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Image Analysis Techniques for a Map Update

System using a Car-Mounted Camera*

Naoko Enami

Abstract

In this thesis, we propose a novel concept of the map information update sys-
tem using normal automobiles with off-the-shelf car-mounted cameras and GPS
location systems.

A car navigation system is important for a smooth car-oriented society. For
accurate navigation, the map should be up-to-date. However, most map infor-
mation is updated on the basis of surveillance fieldwork by a small number of
investigation vehicles, which is expensive and slow. Therefore, if a system could
collect such streetscape information at low cost with automatic change detection,
e.g., check for new buildings or, changed signs, then the map information could
be more efficiently updated.

For an efficient update of the map information, we propose a map information
update system. In order to achieve such a system in reality, solving several
problems such as a image matching and scene change detection are indispensable.

First, we describe the details of the map update system framework. To realize
such a system, we consider the system settings and processing. Moreover, we also
consider the use of image analysis technology for such a system.

Second, we propose a matching method for images captured at different times

and under different conditions. This method starts, by using position information

*Doctoral Dissertation, Department of Information Processing, Graduate School of Infor-
mation Science, Nara Institute of Science and Technology, NAIST-IS-DD0861001, March 30,
2011.
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obtained from the GPS receiver to identify images observed at the same location
from a number of images observed at different times and locations. However,
complete positive identification using only position information is impossible be-
cause off-the-shelf GPS systems have a margin of error of about 15m. We propose
a two-stage matching algorithm, for image matching. The first stage creates pre-
vious and current panoramic images from sequential rectified images. The second
stage compares the current and previous images by feature points that has sev-
eral appealing points such as robustness for changes in illumination and rotations,
and scale invariance to identify as corresponding points. To confirm the effective-
ness of the proposed method, we conducted experiments matching real images
captured under various conditions.

Third, we propose a method to detect scene changes from images captured at
the same location at different times and under different conditions by car-mounted
cameras. Since car-mounted cameras may capture almost the same image in
almost the same location, comparing images captured before and after the change
can detect a scene change. If a region in a newly captured image does not match
with any regions in an old image, this region can be regarded as a changed region
in the scene, i.e., a scene change. A scene changes is detected by the majority
from a change extraction result that are obtained by comparing the new image
with three old images. To perform this comparison first SIFT keypoints are
utilized to obtain the fundamental matrix from the images. Then, a dense region
matching algorithm (i.e., Graph-cuts) with constraint efficiently detects changed
regions between the two images. We evaluated this effectiveness with a large set

of images captured by the car-mounted cameras in real environments.

Keywords:

Car-Mounted Camerald Map Update, Car-Mounted Camera Image Matching[
Change Detection in Streetscapesl] Panoramic Image, SIFT, Graph-cuts
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