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Abstract. In the paper the problem of General Shape Analysis (GSA) is investigated. It is similar to the recognition and retrieval of shapes. However, 
the analysed shape does not have to belong to any of the template classes. It is only similar to some of them. It may be said that the most general 
information about a shape is here concluded, namely how round, triangular, elliptical, etc. it is. This approach can be useful when an application 
uses only few general base classes. In the paper the Curvature Scale Space (CSS) shape description algorithm is applied to the problem. 
 
Streszczenie. W artykule rozpatrywany jest problem Ogólnej Analizy Kształtu (OAK). Jest on zbliżony do rozpoznawania, a także indeksowania 
kształtów. Jednakże badany kształt nie musi należeć do żadnej z wzorcowych klas. Jest on jedynie podobny do niektórych z nich. Można 
powiedzieć, że w ten sposób wnioskujemy bardzo ogólną informację o kształcie – w jakim stopniu jest on okrągły, trójkątny, eliptyczny, itd. 
Omawiane podejście jest przydatne w zastosowaniach, w których stosuje się kilka podstawowych klas. W badaniach zastosowano deskryptor CSS. 
(Zastosowanie deskryptora CSS w problemie Ogólnej Analizy Kształtu)  
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Introduction 
 In the experiments described in the paper a popular 
shape descriptor, namely Curvature Scale Space, is applied 
to the General Shape Analysis (GSA). From one point of 
view, this problem is very similar to the typical retrieval of 
shapes. However, it is also similar to the shape recognition. 
It applies the template matching approach for the selection 
of the appropriate templates from the database – the most 
similar to the analysed shape. However, in the General 
Shape Analysis a class stored in the template base is 
represented usually only by one object. The number of 
template classes is also strongly reduced (usually this 
number is equal to ten) and the shapes selected to perform 
the role of templates are very general, e.g. square, triangle, 
star, rectangle. Hence, the main goal of the General Shape 
Analysis is not the precise identification of a tested object, 
but the conclusion about a general information about it 
instead [1]. Let us consider the example mentioned few 
sentences earlier. If we store in the template base the 
square, triangle, star, rectangle (and so on) then we can 
conclude in what degree a shape under processing is 
square, triangular, star-like, rectangular, etc. The described 
idea is graphically presented in figure 1.  
 The General Shape Analysis is useful in some specific 
applications, in which the shape analysis can be formulated 
on a higher level of abstraction. An example, investigated 
so far, is the identification of type of a stamp (e.g. official, 
institutional, public) when searching for probable false 
digital documents stored on a hard drive. Some 
experiments on this specific problem were already 
performed and described e.g. in [2]. Another application is 
the usage of the General Shape Analysis in large shape 
databases, where this approach allows for the initial coarse 
classification. In result we can significantly increase the 
speed of the classification. Firstly the shape under 
processing is matched with small number of general 
classes, and later, after selecting one of them, the closest to 
the test object, it is only compared with shapes within this 
smallest class that covers the shapes similar to the 
previously established general class. This process can be 
performed several times and the classes can be more 
detailed at each iteration. The General Shape Analysis can 
be also applied in linguistic shape retrieval. Once more, it 
can serve as a method for speeding up the retrieval of a 
large multimedial database. One can for example use a 
voice command, e.g. “find images with triangular blue 
objects” and the system will provide those images as an 

output. Obviously, the GSA will help in finding the 
appropriate images. 
 
 
 
 
 
 
 
 
Fig. 1. Illustration of the general shape analysis problem – which 
general shape is the most similar to the one being processed? 
 
 The analysis of some basic properties of a shape is not 
a very difficult task, however it is not popular. The most 
comprehensive, theoretical work was done by Paul L. 
Rosin. He analysed for example the rectangularity [3], 
ellipticity and triangularity [4], sigmoidality [5], convexity [6], 
rectilinearity [7], and circularity [8] of a shape. The approach 
presented in this paper can be considered as the opposite 
to the above, since here the similarity of a shape to several 
general templates is investigated. For this purpose any 
shape description technique can be applied. In this paper 
the General Shape Analysis is performed using the 
Curvature Scale Space (CSS) shape descriptor [9], an 
algorithm very popular in object recognition. It can be easily 
found in many practical applications. It was used for 
example in: automatic fitting of digitised contours at multiple 
scales [10], shape-based image retrieval [11], [12] and 
recognition [13], recognition of occluded shapes [14], 
gesture recognition [15], corner detection [16], three-
dimensional object representation and recognition [17], 
image registration [18], motion trajectory-based activity 
classification [19], measuring of the lesion border 
irregularity [20], automatic diatom identification [21], 
smoothing in active contour modelling [22], content based 
video retrieval [23], classification of chrysanthemum leaves 
[24], estimation of the fractal dimension from shape contour 
[25], player gesture recognition in sports video [26], historic 
document image indexing and retrieval [27], and above all, 
it was applied in the MPEG-7 standard [28]. 
 Considering the wide usage and high efficiency of the 
CSS, the goal of the research presented in this paper was 
the evaluation of the method applied to the problem of 
General Shape Analysis. Since the shape as a whole is 
analysed, we can conclude the global character of this 
analysis. 
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 The rest of the paper is organised as follows. The 
second section describes the CSS shape description and 
matching technique. The third section provides the 
experimental results and their discussion. Finally, the last 
section concludes the paper. 
 
Description of the Curvature Scale Space Shape 
Representation 
 The description of the Curvature Scale Space algorithm, 
presented in this section, was based on [26]. The method is 
invariant to rotation, scaling and the location of an object 
within the image. It is also very robust to noise, what results 
from the method of obtaining the shape description. In 
general, the CSS representation is derived using the 
convolution of a path-based parametric representation of a 
curve extracted from the boundary of processed shape with 
a Gaussian function of increasing variance σ2. The zeros of 
curvatures of the convoluted curves are extracted and 
combined in a scale space representation. Those values 
are derived during the evolution of the planar curve 
changed by the expanding Gaussian function. 
 The closed planar curve r is represented parametrically 
for axes x and y using the normalized arc length parameter 
u: 
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 The evolved curve is represented as Γσ: 

(2)         ),,(),,({)(  uuu   

where: 

(3)         ),,()(),(  uguxu   

(4)         ),,()(),(  uguyu   

and: 

 - the convolution operator, 
 g - Gaussian function of width σ, calculated using the 
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 Finally, the CSS image Ic gives in result a multi-scale 
representation of zero crossing points: 

(11)   }.0],1,0[,0),(|),{(   uuuIc  

 The last stage of the descriptor construction is the 
selection of contour maxima locations in CSS image Ic. 
They are used as a representation of a shape. 
 The similarity between two represented objects is 
calculated through matching between two sets of maxima, 
representing them. The method firstly finds any possible 
changes in orientation in one of the two shapes, and then a 
circular shift is applied in order to compensate their 
influence. Later the Euclidean distance is calculated 
between the two sets, indicating the dissimilarity measure. 
 
Results of the Performed Experiment and their 
Discussion 
 The experiment on the application of the Curvature 
Scale Space to the General Shape Analysis problem was 
performed using fifty shapes. They were divided into two 
groups. The first one consisted of ten the most general 
shapes that were the templates. The second group was 
composed of forty test objects. All shapes were stored in 
bitmaps, 200 × 200 pixel size. Both, the templates and test 
shapes, are presented in Fig.2. The templates can be seen 
in the first row, while the shapes from the second to the last 
row were used as the test objects. 

Fig. 2. The division of shapes into 10 templates (first row) and 40 
test objects (rest). 
 

The idea of the test was simple. Each of the forty test 
objects was represented using CSS, and so were the ten 
templates (general shapes). In figure 3 some examples of 
shapes and CSS descriptions obtained for them are 
provided. A very interesting effect can be observed for the 
circle from figure 3. In theory, for the circle the straight line 
should be obtained as a result of the CSS transform. As 
one can clearly see it is not. The description is close to the 
line, influenced by noise. This can be easily explained by 
the discrete character of the shapes within the investigated 
images, and hence - the discretization errors. In order to 
reduce the influence of the scale change between matched 
objects, the descriptions were normalised to the constant 
size (520 x 400). Hence, in figure 3, the CSS curves do not 
have units. Additionally, this operation reduced the problem 
of small local perturbations, as in the discussed case of the 
circle. 
 Basing on the template matching approach, the 
description of a test shape was matched with all the 
descriptions of the templates. The three smallest 
dissimilarity values indicated the general shapes closest to 
a test shape for the algorithm under analysis. Pictorial 
representations of the results as well as the obtained 
dissimilarity values are provided in table 1. 
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Table 1. The results of the experiment and dissimilarity values 
obtained for particular test shapes according to three the closest 
template general shapes. 

 

→  
 

 

→  
1  1625 1636 1743  21  2459  2562 2620

 

→  
 

 

→  
2  1073 1087 1122  22  1750  1794 1898

 

→  
 

 

→  
3  589  628 701  23  1862  1932 2094

 

→  
 

 

→  
4  520  605 633  24  2613  2646 2832

 

→  
 

 

→  
5  726  740 764  25  2058  2097 2200

 

→  
 

 

→  
6  1193  1221 1256  26  2211  2231 2269

 

→  
 

 

→  
7  2420  2452 2453  27  1001  1015 1233

 

→  
 

 

→  
8  2605  2611 2773  28  1193  1312 1316

 

→  
 

 

→  
9  1283  1308 1329  29  1444  1508 1627

 

→  
 

 

→  
10  2282  2308 2335  30  1012  1133 1265

 

→  
 

 

→  
11  1901  1902 2014  31  1203  1208 1217

 

→  
 

 

→  
12  2702  2739 2779  32  1737  1779 1794

 

→  
 

 

→  
13  1945  1970 2199  33  2580  2611 2635

 

→  
 

 

→  
14  2031  2126 2268  34  1622  1716 1939

 

→  
 

 

→  
15  1845 1875 1967  35  1087  1168 1182

 

→  
 

 

→  
16  2289  2400 2453  36  1660  1664 1729

 

→  
 

 

→  
17  2068  2075 2178  37  2364  2372 2564

 

→  
 

 

→  
18  1851  1907 1918  38  1974  1987 2155

 

→  
 

 

→  
19  1269  1345 1430  39  2208  2277 2334

 

→  
 

 

→  
20  1868  1915 1931  40  2540  2597 2746

 
 
 
 
 
 
 
 
 
 
Fig. 3. Examples of shapes used in the experiment (first row) and 
CSS descriptors obtained for them (second row). 
 

Some of the results provided by CSS descriptor applied 
to the problem of General Shape Analysis seem to be 
correct. For example, the turtle (object no. 38) in general is 
round, and the circle was indicated at the first place. Its 
shape has however some additional parts – limbs and a 
head. Hence, we can assume that the second indicated 
template – a star – is proper as well. Another interesting 
example is the flag with the flagpole (object no. 26). The 
algorithm pointed out the square at the first place. Indeed, 
the most important part of the object – the flag – is similar to 
it. Two other objects – the jet (object no. 32) and the space 
shuttle (object no. 33), if rotated, are similar to the indicated 
ellipse. In case of the arrow (object no. 6) selected template 
– the rectangle – definitely seems to be the most similar 
amongst the used general shapes. In some cases (object 
no. 5 – the rectangle with rounded corners, object no.15 – 
the cross, object no. 29 – the trademark, object no. 31 – the 
car, and object no. 36 – the cow) the rectangle was 
indicated at the second place and was definitely similar to 
the tested object. However, the tested shape descriptor did 
not work entirely properly. The circle was the most popular 
result at the first place. Although there are some objects 
similar to this general shape (e.g. object no. 11 – the sun, 
object no. 13 – the Celtic cross, object no. 21 – the heart), 
in most cases that was not correct. Therefore, from this 
point of view, the CSS shape descriptor is not ideal for the 
GSA problem. Some other solutions clearly have to be 
investigated. 
 
Conclusions 

The investigated in the paper problem of General Shape 
Analysis can be applied if the precise identification of a 
shape is not expected, but some general information about 
it is rather desirable, e.g. how triangular, round or elliptical 
an object is. This kind of some general conclusions can be 
useful for example in the coarse classification, performed as 
an initial step in the retrieval within a large database. 
Moreover this process can be performed repetitiously, at 
each step using the more and more precise shapes. 
However, in that case, only the first, initial stage can be 
considered as the General Shape Analysis. The another 
application is the general deduction about a shape. An 
example was mentioned in this paper – the analysis of 
stamps’ shapes extracted from digital documents.  

The General Shape Analysis can be based on the 
typical template matching approach. In this case the same 
algorithms as for shape recognition or retrieval can be used. 
However, the number of the template classes has to be 
small and they have to contain only the most general 
shapes. 

In this paper the Curvature Scale Space, a very efficient 
and popular shape description algorithm, was applied to the 
above-mentioned problem. The results were described in 
the previous section. Generally speaking, they are correct in 
many cases, however, the selection of the circle at the first 
place was in many cases undesirable. Hence, future works 
on the General Shape Analysis include mainly the 
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application of other shape description algorithms to this 
problem in order to find a better method for it. 
 
Wydanie publikacji zrealizowano przy udziale środków 
finansowych otrzymanych z budżetu Województwa 
Zachodniopomorskiego. 
 

REFERENCES 
[1] Frejlichowski D., An Experimental Comparison of Seven Shape 

Descriptors in the General Shape Analysis Problem. In: A. 
Campilho and M. Kamel (Eds.): ICIAR 2010, Part I, Lecture 
Notes in Computer Science, 6111 (2010), 294–305 

[2] Frejlichowski D., Forczmański P., General Shape Analysis 
Applied to Stamps Retrieval from Scanned Documents, In: D. 
Dicheva and D. Dochev (Eds.): AIMSA 2010, Lecture Notes in 
Artificial Intelligence, 6304 (2010), 251-260 

[3] Rosin, P., Measuring Rectangularity. Machine Vision and 
Applications, 11 (1999), iss. 4, 191-196 

[4] Rosin, P., Measuring shape: ellipticity, rectangularity, and 
triangularity. Machine Vision and Applications, 14 (2003), iss. 3, 
172-184  

[5] Rosin, P., Measuring sigmoidality, Pattern Recognition, 37 
(2004), iss. 8, 1735-1744  

[6] Rosin, P., Mumford, C., A symmetric convexity measure, 
Computer Vision and Image Understanding, 103 (2006), iss. 2, 
101-111 

[7] Rosin, P., A two-component rectilinearity measure, Computer 
Vision and Image Understanding, 109 (2008), iss. 2, 176-185 

[8] Zunic, J., Hirota, K., Rosin, P., A Hu moment invariant as a 
shape circularity measure, Pattern Recognition, 43 (2010), iss. 
1, 47-57 

[9] Abbasi S., Mokhtarian F., Kittler J., Shape similarity retrieval 
using a height adjusted curvature scale space image. In: Proc. 
of 2nd International Conference on Visual Information Systems, 
1997, San Diego, USA, (1997), 173–180 

[10] Mokhtarian F., Khim Ung Y., Wang Z., Automatic fitting of 
digitised contours at multiple scales through the curvature scale 
space technique, Computers & Graphics, 29 (2005), iss. 6, 
961–971 

[11] Zhang D.,Lu G., A comparative study of curvature scale space 
and Fourier descriptors for shape-based image retrieval, 
Journal of Visual Communication and Image Representation, 
14 (2003), iss. 1, 39-57 

[12] Abbasi S., Mokhtarian F., Enhancing CSS-based shape 
retrieval for objects with shallow concavities, Image and Vision 
Computing, 18 (2000), iss. 3, 199-211 

[13] Mokhtarian F., Abbasi S., Shape similarity retrieval under affine 
transforms, Pattern Recognition, 35 (2002), iss. 1,31-41 

[14] Mokhtarian F., Silhouette-based occluded object recognition 
through curvature scale space, Machine Vision and 
Applications, 10 (1997), iss. 3, 87-97  

[15] Chang C.-C., Liu C.-Y., Tai W.-K., Feature alignment approach 
for hand posture recognition based on curvature scale space, 
Neurocomputing, 71 (2008), iss. 10-12, 1947-1953 

[16] Zhang X., Lei M., Yang D., Wang Y., Ma L., Multi-scale 
curvature product for robust image corner detection in 

curvature scale space, Pattern Recognition Letters, 28 (2007), 
iss. 5, 545-554 

[17] Mokhtarian F., Abbasi S., Robust automatic selection of 
optimal views in multi-view free-form object recognition, Pattern 
Recognition, 38 (2005), iss. 7, 1021-1031 

[18] Cui M., Wonka P., Razdan A., Hu J., A new image registration 
scheme based on curvature scale space curve matching, The 
Visual Computer, 23 (2007), iss. 8, 607-618 

[19] Bashir F. I., Khokhar A. A., Schonfeld D., View-invariant motion 
trajectory-based activity classification and recognition, 
Multimedia Systems, 12 (2006), iss. 1, 45-54 

[20] Lee T.K., McLean D.I., Atkins M.S., Irregularity index: A new 
border irregularity measure for cutaneous melanocytic lesions, 
Medical Image Analysis, 7 (2003), iss. 1, 47-64 

[21] Jalba A. C., Wilkinson M. H. F., Roerdink J. B. T. M.; Bayer M. 
M., Juggins S., Automatic diatom identification using contour 
analysis by morphological curvature scale spaces, Machine 
Vision and Applications, 16 (2005), iss. 4, 217-228  

[22] Mohanna F., Mokhtarian F., An Efficient Active Contour Model 
Through Curvature Scale Space Filtering, Multimedia Tools 
and Applications, 21 (2003), nr. 3, 225-242 

[23] Dyana A., Das S., Spatio-temporal Descriptor Using 3D 
Curvature Scale Space, In:A. Ghosh, R.K. De, and S.K. Pal 
(Eds.): PReMI 2007, Lecture Notes in Computer Science, 4815 
(2007), 632–640 

[24] Abbasi S., Mokhtarian F., Kittler J., Reliable classification of 
chrysanthemum leaves through Curvature Scale Space, In: 
Bart ter Haar Romeny, Luc Florack, Jan Koenderink and Max 
Viergever, Scale-Space Theory in Computer Vision, Lecture 
Notes in Computer Science, 1252 (1997), 284-295 

[25] Backes A.R., Florindo J.B., Bruno O.M., A Novel Approach to 
Estimate Fractal Dimension from Closed Curves, In: Jiang X. 
and Petkov N., Computer Analysis of Images and Patterns, 
CAIP 2009, Lecture Notes in Computer Science, 5702 (2009), 
253-260 

[26] Roh M.-C., Christmas B., Kittler J., Lee S.-W., Robust Player 
Gesture Spotting and Recognition in Low-Resolution Sports 
Video, In: Leonardis A., Bischof H., and Pinz A., Computer 
Vision – ECCV 2006, Lecture Notes in Computer Science, 
3954 (2006), 347-358 

[27] Maghrebi W., Borchani A., Khabou M.A., Alimi A.M., A System 
for Historic Document Image Indexing and Retrieval Based on 
XML Database Conforming to MPEG7 Standard, In: W. Liu, J. 
Lladós, and J.-M. Ogier (Eds.): Graphics Recognition. Recent 
Advances and New Opportunities, 7th International Workshop, 
GREC 2007, Lecture Notes in Computer Science, 5046 (2008), 
114-125 

[28] Mokhtarian, F., Bober, M.: Curvature Scale Space 
Representation: Theory, Applications, and MPEG-7 
Standardization, 2003 

 
 
Author: 
Dariusz Frejlichowski, Ph.D. Eng., West Pomeranian University of 
Technology, Szczecin, Faculty of Computer Science nad 
Information Technology, Zolnierska 52, 71-210, Szczecin, Poland, 
E-mail: dfrejlichowski@wi.zut.edu.pl.  

 
 
 
 


