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Image shape matching is prime concern in object recognition and identification methods. the objects

are recognized based on their shape similarity. In this paper an image shape matching method based on
Fourier Mellin (FM) transformation is given. The outline of the given input images are first registered in the same spa-
tial coordination space before comparison. The performance of this method is evaluated by computing overlap simi-
larity and hausdorff distance measures. The experimental result shows that the proposed image comparison method

produces accurate comparison result.

I. Introduction

An image matching is a means of determining the resem-
blance of one image with the other image. Images are
matched based on their shape and texture and it finds va-
riety of applications ranging from image retrieval, object
recognition, remote sensing, image classification, image
analysis and so on. Images are needed to be compared
qualitatively and/or quantitatively to find the similarities.
For qualitative comparison an image may be overlaid
transparently with the other one to visualize the similari-
ties and differences. Quantitative comparison is carried out
with some quantitative measures such as similarity and dis-
tance measures.

In general, image matching techniques are classified
into structure-based [1] [2] and feature-based [3][4]
methods. Structure-based methods compare the shape/
structure and the size of the images, whereas the fea-
ture-based methods examine the image features like
color and texture in addition to size and shape. There-
fore, the image shape and size are the most essential
component in automatic image matching systems. More-
over, the image comparison can not be done directly on
image shapes, it require an image registration process
to align the image within the same coordinate space.
Image registration is one of the fundamental tasks in im-
age matching process. The output of image registration
is a geometrical transformation which is a mathematical
mapping of one image with the other. There are many
image registration methods are available in the literature
[5][6]. Fourier-based image registration method are effi-
cient and accurate to estimate the image transformation
such as rotation, scaling and translation. Fourier-based
method [7] uses information in the frequency domain to
match the images.

The proposed image comparison method uses Fourier
Mellin (FM) [8] [9] transformation to register the image
structure in the same coordinate space. After that the im-
ages are compared by calculating the similarity and dis-
tance measures. The remaining part of the paper is or-
ganized as follows: In section 2, the methodological detail
about the proposed method is described. In section 3, the
experimental results and discussion are given. The conclu-
sion is given in section 4.

Il. Methods

Image matching is a challenging process because of their
varying morphology, size and spatial coordinates. The pro-
posed method aims to compare the image structures after
registering the given two images in the uniform coordinate
space. In this method the input images (Image 1 and Im-
age 2) are first converted into binary form. An image bi-
narization method proposed in [10] is used to convert the
given image into binary image. Then the holes in these
binary images are filled with the hole filling algorithm [11]
that uses morphological reconstruction and are defined by:
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where, & denote the binary image, g, is the marker
image and has 1 on image border and 0 for every where
except border, R .c is a reconstructed image of g
and &y s the hole filled binary image.

After filling the holes in the binary images, it needs to de-
tect the edges in the binary image. This proposed method
compares the shapes of the images and therefore, it is re-
quired to produce the image outline. It uses canny edge
[12] detector to get the image outline. Canny is a well
known edge detector and is still used in research. It uses
a multi-stage algorithm to detect edges in the image. It re-
sults with fine edges after suppressing the noises present
in the image. After detecting the image outline, they are
aligned in the same coordinate space using the image reg-
istration method. To register the image outlines, the FM
transformation technique is applied. FM transformation
uses Fourier transformation, log-polar transformation and
phase correlation methods. The process of image registra-
tion is illustrated in Fig.1.
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Fig. 1: Steps in image registration process

This Image registration method takes two images, base im-
age (outline of Image 1) and reference image (outline of
Image 2) as an input. Discrete Fourier Transformation (DFT)
is then applied on the outline of Image 1 and Image 2 and
is referred as F, and F, respectively. Then the Log-Polar
Transformation (LPT) is applied on F, and F,. The LPT(r, 6)
at any arbitrary point (x,y) is given by:

r=logy Wx—x ) +(y—y.)}) ©
1| y=>x.

X=X,

o=tan )

where, r denotes radial distance from the center(x_y)
) and 6 denotes the angle of rotation. This method uses
base 10 logarithm to obtain the polar coordinates. Then
the phase-correlation method is used to find the transla-
tion and it uses Fast Fourier Domain approach to estimate
the relative translation between two images. Correlating
the magnitude of FMT, it is possible to obtain an image
registration method invariant to translation, rotation and
scaling. The scale and rotation parameters are obtained by
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calculating the cross-power spectrum (R). The cross-power
spectrum (R) of two images f and {1 with Fourier transforms
F and F -is defined as:

where, F ™ is a complex conjugate of F* -. Then the rota-

tion Ax and the scale Ay is computed by:

(Ax,Ay) = arg max (R} 6)

where, (x,y) is the location of the peak in R. After comput-
ing the rotation and scaling parameters, the referenced im-
age is rotated and scaled to register with the base image.

The steps involved in the proposed method are summa-
rized as follows:

Step-1: Read Image 1 and Image 2

Step-2: Convert the images into binary form using the
method given in [9]

Step-3: Fill the holes in the binary images by the Eqns. (1)
and (2)

Step-4: Find outlines in the binary images

Step-5: Apply image registration steps given in Fig.1 to
register the images

Step-6: Compute the similarity and dissimilarity between
the given two images using the overlapping similarity and
the hausdorff distance by the Eqgns. (7) and (8)

A. Image Comparison Evaluation Metrics

The images are quantitatively compared by calculating the
overlapping similarity ratio and hausdorff distance meas-
ures. The overlapping similarity is computed by:

similarity(A,B) = M
T(AUB)

where A and B are the input images and T(X) denotes the
total number of pixels in the image X. The similarity value
lies between 0 to 1. The value O denotes that the images
are completely different and 1 represents the images are
identical.

x100 7)

The dissimilarity of the images is estimated by computing
the distance measures. This proposed method uses haus-
dorff distance to measure the dissimilarity. The hausdorff
distance is the maximum distance of a set to the nearest
point in the other set. Hausdorff distance from set A to set
B is a maximum function and is defined as:

h( A,B)=max rgig {d(a,b) 8)

acAd

where a and b are points of image A and B respectively,
and d(a,b) is the Euclidian distance between a and b.

lll. Result and Discussions

The proposed image comparison method is evaluated by
calculating the similarity and distance measures before and
after registering the images. The selected sample six set
of images labeled 1 to 6 and their corresponding image
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matching results are shown in Fig.2.
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Fig. 2: Output of image comparison, (a) Original Image
1; (b) Original Image 2; (c) Overlapping of Image 1
(green color) and Image 2 (white color) before
registration; (d) Difference of Image 1 and Image 2
before registration; (e) Overlapping of Image 1 (green
color) and Image 2 (white color) after registration; (f)
Difference of Image 1 and Image 2 after registration

In this figure the first two columns (a) and (b) are the input
images. If the input image is a color image then it is con-
verted into gray scale image. The input images are then
converted into binary image to obtain the image outline
because the proposed method aims to find the structural
similarity between the images. The outlines of the images
are overlaid to compare the structural similarity. Fig. 2 (c)
represent the outline of Image 1 (green color) overlaid with
outline of Image 2 (white color) before applying the image
registration method. The differences between the input
images before the registration are shown in column (d) of
Fig. 2. From Fig. 2(d), it is observed that some regions
in image are not properly matched even when they have
similar structure due to their varying spatial coordinates.
To overcome this, the proposed method uses image reg-
istration method based on FM transformation to register
the image structures to lie in the same coordinate space
before comparison. The results obtained after registering
the image are shown in column (e) of Fig. 2. The green
line in Fig. 2(e) represents the outline of Image 1 (base im-
age) and white line in the same figure represents outline
of image 2 (reference image) after registration and the dif-
ferences are shown in Fig. 2(f). Compared to the images in
Fig. 2(d), the images in Fig. 2(f) were compared accurately.

The computed similarity and dissimilarity (distance) using
the Egns. (7) and (8) for the selected images of in Fig. 2
before and after registration are given in Table 1. The Im-
age 6 of Fig. 2 has similar structure with little deviation in
the spatial space (Image 6 of Fig. 2(d)) but the proposed
method accurately registered the images and produced
similarity value as 1 representing 100% similarity and O
distance (that is the dissimilarity) between these images
(Image 6 of Fig. 2(f)). Thus the proposed method has ef-
ficiently compared the given images and has produced ac-
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curate comparison results. The drawback of this method is
that for some images it fails to register the images correct-
ly when the difference in spatial coordinates is high and is
illustrated in Fig. 3.
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Fig. 3: Result of image comparison when the spatial dif-
ference between the image is high; (a) Image 1; (b) Im-
age 2; (c) Overlapping of Image 1 (green color) and Im-
age 2 (white color) before registration; (d) Overlapping
of Image 1 (green color) and Image 2 (white color) after
registration

TABLE I. Computed values of similarity and difference
for the images shown in Fig. 2

image Before Registration After Registration
Similarity |Distance |Similarity |Distance

1 0.59 46.32 0.65 45.54

2 0.77 10.77 0.77 7

3 0.28 22 0.54 12

4 0.27 21.26 0.40 6.4

5 0.78 8.06 0.85 2.82

6 0.94 3 1 0

IV. Conclusion

An efficient image comparison method based on FM trans-
formation is proposed in this paper. This method accurate-
ly compares the two images and computes the overlap-
ping similarity and hausdorff distance. For some images,
the proposed method has failed to produce accurate
result when the spatial difference between the images is
high. This may be avoided in future by modifying the FM
registration or by introducing a new image registration
method. The proposed method compares only the struc-
tural similarities of the images, it may be extended further
to compare the image features.
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