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Generally, the geometrical parameters in the conventional image registration system are
estimated by applying only one specific image feature, e.g. salient points, contours, or textures,
such that the computation complexity may be reduced. However, applying only one specific
image feature may be fail for some images because the image characteristics are widely spread
among the various kinds of images. Hence, how to select the image feature to estimate the
correspondences between two images is an important issue in developing the image registration
system. In this project, a feature-based relational graph for the image features is generated to
roughly estimate the correspondence between two images and then the most reliable image
feature is determined to calculate the precise geometrical correspondence parameters.

Keyword: image registration, salient point, contour, texture, feature-based relational graph
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Recently, with the great demand for the intelligent surveillance [1], medical image
processing [2], telemeter image processing [3-4], motion detection and object recognition [5], the
researches of image registration become increasingly imperative. In the conventional image
registration systems, the correspondence parameters are estimated by applying only one specific
image feature, e.g. salient points, contours, or textures, such that the computational complexity
may be reduced.

There are two important issues in developing the image registration system. The first one is
how to select the most reliable image feature to estimate the correspondences between two
images; while the second one is the calculation of the precise correspondence parameters. The
image features may be the salient points, contours, or texture regions. In [3], Hsieh et al. propose
an edge-based method to extract the salient points and then solve the geometrical transformation
parameters between two images. However, this method will be failed when the registration
process is performed on the image pairs with dense texture regions. Hence, Averbuch et al. [6]
proposed a region-based image registration method in which the regions are matched by using the
FFT features. However, this method is sensitive to the rotation process. Furthermore, the
contour-based methods in [4] are proposed to estimate the correspondence parameters between
two images. In [2], Davatzikos et al. apply the region boundary as the image feature to estimate
the image correspondence. However, the above methods will be unable to register the images
with little contour information.

Therefore, applying only one specific image feature may be failed for some images because
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the image characteristics are widely spread among various kinds of images. In this project, a
feature-based geometrical relational graph is generated to select the most reliable image feature
and roughly estimate the correspondence between two images. Then, the most reliable image
feature is applied to calculate the precise correspondence parameters. The block diagram of the
image registration system using the feature-based relational graph is shown in Fig. 1.
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Fig. 1. The block diagram of the image registration system using the feature-based relational graph.
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In this project, a two-stage image matching method is proposed to develop the new image
registration system. Firstly, the geometrical relational graph is applied to estimate the rough
corresponding parameters and then the most reliable image feature is determined. Secondly, the
precise corresponding parameters are determined by measuring the similarity with the most
reliable feature. Here, we will illustrate the experimental results for the two-stage image matching
method.

(a) The image registration using the salient points

Given the image pair shown in Fig. 2-(a), the most reliable feature selected by the matching
process for the two feature-based relational graphs is the salient points shown in Fig. 2-(b). The
similarity measure between the two relational graphs for the image pairs (see Table 1) shows that
the most reliable feature is the salient point. By applying the matched feature pairs shown in Fig.
2-(c) and the matched relational graphs, the rough correspondent parameters may be estimated
(see Table 1). Then, the SVD method is applied to derive the precise image correspondent
parameters s, R and T (see Table 2).

(b) The image registration using the contour feature

Fig. 3-(a) shows a binary aerial image pairs. Firstly, the similarity measure of the feature-based
relational graphs for the image pairs is applied to select the most reliable feature. Table 3
illustrates that the most reliable feature is the contours (see Fig. 3-(b)). By applying the matched
feature pairs shown in Fig. 3-(c) and the matched relational graphs, the rough correspondent
parameters may be estimated (see Table 4). Secondly, based on the contour-based image
registration method mentioned in section 3 and the genetic algorithm, we may calculate the
precise correspondent parameters s, R and T (see Table 4).

(c) The image registration using the reference points of the texture region.

Fig. 4-(a) shows the aerial image pairs. Firstly, the similarity measures of the feature-based
relational graphs for these image pairs are applied to select the most reliable feature. Tables 5
illustrates that the most reliable feature is the texture feature shown in Fig. 4-(b). By matching the
feature-based relational graphs the most reliable feature is determined shown in Fig. 4-(c), and
then the rough correspondent parameters may be estimated (see Table 6). Secondly, based on the
texture-based image registration method and the genetic optimization process, we may calculate
the precise correspondent parameters s, R and T (see Table 6).
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Fig. 2. (a) An aerial image pair. (b) The detected salient points. (c) The matched feature pairs (salient points).

Table 1. The similarity measure for the feature-based relational graphs.

Table 2. The rough and precise correspondent parameters

. 0.9975
-65.0 -63 -62.0000
-68.0 -63 -65.0000

0.0 0.0 0.4770




Fig. 3. (a) Binary aerial image pair. (b) The detected corner points on the contours. (c) The matched feature pairs
(corner points).

Table 3. The similarity measure for the feature-based relational graphs.
Image feature |Salient|Contour|Texture
point
The number of| 6 7 0
matching pairs

Table 4. The rough and precise correspondent parameters.
True Rough Precise
correspondent|correspondent|Correspondent
parameters parameters| parameters

Scale 0.97 1 0.9794
Dx 0 2 -1.3360
Dy 0 2 0.7824

90.3513

(c)
Fig. 4. (2) An scene image pair. (b) The location of the reference points in the detected texture regions. (c) The
matched texture feature pairs.

Table 5. The similarity measure for the feature-based relational graphs.
Image feature |Salient|Contour| Texture
point
The number of| 3 0 13
matching pairs




Table 6. The rough and precise correspondent parameters
True Rough Precise
Correspondent|Correspondent|Correspondent
parameters | parameters | parameters

Scale 1 1 0.9856
Dx 21 17 22.7030
Dy -16 -18 -17.7739

Angle 348 350 347.1019
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By considering as many image features as possible a robust image registration system may
be developed. In this project, multiple image features are acquired via the wavelet transformation
and edge chaining processes and then a feature-based relational graph is constructed to describe
their geometrical relationships. Applying the feature-based relational graph, the correspondence
between two images may be estimated by a two stage matching method. Firstly, the feature-based
relational graph is applied to estimate the rough corresponding parameters and then the precise
corresponding parameters are determined by measuring the similarity for these image features.
The experimental results show that the proposed registration system using the feature-based
relational graph may register the various kinds of images efficiently.
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