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Fast and Accurate Camera Parameter
Estimation Based on Feature Landmark

Database for Augmented Reality*

Takafumi Taketomi

Abstract

Augmented reality (AR) is a technique which enhances the real world by over-
laying virtual objects. In this field, extrinsic camera parameter estimation is
required for geometric registration of real and virtual worlds. To achieve geomet-
ric registration, especially for video see-through augmented reality, vision-based
registration methods are extensively investigated because they can achieve pixel-
level geometric registration. As one of these methods, a feature landmark-based
camera parameter estimation method has been studied to achieve geometric regis-
tration in a large-scale environment. In this method, a feature landmark database
is automatically constructed by using a structure-from-motion technique before
the online camera parameter estimation process is carried out. One of significant
problems in this method is a computational cost for matching process which is
executed to find correspondences between landmarks in a database and natu-
ral features in an input image. Most of conventional methods cannot work in
real-time due to high computational cost for testing a large number of matching
candidates. Additionally, the accuracy of estimated camera parameters is insuffi-
cient for specific applications, which needs to overlay CG objects at the position

close to the user’s viewpoint. This is due to the difficulty in compensation of

* Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0861010, March 10, 2011.
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visual pattern change of close landmarks only from the sparse 3-D information
obtained by structure-from-motion. The aim of this research is achievement of
fast and accurate geometric registration using the feature landmark database. In
this thesis, Chapter 1 gives a perspective of the study on geometric registration
between real and virtual worlds. The conventional feature landmark based cam-
era parameter estimation methods are then reviewed in Chapter 2. In Chapter
3, in order to achieve fast camera parameter estimation, priorities are associated
with landmarks by using previously captured video sequences to discard unreli-
able matching candidates. In Chapter 4, to improve the accuracy of geometric
registration at the spot where CG objects must be placed at the position close
to the user, we newly compensate for visual patterns of landmarks using a dense
depth map obtained by an omnidirectional laser range sensor. To demonstrate
the effectiveness of the proposed method, some AR applications using the pro-
posed method are described in Chapter 5. Finally, Chapter 6 summaries the
presented study.

Keywords:

camera parameter estimation, landmark database, natural features, augmented

reality
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