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Abstract. Recognition of objects in pictures

and movies requires the use of techniques,

such as filtering, segmentation and classifica-

tion. Image filtering is required to remove all

artifacts that hinder the unequivocal identifica-

tion and sharpen interesting objects. Segmenta-

tion refers to finding areas of images respected

to individual objects. For the selected areas cor-

responding to objects in the selected picture,

the classification of objects finally gives infor-

mation about the type of object which orien-

tation is made. This paper presents a method

for the classification of objects from drawings

as a bitmap using the method of fundamen-

tal solutions (MFS). The MFS was tested on

the selected bitmap depicting simple geomet-

ric shapes. The correlations between errors oc-

curring on the boundary for particular shapes

are used for the selection of geometric shape

figures. Due to this correlation, it is possible

to recognize the shape of the image appearing

on the drawing by an analysis consisting of the

comparison of recognized points describing the

shape of contour to a database containing so-

lutions of boundary value problems for the se-

lected shape. In one way, the comparison of

the pattern can determine which shape from

database it is most similar to in terms of con-

tour. This article appear that this approach is

very simple and clearly. In result, this method

can be used to recognition of the objects in the

systems of real-time processing.
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1 Introduction

In literature it is possible to find more examples of appli-

cations and methods for the recognition of shapes. In pa-

per [14] authors present a method based on an automatic

control of the image-smoothing strength in the MRF func-

tion to increase the performance of edge-preserving image

smoothing algorithm. In this method the parameter con-

trol of the function depends on the edge magnitude result-

ing from discontinuities of image intensity and good rep-

resentations of strong edges that might be the objects in

the pictures. In [11] authors present different approaches
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to appearance-based object recognition and pose estima-

tion in which images are considered as high-dimensional

feature vectors which are transformed in various manners.

The paper mainly concentrates on the comparison of pre-

processing operations combined with different linear pro-

jections in the context of appearance-based object recog-

nition. The experimental evaluation provides recognition

rates and poses estimation accuracy and finally, based on

a standard image database, the best solution is received by

a transformation to maximise a combination of intra- and

interclass distances. In paper [24], there are presented two

methods for edge detection in multispectral images. They

are based on the use of the self-organizing map (SOM)

and a grayscale edge detector. According to authors, us-

ing these methods it is possible to find more details on the

images which consist of metametric colors.

The most recent algorithms to solve this problem are

based on partial differential equations. Two types of Par-

tial Differential Equation (PDE), parabolic equations and

elliptic equations, are the most widely used ones. The im-

age in painting [3] is based on parabolic equations. Mat-

ting operations [23] are based on the Poisson equation.

One of popular problems in image processing is removing

significant objects from natural images or photographs. In

paper [21] the process of reconstruction of images is re-

alized in two phases. Firstly, the gradient maps in the

removed area are completed through a patch-based filling

algorithm. In the second stage, the image is reconstructed

from the gradient maps by solving a Poisson equation.

A more difficult problem to shape recognition occurs

in the case of the analysis of 3D spaces. One of the

most important examples of image analysis and com-

puter vision in recent years are concerned to face recog-

nition [15]. Fast algorithm for the segmentation of 3D

images is needed in applications such as medicine. In

paper [1] there is presented the framework to describe

3D shapes, based on modeling the probability density of

their shape functions. These functions are conceived to re-

flect the 3D geometrical properties of the shape surfaces.

The densities are modeled as mixtures of Gaussians, each

component being the distribution induced by a mesh tri-

angle. The algorithm like this is characterized a low a

calculation cost and, as a result, is developed exploiting

both the special geometry of 3D triangles with numeri-

cal approximations as well as a transformation technique.

Paper [19] proposes a shape descriptor called Poisson his-

togram in which the Poisson equation is used to define

a 3D shape signature. The result shows that the Poisson

histogram is good for the making of shape descriptors.

The main goal of this article is focused on the problem

of shape recognition for which the contour is described

by the elliptic differential equation. The implementation

of the Poisson equation is used for the formulation of the

boundary value problem, in which the boundary condi-

tions are defined along the considered contour. One of

popular methods to solve this problem is the finite differ-

ence method [17, 21]. The Poisson equation is a class of

partial differential equations which describe a steady-state

temperature distribution in a bounded object. In [5] the

Fourier equation is used for the modeling of image tex-

tures by constructing specific heat source functions and

boundary conditions. The heat source function is consid-

ered as an image transform function, such that a set of

texture features at different frequencies and orientations

is extracted from the transformed image, in conjunction

with the use of a Gabor wavelet filer bank. A better per-

formance of image texture retrieval by these features is

achieved than while using the features extracted directly

from the original image texture. The inhomogeneous

Poisson equation with internal Dirichlet boundary condi-

tions has recently appeared in several applications rang-

ing from image segmentation, image colorization, digital

photo matting and image filtering [10]. The object de-

tection approach based on local shape information, used

the boundary fragment extraction method using Poisson

equation properties is presented in [2]. In paper [8] there
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is presented the algorithm for a segmentation-based detec-

tion. The proposed method assumes that the shape of each

segment is described both by its significant boundary sec-

tions and by regional and dense orientation information

derived from the segment shape using the Poisson equa-

tion. Apart from other methods to solve BVP problems,

the Method of Fundamental Solution (MFS) is a very in-

teresting method. This method is a specific type of Tre-

fftz method, for which the solution is given as linear com-

bination of functions that are the fundamental solution.

For the solution of BVP problems, apart from collocation

points on the boundary, there is required the congregation

of source points outside consideration area.

2 Materials and method

The MFS is a boundary type method suitable for the so-

lution of certain elliptic boundary value problems. The

basic ideas of the MFS were introduced by Kupradze and

Alexidze. In work [22] there was investigated the influ-

ence of the position of source points on the boundary er-

ror. Paper [6] consists of the presentation of the develop-

ment of the MFS and several applications of MFS-type

methods. There are also outlined techniques by which

such methods are extended to certain classes of non-trivial

problems and adapted for the solution of inhomogeneous

tasks.

In the MFS, the problem is defined by the congregation

of collocation points, which are placed around the edge of

a selected object. The number of collocation points may

have any value. For calculation, this method required the

congregation of a source, which can be placed along the

area of consideration, outside this area. The second pop-

ular type of the placement of source points is the method,

for which points are placed along a circle inside which we

can find the area of consideration. The second method is

better for irregular shapes, because the generation of these

points is simpler for concave shapes.

Fig. 1: Placement of source and collocation points in con-
sideration area

The problem of recognition of image objects can be

solved as the Cauchy problem, in which the governing

equation has the form of:

∇2u = g(x, y) in Ω (1)

with boundary conditions:

u = 0 on ∂Ω (2)

The general solution can be obtained as a sum of par-

ticular and homogenous solution:

u = up + uh (3)

The right side of equation (1) is assumed as the func-

tion g(x, y) = −1, and the particular solution must be

fulfilling governing equation. As a result, the particular

solution is obtained from the equation:

∇2up = −1 (4)

As a result of integration of the equation (3) the partic-

ular solution is defined as:

up =
1

4

(
x2 + y2

)
(5)
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The homogenous solution is assumed in the form:

uh =

m∑
i=1

ciLn(ri,j) (6)

where ri,j is defined as distance between source and col-

location points:

ri,j =

√
(xi − xj)2 + (yi − yj)2 (7)

The coefficients ci,j can be determined using the

boundary collocation method. Equation (6) fulfills the

governing equation (1) and must fulfill boundary condi-

tions for all collocation points. The existence condition

of solution for set of equations creating based on equation

(6) for all collocation points is that the number of colloca-

tion points must be equal or greater than number of source

points. If the number of source and collocation points is

equal, finding unknown coefficients ci,j comes down to

solving the system of equations. In case where the num-

ber of collocation points is greater than source points the

solution comes down to finding an approximate solution

in the least square sense.

2.1 Method of normalization

The case in which the shapes are of different sizes the nor-

malization process should be carried out. The method of

normalization is realized in two steps. In the first one, for

shape points, the circle in the least square approximation

is determined.

The circle equation is defined as:

(xi − xs) + (yi − ys) = r2 (8)

Using the substitution λ = −r2 + x2S + y2S the equation

(8) has the form:

−2xixs − 2yiys + λ = −x2i − y2i (9)

The set of equations is created for all shape points

Pi = {(x1, y1), ..., (xi, yi)} for which the unknown val-

ues of xS , yS , λ are calculated. Substitution λ in (9)

makes this equation as linear. The unknown parameters

xS , yS , r defined the center and radius of circle. They are

obtained using least the square method.

In the second step, the pointsPi are scaled to points Qi

for which the radius is equal 1 according to equation:

Qi =

{
x̂i = xs + 1

r (xi − xs)
ŷi = ys + 1

r (yi − ys)
(10)

The scaling method is used to normalization of points

and in the results. The contour described analyzing object

can be compared with objects including in database.

2.2 Image recognition problem

The presented method was used to shape recognition for 8

simple monochrome pictures presented on Fig. 1. To test

has been selected shapes in the form of a bitmap in which

objects are represented by a black pixel color on a white

background. Such statement of object and background

colors allows easy determination of objects edges. It is not

a restriction for presented method, because there is known

edge detection methods allow to definition the outline of

images shot in full color palette.

Fig. 2: Simple figures for recognition

For selection of edges for each picture there was used

the morphological filter called Sobel Edge. Adaptive edge

detection approach based on the image context analysis is

presented in [4]. The experimental results indicate that

both visual evaluations and objective performance evalu-

ations of the detected image in this approach are superior
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to the edge detection. Details and the scheme of proce-

dure is presented by Tsai et al. [25]. The proposed ap-

proach by Tsai, which is far more accurate than the de-

tection scheme, can precisely locate object contours in

the image, especially for complex scenes. This feature,

which is lacking in the edge detection scheme, is of ex-

treme importance to some applications, such as data hid-

ing, watermarking, morph, and pattern recognition. In ad-

dition, the approach can be integrated into a prediction-

based lossless image compression scheme to provide both

the lossless compression codes and edge maps of objects,

which facilitate the image transmission and object recog-

nition for medical diagnoses and other applications. Lin

et. al. [12] puts forward an effective, specific algorithm

for edge detection based on multi-structure elements of

gray mathematics morphology, in the light of a difference

between the noise and edge shape of images. The authors

establishes multi-structure elements to detect edge by uti-

lizing the grey form transformation principle. Compared

to some classical edge detection operators, such as Sobel

Edge Detection Operator, LOG Edge Detection Operator,

and Canny Edge Detection Operator, the experiment indi-

cates that this new algorithm possesses a very good edge

detection ability, which can detect edges more effectively,

but its noise-resisting ability is relatively low. The mor-

phologic edge detection methods using multi-scale ap-

proach for detecting edges of various fineness under noisy

condition is shown in [4], where proposed edge detec-

tor has the desirable properties that a good edge detector

should have. The comparative study reveals its superiority

over other morphologic edge detectors.

One of simple and popular approaches to the edge de-

tection method is connected with the definition of an ob-

jective function [13] which is based on pixels inside the

3x3 mask matrix consisting of neighboring the pixels for

the picture. The values of the objective function corre-

sponding to four directions determine the edge intensity

and edge direction of each pixel in the mask. After all pix-

els in the image have been processed, the edge map and

direction map are generated. The proposed method can

detect the edge successfully, while double edges, thick

edges, and speckles can be avoided.

Fig. 3: Selected contours by Sobel Edge method

In the presented approach to selection of the edges the

Sobel Edge, the morphological filtering method has been

used. After filtering the selected points, with coordinates

equivalent to pixel position on the image, they are used

for normalization.

The normalization process is needed for the possibility

of comparison of each different figures. The examples

of picture (Fig. 3) are characterized as closed loop edges.

The shape points can be written to the hypothetical cycle

defined by the position of the center point and its radius.

The proposed method of calculation of parameters gives

very good results in comparison to a solution based on the

calculation of the average value of coordinates presented

in [20] applied to marker detection.

3 Results

Tabs. 1 and 2 presents solutions for each of 8 pictures. The

first column presents the location source and collocation

points. The second column of the table consists of a graph

of the error on the boundary around the edge. The mean

value of the error depends on a shape. For objects, for

which the shape is convex, the error is lesser.

For each example the obtained solution was used to
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Tab. 1: Error on boundary of particular examples
Kind of shape Error on boundary

solve the error on the boundary in comparison to each of

the other solutions. Tab. 3 presents errors for all eight

shapes. The error on the boundary defining the similarity

of the shape because the MFS method approximate solu-

tion of governing equation on the boundary. As a result,

for the same shapes represented by a set of the points dis-

tributed on similar regions give the minimal solution error

on the boundary in BVP. In theory, for the same shapes,

the error on the boundary should equal 0, but in practice

this value depends on some parameters, such as the shape

of a region, the number of a collocation and source points,

and the placement of source points [9].

The correlations between particular shapes presented

Tab. 3: Correlation between error values for particular
shapes

No Kind of Shapes
1 2 3 4 5 6 7 8

1 0,002 0,117 0,1 1,048 0,19 0,212 0,081 0,099
2 0,094 0,003 0,07 0,071 0,135 0,118 0,053 0,028
3 0,418 0,09 0,009 0,415 0,257 0,231 0,109 0,063
4 0,556 0,077 0,268 0,009 0,416 0,245 0,113 0,14
5 0,489 0,132 0,13 0,605 0,015 0,459 0,608 0,139
6 0,044 0,075 0,089 0,218 0,232 0,051 0,064 0,093
7 0,102 0,054 0,08 0,134 0,172 0,118 0,001 0,049
8 0,121 0,031 0,06 0,105 0,12 0,113 0,05 0,003

in Tab. 3 showed that, for the same shapes, the error on

the boundary is clearly lesser than for other shapes. The

obtained results suggest the proposed method for any to

known shapes from the properly prepared database.
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Tab. 2: Error on boundary of particular examples
Kind of shape Error on boundary

4 Conclusions

The method presented in this article is very useful for

recognition of any object from the pictures. The base of

the proposed method is the definition of a shape recogni-

tion problem as the BVP problem. The proposed method

for solution of BVP is not complicated and relatively fast,

so this method can be used for the recognition of shapes

in the movies in real time. The proposed procedure of

recognition of objects needs a database of known shapes.

For identification of shapes, the contour of objects has

been described by Poisson equation. The method of im-

age recognition has been defined as Boundary Value Prob-

lem and solved by a simple method called the Method

of Fundamental Solution. This method has an advantage

that is computationally undemanding. The comparison of

contours is realized by the calculation of linear combina-

tion of functions representing the solution of the Laplace

equation. Ride side of governing equation was added as

exact solution for the Laplacian equation equal 1. The

adopted method of solving the boundary problem also has

a relatively simple way to perform the image analysis re-

quiring transformation in the form of scaling and rotation.

This transformation, realized only for source points, con-

sequently applicable to pattern shape.

Using a suitable database of known shapes of the an-
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alyzed image can be subjected to a comparison to deter-

mine the similarity. As the degree of similarity the error

of collocation boundary conditions is adopted. The pre-

sented method to compare shapes consisted of the calcu-

lation error at the edge of the contour shows that in case

of the matching shapes pattern for the analyzed image, the

error at the edge is rapidly decreasing. Accordingly, such

an approach seems to be interesting from the point of view

of the application of the image analysis.
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