enables the robot to estimate the
reliable position in real time and boarding direction for general elevators. Various experiments exhibit
the effectiveness and accuracy of the proposed method.
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[Fig. 1] Flowchart of the elevator recognition and position
estimation process
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[Table 1] Performance of object recognition and classification
algorithms

Inception v3|  Alexnet

Top 5-error (%) 5.6 16.4 4.9

Time relative to
Inception v3

Inception-ResNet v2

<others>

<elevator>

[Fig. 2] Images corresponding to elevators and other objects
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[Fig. 4] (a) Sensor data of RGB-D camera and (b) preprocessing
of 3D point cloud
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[Fig. 5] Line extraction and 2D point separation
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[Fig. 6] Elevator edge point extraction according to various
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[Table 2] Specifications of experimental setup

RGB-D sensor

Image size QVGA 30 fps

FOV Horizontal 58°, Vertical 45°
Distance of use 0.8~3.5m

PC

OS/SW platform  |Ubuntu 16.04 / ROS kinetic
Processor Intel i7-756U

Memory 16GB (DDR4 2400 MHz)
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Sensor pose 1 2 3 4 5
[Table 3] Elevator recognition range Az (cm) 12 3.0 03 28 5.4
Sensor pose 1 2 3 Ay (cm) -0.7 1.1 1.5 1.8 0.1
CW/ CCW range 20°/16° 18°/16° 11°/19° Ad () -1.75 -14 0.4 -1.2 -1.1
Sensor pose 4 5 6 Sensor pose 6 7 8 9 avg.
CW/ CCW range 16°/18° 13°/15° 10°/20° Az (cm) 4.3 -5.8 -8.3 9.1 4.5
Sensor pose 7 8 9 Ay (cm) 1.2 44 0.0 1.4 14
CW/ CCW range 9°/15° 9°/20° 15°/14° Ad (°) 0.4 -0.8 -1.6 0.0 1.0
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[Table 5] Sensor orientation after correction

1 2 3
Sensor pose
CW | CCW | CW | CCW | CW | CCW
0, (°) 8.6 1.0 6.1 7.8 35 8.2
4 5 6
Sensor pose
CW | CCW | CW | CCW | CW | CCW
0, (°) 13 26 1 48 1 3.5
7 8 9
Sensor pose
CW | CCW | CW | CCW | CW | CCW
0, (°) 0.8 2.1 0.12 1.7 1.7 6.1
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