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In the past ten years, with increasing conveniences of capture devices, decreasing prices of storage
devices, advances of web technologies and increasing interest in visual media from users, the number of
images on the Internet is growing explosively. Internet has become an unprecedented large image library with
billions of images. It is a challenging problem how to analyze and process so many images. Especially for
image matching, it is very difficult to match diverse real images. The thesis aims to present a new matching
approach based on local invariant features to make it more robust to photometric and affine variance. Thus, a

significant focus of the thesis is to investigate the way to improve the descriptive power of local invariant
descriptors. Three main contributions of the thesis are summarized as follows:

1) Propose an effective and efficient local invariant descriptor (PRCS). Local invariant feature can be
robust to photometric and affine variance in an image. There are two steps in extracting local
invariant features: locating interest point (keypoint) by a detector and describing the local patch
around the keypoint through a descriptor. The evaluation experiments performed by Mikolajczyk and
Schmid showed that the ranking of accuracy for different algorithms is relatively insensitive to the
methods employed to locate interest points in images, but depends much on the representation used
to model image patches around interest points. Thus, we pay more attention to descriptor design and

propose an effective local invariant descriptor combining color and luminance information, which
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outperforms some common descriptors such as SIFT.

2) Improve the image matching method based on local invariant descriptors. Image matching methods
based on local invariant descriptors commonly consist of two steps: initial matching and the
elimination of outliers (false matches). The initial matching collects matched keypoint pairs by
computing the similarity between two features. Then, the RANSAC method is generally used to
search for a fundamental matrix which approximately optimally describes the epipolar constraints
between two views of the same rigid scene so that inconsistent matches can be removed. It is just
these two aspects that improve the classic matching method. On one hand, we speed up the initial
matching procedure by dividing the two matching images adaptively according to the density of the
image features. On the other hand, we propose a weighted RANSAC method to improve the
convergence speed of solving the optimized fundamental matrix. In some related comparison

experiments, the speed of our method nearly doubles that of the classic method.

3) Design and implement a navigation simulation system based on the proposed image matching
approach. In the system, we try to overcome the influence of various kinds of variances (e.g,
photometric, scaling and etc.) in images captured from the flying aircraft, and some tricks are
employed to improve the navigation speed. The designed simulation system can smoothly and

real-time implement navigation in some complex environments.

Keywords: Image matching, local invariant features, keypoint, SIFT, PRCS, RANSAC, fundamental matrix,

epipolar constraint, image navigation.
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