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Abstract: It is proposed to describe the local features 

neighborhood by additional structural elements. These structural 

elements are grouped in the graph. This one captures the image 

structure and to facilitate its analysis. Such graph allows to restore 

the original image. It opens the possibility for conversion of natural 

gray and color images in vector form. 
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1 Introduction 

In recent years, recognition of images have become increasingly popular 

methods for applying the local invariant features. These ones are derived 

using such filters as the DoG and LoG [1-4]. This approach has been 

successfully used for objects tracking, mobile robots navigation, objects 

detection, image description and recognition. 

To define each of local invariant features are used a variety of 

descriptors. They describe the brightness characteristics of the 

neighborhood around its center [1, 5, 6]. As a rule, used neighborhood 

equal to three features scale. This makes it impossible to use such 

descriptors to define the homogeneous objects with a weak texture. Also 

such descriptors do not allow to group local features as belonging to same 

homogeneous area or object. 

In this paper, we propose to describe the local features neighborhood 

by additional structural elements. The nature of these elements is the same 

as that of the local features. It allows not to complicate the basic method 

greatly. These structural elements are grouped in the form of a graph. This 

one captures the image structure and to facilitate its analysis. These 

structural elements allow restoring the original image. It opens the 

possibility for conversion of natural gray and color images in vector form. 

2 The allocation of additional structural elements 

Local invariant features, which form the set E , correspond to the 

extremums of the function ),,( yxD . This function is an original image 
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multiscale representation produced by filters DoG or LoG. Position of the 

extremums determines the center coordinates and scale of the 

corresponding local features. 

Additional structural elements correspond to the extremums in the 

direction of multiscale representation planes, i.e. functions 

),,( constyxD  . These extremums correspond to the lengthy detail. As 

follows from the properties of DoG and LoG such details can be either 

border or lengthy homogeneous regions. 

It is proposed the following procedure for the additional structural 

elements retrieval. In each multiscale representation plane ),,( iyxD   

extremums in the direction are searched. These ones form the set 

)},,({ , jijjj yxppT  . This set is partitioned into disjoint subsets 

},,,,;:{  kj

j

jj ttkjkjTttT  . Each one consists of 

extremums with the same coordinates in the image plane and is arranged 

in a sequence of adjacent planes. These planes are corresponding to a 

sequence of smoothing scales  : 
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where tN  - number of extremums p  in the set t . Each set Tti   forms 

an additional structural element. This structural element is characterized 

by the coordinates ),( ii yx  in the image plane, scale 

 ),,(maxminarg
),,(




yxD

ityxp

extr



  (further - the character scale) and average 

brightness value (further - the character brightness). 

It should be noted that TE  , since the extremum of the function 

),,( yxD  is also an extremum in the direction for ),,( constyxD  . It 

allows to define the local features by additional structural elements 

located in the vicinity of their centers. 

3 Descriptor 

Local features descriptor is formed by additional structural elements. It 

should reflect their relative positions. For this purpose it is used graph. 

Each vertex of the graph is associated with a structural element. The edges 
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of the graph represent the relative positions of structural elements, 

including the neighboring relations between them. Because TE  , some 

of the vertices correspond to local features. Thus, formed graph 

),( TTT

I EVG  defines the whole of the original image. A separate local 

features descriptors correspond to the subgraphs formed by structural 

elements located in their vicinity. 

Connected subgraphs of ),( TTT

I EVG , formed through the 

neighborhood relationships, correspond to the lengthy homogeneous 

regions. It allows to find the structural relationship between the local 

features (accessory one homogeneous area, and other relationships, 

reflecting the structure of images and objects). 

4 Image restoration 

Because each structural element is a region with character brightness and 

center at some point in the image plane, it is possible to restore the 

original image. However, such an image would be devoided of small 

details that are smaller than the initial smoothing scale.  

Since the aim is to investigate the possibility of restoring, it is used 

the most simple way to make it. It draws circles with character scale 

radius and character brightness in the center of each structural element. If 

the circles overlap, the pixels brightness determined by the character 

brightness of a structural element with smaller scale. If the scales are 

equal - the pixel brightness value is averaged.  

Fig. 1 shows the original and restored images. The size of the original 

image is 384x288. The initial value of the scale of smoothing - 4.10  . 

  
 a b 

Figure 1. Image restoration. a) – original image, b) – restored image. 

As seen from Fig. 1, the restored image, as expected, is devoided of 

small details that are smaller than the minimum scale of smoothing. 
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However, visual assessment shows that the result of restoration is not 

much different from the original. 

5 Conclusion 

In this paper it is proposed a method to extract the image structural 

elements. It is based on using the multiscale image representation. This 

representation is constructed by applying DoG or LoG filters. It is the 

same filter as for local invariant features extracting. Thus these structural 

elements define local invariant features neighborhood and relationships. It 

allows to use local features to define a homogeneous objects, i.e. expand 

their capabilities and applicability. Also, it allows to restore the original 

image by applying these elements. It makes possible the conversion of 

natural images into vector form. 
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