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Mobile Robot Control Interface Using

Augmented Free-viewpoint Image*

Yuko Ueda

Abstract

This thesis proposes a novel interface for safely controlling a mobile robot from
a remote site. When controlling a mobile robot from a remote site, human oper-
ator needs to understand the surrounding environment of the mobile robot such
as road conditions and obstacles, using information acquired by sensors mounted
on the robot. Most existing interfaces for controlling remote robot employ a
first-person view, in which the video stream from the camera is presented as is
to a human operator. There are two problems in the first-person view interface;
(1) there exist invisible regions occluded by robot itself and (2) it is difficult for
human operators to accurately estimate the distances between the mobile robot
and obstacles existing around the robot. One approach for these problems is to
show a third-person view image to the operator. However, the occlusion problem
for the front direction of the robot, which is important for the operation, has not
been solved because the observation viewpoint position is fixed behind a robot
in conventional researches. In order to allow human operators to easily recognize
the 3-D environment around the mobile robot, our new interface provides im-
ages of free viewpoint, whose position and orientation is synchronized with those
of operator’s head. Sensors attached on the robot for our new interface are an

omni-directional camera and four range image sensors. A free-viewpoint image is

* Master’s Thesis, Department of Information Science, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-MT1151019, March 12, 2013.
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generated using omni-directional images and 3-D point cloud obtained from these
sensors. The generated free-viewpoint image is presented to the human operator
through a head mounted display where magnetic sensor is attached for measur-
ing the pose of the operator’s head. To verify the effectiveness of the proposed
method, we first have evaluated three types of interfaces with (a) a first-person
view, (b) a third-person view, and (c) a free-viewpoint view, in a simulation en-
vironment. We then have actually built a prototype remote robot control system
with free-viewpoint view interface, for evaluating its effectiveness for safe robot
operation in a real environment. These experimental results demonstrated that
the number of collisions against obstacles was reduced by the proposed inter-
face. From these results, we confirmed that the proposed interface has a clear

advantage over the baseline interfaces in terms of reliability of the operation.

Keywords:

remote control, mobile robot, interface, free-viewpoint image, omni-directional

image sensor, augmented reality
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