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Indirect augmented reality

with motion parallax*

Yuya Nishizaki

Abstract

There has been considerable interest in mobile augmented reality (AR) using
portable devices such as smartphones and tablets because mobile AR can show
images with the combination of real and virtual scenes anywhere. In AR appli-
cations, the geometric registration to accurately place virtual objects is one of
the most essential requirements. However, it is difficult for small devices to con-
duct complex processes for alignment and to use the external sensors for accurate
registration. Jitters between real and virtual scenes caused by such inabilities
decrease realistic sensation in conventional mobile AR systems.

To solve the problem, a method called indirect AR which never produces jitters
has been recently proposed. This method uses a pre-captured omnidirectional
image and superimposes virtual objects on the image in advance. A part of the
composite image is cropped according to the direction obtained by internal sensors
of a device and is presented to a user. However, this method cannot represent the
motion parallax caused by the motion of the device, which give users the feeling
of low realistic sensation.

This thesis proposes a novel indirect AR method that can reproduce motion
parallax depending on the movement of portable devices. It can be achieved

by the combination of a conventional indirect AR technique and free viewpoint

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1451080, March 14, 2016.
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image generation. Our proposed system is divided into an offline stage for prior
data collection and an online stage for real-time video presentation. In the offline
process, images are captured by an omnidirectional camera at multiple points in a
target environment and its dence 3D model is reconstructed using Structure-from-
Motion (SfM) and Multi-View Stereo (MVS) techniques. In the online process,
the relative motion of the camera is estimated and the free-viewpoint image,
which reproduces motion parallax, is generated and presented to users. The
free-viewpoint images are generated by view-dependent texture mapping, which
selects appropriate textures according to the estimated motion of the device.

This study estimates relative camera motion between frames instead of esti-
mating absolute camera poses for which the computational cost is high and the
robustness is low. Because the motion parallax can be produced by object move-
ment in images caused by the relative camera motion. In particular, camera
posture is estimated by a gyro sensor embedded in mobile device and camera
translation is estimated by tracking a small number of feature points in images.
The motion parallax in the image can be reproduced with real-time, low-cost and
high-robustness of the proposed method.

In experiments, we compare the proposed method with the conventional indi-
rect AR to verify the effectiveness of the reproduction of the motion parallax and

to verify the quality of images presented to users.
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