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Abstract: Recently, robots have been actively utilized for logistics and delivery services in various
places such as restaurants, hotels, and hospitals. In addition, it provides a safer environment, convenience,
and cost efficiency to the customers. However, when it comes to autonomous delivery in a multi-floor
environment, the task is still challenging. Especially for wheeled mobile robots, it is necessary to deal
with elevators to perform the last-mile delivery services. Therefore, we present a multi-floor route
planning algorithm that enables a wheeled mobile robot to traverse an elevator for the delivery service.
In addition, an elevator boarding mission algorithm was developed to perceive the drivable region
within the elevator and generate a feasible path that is collision-free. The algorithm was tested with
real-world experiments and was demonstrated to perform autonomous postal delivery service in a
multi-floor building. We concluded that our study could contribute to building a stable autonomous

driving robot system for a multi-floor environment.
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[Fig. 1] Deployed robot for this study
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[Fig. 2] The integrated navigation map is shown. We aligned
and stacked 3-D point maps to generate an integrated 3-D point
map. A single-floor road-graph was also constructed for route
planning, and it was aligned to build a 2-D road-graph for
multi-floor environments
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[Fig. 3] Challengeable scenarios for the robot in the elevator.
Owing to high-reflectivity of the mirror, sensors can be degraded.
(a): Camera view of the installed optic camera. When deep-
learning-based semantic segmentation is deployed, robot perceives
drivable area in the mirror'?. (b): We illustrated ground truth
elevator area. However, we can see a number of reflected points
out of the elevator. (c): We also deployed mono-depth estimation
using optic camera. However, robot perceived longer depth
from the mirror'*!
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[Fig. 4] Semantic segmentation result and camera-LiDAR fusion
result. (a, ¢): semantic segmentation and segmented point cloud
result of the elevator. (b, d) same result of the reflected robot
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[Fig. 6] Drivable region detection result with cost map. (a): the
robot waiting for the elevator (closed door), (b): getting on the
elevator (open door), (c): got on the elevator (open door), (d):
robot inside the elevator (closed door), and (e): robot inside the
elevator with passengers (closed door)
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[Fig. 8] Various test scenarios for elevator mission. (a)-(d):
forward directional scenarios, (¢)-(f): reverse directional scenarios.
The robot took into account dynamic obstacles without colliding
with them in each scenario

[Table 1] The test scenarios and the number of successful tests
compared to the total number of tests

Test scenario (Robot location) Success / Total
Front 10/10
45 degrees to the left 10/10
45 degrees to the right 9/10
With dynamic obstacles 10 /10
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