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Abstract. In this work, there was presented authoring system to exam the medical images by using statistical methods, topological algorithms and 
computational intelligence methods. These methods are used to identify the properties for the images. There was prepared a special e-Medicus 
system to machine learning, analysis and compare data and pictures. The solution shows the architecture of the system collecting and analysing 
data. There was tried to develop an algorithm for level set method (LSM) applied to piecewise constant image segmentation. These algorithms are 
needed to identify arbitrary number of phases for the segmentation problem. The image segmentation refers to the process of partitioning a digital 
image into multiple regions. There is typically used to locate objects and boundaries in images. 
 
Streszczenie. W artykule, został przedstawiony autorski system do badania obrazów medycznych przy użyciu metod statystycznych, algorytmów 
inteligencji obliczeniowej i metod topologicznych. Metody te stosuje się w celu identyfikowania właściwości obrazów. Przygotowano specjalny 
system e-Medicus do uczenia maszynowego, analizy i porównywania danych i obrazów. Rozwiązanie przedstawia architekturę systemu do 
gromadzenia i analizy danych. Opracowano algorytmy oparte na metodzie zbiorów poziomicowych (MZP) jako odcinkowo stałej segmentacji obrazu. 
Algorytmy te są potrzebne do identyfikacji dowolnej liczby faz dla problemu segmentacji, która odnosi się do procesu dzielenia cyfrowego obrazu w 
różnych regionach. Używana jest zwykle do lokalizacji obiektów i brzegów w obrazach. (System e-Medicus do segmentacji i analizy obrazów 
medycznych). 
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Introduction 
 In medical clinical research and practice, imaging has 
become an essential part to diagnose and to study anatomy 
and function of the human body.  The image understanding 
is the process of actually interpreting regions to figure out 
what’s actually happening in the image [1-9, 19]. It may also 
include ultimately making some decision for further actions. 
This paper presents the applications for the medical image 
segmentations. They are not sensitive to light factor, but 
very important for them is a patient motion, because it 
makes many noises and artefacts. Digital X-ray images are 
represented as two-dimensional matrix. The value of each 
pixel determines the amount of X-ray radiations. Despite of 
many advantages of digital radiography (among which 
reduction X-ray on patient, archiving medical results and 
enabling the pre-processing by removing noises or improve 
contrast should be mentioned), no chance remains the fact, 
that recognizing anomalies in tissue is still the responsibility 
of the physician. Segmentation presented in this paper is an 
attempt of such a classification pixel in the image to the 
appropriate groups to receive separate areas as a result 
and thus to locate the disease states of soft tissue [13-16]. 
E-Medicus system consists: 

 artificial intelligence algorithms, 
 segmentation algorithms 
 the framework, 
 agents, 
 topological algorithms 
 databases, 
 visualization systems, 
 the user interface. 

The application can use the following data sources: 
 Electrical Impedance Tomography 
 DICOM  
 Images  
 Databases 

 
Electrical impedance tomography 
 Electrical tomography is an extremely ill-posed inverse 
problem and high resolution imaging would require 
unpractically accurate current injection, voltage 
measurement, low noise levels, and large number of 

electrodes attached to the boundary of the object [17]. In 
electrical impedance tomography electrical currents are 
injected into an object using a set of electrodes attached on 
the boundary of the object and the resulting electrode 
potentials are measured. The conductivity of the object is 
reconstructed as a spatially distributed parameter based on 
the known currents and measured potentials. Electrical 
tomography is an imaging technology in which the electrical 
conductivity of a body is estimated as a spatially distributed 
parameter based on measurements of electrical currents 
and potentials at the boundary of the body. In absolute 
imaging, the conductivity distribution is estimated using a 
single set of potential measurements, during which the 
conductivity is modeled. Applications of EIT include 
monitoring the heart and lungs. Several medical solutions 
have been proposed including lung function monitoring of 
intensive care patients. In medicine, the injected currents 
are small and harmless to the patient. Almost real-time 
imaging with tens of frames per second can be achieved 
with devices small enough to reside by the bedside. This 
makes electrical impedance tomography attractive 
especially for constant monitoring. Figure 1 presents the 
idea of the electrical tomography measurement system. 

 

Fig. 1. The idea of the measurement system 

Image analysis 
The proposed algorithms have been used to real 

pictures with promising results in the medical images 
segmentation. The level set methods have natural flexibility 
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to create various shapes. The segmentation gives good 
results, because the region borders accurately locating the 
object edges. An increasing numbers of iteration the 
quantitative results are better but it is not the principle [10-
12,18,20]. Although, this algorithm as an example of 
supervised classification has a learning set, it does not have 
a classical learning stage, but only a recognition stage, 
which relies on calculating the distance between classified 
point and all the points in training set. Then, the smallest 
distance is selected e.g. there are selected k points which 
lie closed to the classified point. Finally, this point is 
included to the group, to which most of its neighbours were 
included. Authors present also a proposition of application 
for screening of melanocytic lesions based on level set 
methods, k-means clustering, canny based edge detection. 

The formulation for geometric active contour forces the 
level set function to be close to a signed distance function. 
This idea was used to minimization problem in image 
processing. This topological method tracks the motion of an 
interface by embedding the interface as the zero level set of 
the signed distance function. The motion of the interface is 
matched with the zero level set, and the resulting initial 
value partial differential equation for the evolution of the 
level set function. The Bayesian algorithm based on 
Bayesian’s Theorem is another method used to classify 
objects. Also in this case, the number of classes M is 
known in advance and is usually fixed by specialist from the 
area. In turn, the allocating of objects x  to classes takes 
place in an unambiguous manner. Because they can be 
described with plenty of features, before the applying the 
algorithm. It must be first selected only those that are 
significant in terms of the classification. This algorithm, 
for Mj ,...,1 , is determined by the formula: 
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Another algorithm is neural networks MLP (Multi Layer 
Perceptron) to detect changes periapical on digital dental 
images. There were used a collection of 160 images. In 
order to recognize changes on periapical dental digital 
image there was created neural network MLP with eight 
inputs and one output. Number of inputs describes the 
number of descriptors, while the number of outputs is 
determined by obtaining one of two responses: find or not 
find a change of the apical. The network has one hidden 
layer. As a result of learning there was achieved 98% 
effectiveness. The object was described by coefficients: 
surface area, ratio Feret, sphericity factor, compactness, 
the beads and shredding. In addition, two other factors: the 
coefficient of compactness and circularity convex there 
were used to describe the isolated areas, based upon the 
convex shells of these areas. The convex hull algorithm 
there was recovered by Graham. Designated descriptors 
were subjected to a process of normalization.  
 
Results 

Figure 2 shows the original image and the segmentation 
result on 4 clusters using k-nearest neighbour with 

euclidean distance. Figure 3 presents the image 
segmentation by using the level set numerical algorithm 
(looking for areas with specific characteristics). Figure 4 
shows the medical image analysis – Neural Networks: (a) 
original picture, (b) searched object, (c) segmentation – 
Bayes algorithm. Hybrid algorithm (the level set method 
with the fuzzy clustering) was presented in Figure 5. 
 

 
 

 
Fig.2. The original image and the segmentation result on 4 clusters 

using k-nearest neighbour with euclidean distance 
 

 

 
Fig.3. The medical image analysis by the level set method (looking 
for areas with specific characteristics) 
 

Examples below show lung imaging without a change of 
the thorax shape. This test case was done to produce a 
reference case of lung imaging comparing the image 
reconstruction between the Gauss-Newton method and the 
level set method. Figure 6, 8 and 10 present the 
geometrical model lungs and heart with 16 electrodes, 
where (a) the initial model, (b) reconstructed by Gauss-
Newton method, (c) zero level set function, (d) differences 
between the initial object and the final solution, (e) 
reconstructed by the level set method. Figure 7, 9 and 11 
present the objective function for the tested models. 
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a) b) 

   
c)  

 
Fig.4. The medical image analysis – Neural Networks: (a) original 
picture, (b) searched object, (c) segmentation – Bayes algorithm 
 

 
Fig. 5. Hybrid algorithm – LSM and Fuzzy Clustering 
 
a) b) 

 
c)  d) 

 
 
 

e) 

 

Fig. 6. The geometrical model lungs with 16 electrodes: a) the initial 
model, b) the image reconstruction by Gauss-Newton method, c) 
zero level set function, d) differences between the initial object and 
the final solution, e) the image reconstruction by the level set 

 

Fig. 7. The objective function for the model in Figure 6 

a) b) 

 
c)  d) 

 
e) 

 

Fig. 8. The geometrical model heart with 16 electrodes: a) the initial 
model, b) the image reconstruction by Gauss-Newton method, c) 
zero level set function, d) differences between the initial object and 
the final solution, e) the image reconstruction by the level set 
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Fig. 9. The objective function for the model in Figure 8 

a) b) 

 
c)  d) 

 
e) 

 

Fig. 10. The geometrical model lungs and heart with 16 electrodes: 
a) the initial model, b) the image reconstruction by Gauss-Newton 
method, c) zero level set function, d) differences between the initial 
object and the final solution, e) the image reconstruction by the 
level set method 

 

Fig. 11. The objective function for the model in Figure 10 

Summary 
 In medical clinical research and practice, imaging has 
become an essential part to diagnose and to study anatomy 
and function of the human body. The proposed algorithms 
have been used to real pictures with promising results in the 
medical images segmentation. The level set methods and 
the artificial algorithms have natural flexibility to create 
various shapes. The segmentation gives good results, 

because the region borders accurately locating the object 
edges. There was proposed also an approach to EIT image 
reconstruction in cases where the Gauss-Newton and the 
level set methods were implemented. In the proposed 
approach, the conductivity after the change is represented 
as a linear object.  
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