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Cumulative Error Reduction
Using Aerial Images in Visual SLAM
for Ground-View Video*

Takuya Miyamoto

Abstract

Visual Simultaneous Localization and Mapping (SLAM) methods have been
proposed for Augmented Reality (AR) applications and car navigation systems.
Generally, visual SLAM often suffers from cumulative errors when taking a long
video sequence for a wide area. For this problem, cumulative errors have been
reduced by loop closing, which corrects camera poses from estimated 3D envi-
ronments when camera returns to a previously observed location while taking a
video. However, this method cannot be applied when we do not take the same
scene at least twice. A conventional study of Structure from Motion (SfM) for of-
fline processing corrects a camera poses on the basis of feature matching between
a ground-view video and external references, e.g. like aerial images. However,
since the computational cost of the method is high, it is difficult to apply the
method to applications that requires online processing.

To solve this problem, on the basis of a SLAM method based on feature points,
this thesis proposes a camera pose estimation method that achieves both online
processing and reduction of cumulative errors by using correspondences of edges
between the ground-view video and aerial images. To make correspondences be-

tween a ground-view video and aerial images, the proposed method detects a

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1451105, March 10, 2016.
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ground surface from 3D points estimated by a SLAM method based on feature
points, and transforms each key-frame in the ground-view video to a front-parallel
rectified view (which is referred to as an air-view image). The proposed method
then estimates a camera pose by minimizing both re-projection errors in a fea-
ture point based SLAM method and distances of edges detected from air-view and
aerial images. Using edges for making correspondences between a ground-view
video and aerial images suppresses calculation cost and the proposed method con-
sequently achieves online processing. Experiments demonstrate the effectiveness

of the proposed method by examining the estimation accuracy of camera poses.
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