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Abstract 
 
In this paper we present a novel approach to shape similarity estimation. The target application is content-based 
indexing and retrieval over large image databases. The technique is based on wavelet decomposition and uses polygon 
approximation over several scales. This technique uses simple features (aspect ratio, angles, distances from the 
centroid, distance ratios and relative positions) extracted at high curvature points. These points are detected at each 
level of the wavelet decomposition as wavelet transform modulus maxima. The experimental results and comparisons 
show the performance of the proposed technique. This technique is also suitable to be extended to the retrieval of 3-D 
objects. 

Introduction 
 
Since the early 1990s, content-based indexing and retrieval (CBIR) of digital images became a very active area of 
research. Both industrial and academic systems for image retrieval have been built. Most of these systems (e.g. QBIC 
[9] from IBM, Netra from UCSB, Virage from Virage Inc., MUVIS [10, 11] from TUT) support one or more of the 
following options: browsing, searching by example, search based on a single or a combination of low level features 
such as color, shape, texture, spatial layout of objects in the scene and keywords. 
 
In the case of shape, high curvature points are robust features in the sense that they are invariant under translation, 
rotation and scale change [1,2]. Moreover, they provide reliable clues regarding objects even under occlusion and 
varying background levels [3].  Corner-based representation of objects reduces significantly the size of the feature 
vector representing the object-contour, while still keeping mach of the boundary information essential to object 
recognition [7]. Therefore, object recognition techniques based on corner point matching have been used in machine 
vision applications [3, 4]. It can be seen that complexity of the algorithms proposed in [3, 4] increases exponentially as 
the number of candidate objects increases. Therefore, these techniques are not suitable for large image databases where 
thousands of images are involved. 
 
In this context we propose a robust wavelet-based matching algorithm, which is suitable for contour-based object 
matching. Moreover, it is not very sensitive to noise and is invariant to rotation, flipping and scale change. The 
algorithm uses both local and global features and produces a scalar measure for the degree of similarity between two 
shapes. In this proposal the performance of our approach is evaluated for estimating the similarity of natural objects. 
The retrieved images with the proposed approach are compared to those retrieved with the contour scale-space (CSS) 
base technique [8] and to a set of images retrieved by humans. 
 
Wavelet-based feature extraction and matching 
 
Wavelet decomposition provides natural setting for the multi-level image contour analysis. Since wavelet transform 
modulus maxima (WTMM) provide useful information for curvature analysis [6,12], we propose to use it here for fast 
feature extraction. It has been shown in [5, 12] that biquadratic wavelets, proposed by Mallat and Zhong [13], perform 
better than other wavelets for corner detection applications. 
 
First the boundary is tracked and its orientation profile is computed as in [14]. Wavelet transform of the orientation 

profile is computed for dyadic scales from 12  to 62 . WTMM is then computed and scaled with the global maxima at 
the same scale. Only those WTMMs greater than a certain threshold are taken as valid candidates. These events are 
tracked in the lower successive levels to find their exact locations. This procedure is repeated from level six to two.  
 
Fast schemes for narrowing the search space are becoming essential in content-based retrieval systems due to the size 
of databases. Here we used the aspect ratio γ to reduce the search space. Images with error on γ larger than a fixed 



 

 

threshold is discarded. The remaining candidates go through the second step of the retrieval process, where a set of 
low-level features are extracted and compared to those of the query image. These low-level features are the angles 
subtended (at the corners), distances from the centroid (of the contour), distance ratios and the locations of the corner 
points.  
 
Algorithm: 
 
1. Select candidate objects with similar aspect ratios as the query object, 
2. Locate the important high curvature points based on WTMM, for each level of the wavelet decomposition, 
3. Extract a set of low-level features for each of the selected high curvature point, 
4. Compute a similarity score, at each level, between the query image and the image in the database, 
5. The final similarity score is computed as the mean of the scores at each level. 
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l pppL �21=  are the locations of the points on the normalized contour. Similarly we characterize 

the candidate image contour with four vectors, c
lφ , c

lD , c
lR  and c

lL  of length n each.  

Let K  be the number of valid matches for the high curvature point iP  at level l  in the query object contour. A valid 
match is a point with corresponding errors under certain thresholds 
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where errerrerr RD ,,θ  are relative percentage errors on the angle, distance and distance ratio, while errL  is the 
absolute error on the location. The first term in the similarity score indicates the amount of points matched, while the 
second part of it provides information on how good is the match. 
 
Level one is not considered in the matching process in order to reduce the noise effect.  The overall similarity score is 
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To initialize the algorithm, we consider the five most prominent points of the WTMM from each of the query image 
and the target image. And we find the best matching pair of points using the same similarity score as in Equation (1). 
These are used as starting points for the matching process.   

Experimental results 
 
In these experiments we used 1130 fish contour images, (see acknowledgment). In Table 1 and Table 2 we present the 
query image in the top raw first column of each table, and the five most similar images retrieved using the CSS 
algorithm, the proposed algorithm and the matching results of human users.  We found the threshold values 

20,25,35 === RD TTTθ  and 065.0=LT  acceptable. For computation of scores (according to Eq. 1) we 

selected 2.0=α  and 100=β . These values are selected so that the maximum value of ξ  does not exceed 14, so 
it would not have too much effect on the overall similarity score.   
 
The CSS results were obtained from the web-based demo available at:  "http://www.ee.surrey.ac.uk/Research/ 
VSSP/imagedb/dbase2.html". 
 

 
 



 

 

Table 1 
 

CSS Human Proposed algorithm Similarity Scores 
with proposed algo.

 
100 

 
96 

 
87 

 
82 

 
77 

 
Table 2 

 

CSS Human Proposed algorithm Similarity Scores 
with proposed algo.

 
100 

 
90 

 
84 

 
80 

 
77 

 
From the above tables, one can easily see that the proposed algorithm often produces results, which are 
very close to those produced by human users. The produced results are clearly better than those obtained by 
CSS.  



 

 

 

Conclusions 
 
In this paper we proposed a fast and robust retrieval algorithm for contour images. This technique is invariant to 
rotation, scale change and noise corruption. Moreover, it is simple and thus suitable for large databases. We have 
compared this algorithm with scale–space based technique called “CSS” [8] and against results produced by human 
users. Tables 1 and 2 show that the results are encouraging.  
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