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Fig. 6. Automatic registration of Fig. 3(d) and (e). (a) Image of coral reef 2 [Fig. 3(d)]. (b) Image of coral reef 2 [Fig. 3(e)]. (c) Contour extraction from (a).
(d) Contour extraction from (b). (e) Affine invariant features extracted from (a). (f) Affine invariant features extracted from (b). (g) Results of Approach 1.
(h) Results of Approach 2. (i) Results of Approach 3. (j) Results of Approach 4 with appropriate threshold. (k) Results of Approach 4 with relatively loose
threshold.

TABLE III
MATCHING RESULTS OF EXPERIMENT TWO
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Fig. 7. Selection of threshold for RANSAC iterations based on the overlap-
ping ratio in experimental two. (a) Reference contour (violet) and transformed
contour with appropriate threshold (red). (b) Reference contour (violet) and
transformed contour with relatively loose threshold (blue). (c) Changes of
overlapping ratio with progressive RANSAC threshold values.

VI. CONCLUSION

We propose an automatic registration method for remote
sensing images of coral reefs. Since these images have the
characteristics of inadequate and unstable texture features, a
two-stage filtering strategy is used to remove all erroneous
matching pairs. This two-stage filtering process is the main
contribution of this proposed method. The combination of the
two filters plays an important role in the registration of remote
sensing images of coral reefs. From experimental results, the
following points can be drawn.

1) Filter 1, using the constraints of the geometric trans-
formation model, removes the erroneous matching pairs
with obviously inconsistent spatial distributions, which
increases the accuracy of subsequent matching. The accu-
racy of subsequent matching is enhanced after overall
check of the spatial consistency of the matching pairs.

2) Based on the results of Filter 1, Filter 2 can lead to opti-
mized filtering results for image registration, in which the
key is that the appropriate threshold value can be automat-
ically determined based on the overlapping ratio of the
corresponding coral reefs. This threshold is used to fil-
ter all erroneous matching pairs, while retaining as many
correct matching pairs as possible.

The objective of future work is to develop technical approach
for change detection of coral reefs. The use of high-resolution
remote sensing imagery is limited due to its high price. The
integration of multiresolution of remote sensing imagery for
monitoring coral reefs is valuable to be studied.
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