
Mestrado em Engenharia Elétrica  
Processamento de Imagem  
Prof Dr Aristófanes Correa Silva (DEE) 
Prof Dr Alexandre César Muniz de Oliveira  (DEINF) 
  www.deinf.ufma.br/~acmo 
 

1. Objetivo: Pesquisar técnicas heurísticas para segmentação de 
imagens. Aplicações em processamento de imagens compreendendo: 
a. Lógica Fuzzy e Agrupamento 
b. Redes neurais 
c. Heurísticas de busca 
d. Aplicações 

2. Bibliografia: 
a. The Image Processing Handbook – John Russ. IEEE Press 
b. Artigos diversos 

3. Metodologia: aulas expositivas e trabalhos de implementação 



Fuzzy Applications 

 Example 1: Crane Simulation (FuzzyTech) 

 

 Example 2: Fuzzy Segmentation (Nataša Sladoje; 2005. 

Computerized Image Analysis. Lecture 11. Fuzzy Sets.  

 



•  Fuzzy segmentation methods (Nataša Sladoje; 2005. Computerized 

Image Analysis. Lecture 11. Fuzzy Sets.) 

o Objects with fuzzy borders  

 Most of the pixels are easily classified as object pixels, 

or as background pixels  

 Pixels close to the border of the object are more difficult 

to classify  

 We assign to them a fuzzy membership value according 

to the extent of their belongingness to the object area 

coverage approach  

o Region-based methods: 

 Fuzzy thresholding 

 Region growing 

 Object as a fuzzy connected component  

 Segmentation based on clustering 

 



 

•  Fuzzy thresholding (Huang and Wang’s algorithm) 

o Object and background are fuzzy sets with mutually exclusive 

supports;  

o For each tested threshold, a point is assigned either to the 

object, or to the background, with the membership between 

0.5 and 1 

o The closer the intensity of the point to the mean of the region, 

the higher its membership to that region;  

o The threshold is chosen so that the entropy in the image is 

minimized.  

•  Segmentation by region growing 

o intensity homogeneity is often insufficient  

o combine several parameters: 

 difference between intensities  

 gradient  

 size of a region  

 compactness’ and smoothness  

o homogeneity is a fuzzy relation  

 homogeneous  

 partly homogeneous region  

 not homogeneous  



•  Object as a fuzzy connected component  

o fuzzy connectedness combines  

 fuzzy adjacency (close in space)  

 fuzzy affinity (close in terms of intensities)  

o strength of connectedness is assigned to each pair of points  

o the weakest link of the strongest path determines the strength 

of a path  

o the strength of a path determines the strength of connectedness 

between two points  

o object (a fuzzy connected component of a given strength)  

 



•  The fuzzy c-means algorithm generalizes the K-means algorithm, 

allowing for soft segmentations based on fuzzy set theory.  

o One of the problems of the k-means algorithm is that it gives a 

hard partitioning of the data, that is to say that each point is 

attributed to one and only one cluster. But points on the edge 

of the cluster, or near another cluster, may not be as much in 

the cluster as points in the center of cluster 

o Therefore, in fuzzy clustering, each point does not pertain to a 

given cluster, but has a degree of belonging to a certain 

cluster, as in fuzzy logic. For each point x we have a 

coefficient giving the degree of being in the k-th cluster uk(x). 

Usually, the sum of those coefficients has to be one, so that 

uk(x) denotes a probability of belonging to a certain cluster 

 

o With fuzzy c-means, the centroid of a cluster is computed as 

being the mean of all points, weighted by their degree of 

belonging to the cluster 

 

 



o The degree of being in a certain cluster is related to the inverse 

of the distance to the cluster 

o then the coefficients are normalized and fuzzyfied with a real 

parameter m > 1 so that their sum is 1 

o For m equal to 2, this is equivalent to normalising the 

coefficient linearly to make their sum 1. When m is close to 1, 

then cluster center closest to the point is given much more 

weight than the others, and the algorithm is similar to k-

means. 

 

o The fuzzy c-means algorithm minimizes intra-cluster variance 

as well, but has the same problems as k-means, the minimum 

is local minimum, and the results depend on the initial choice 

of weights 



 

 

 



•  Advantages of fuzzy set in Image Analysis 

o Expressing intrinsic fuzziness in images  

o Information preservation 

o Handling blurring, noise and background variation in a more 

robust way than crisp approaches  

o Shape descriptors achieve much higher precision  

o Fuzzy reasoning provides tools for improved image 

interpretation and understanding  

•  Measurements  

o Shape analysis often assumes performing various 

measurements of the shape properties  

o Based on discrete shape representation, we estimate 

measurements of a real continuous imaged shape  

o Estimation of area, perimeter, compactness, moments of 

higher order, signature of a shape all exhibit higher precision 

if estimated from the fuzzy  

•  Disadvantages 

o Takes more computer resources at a given spatial resolution, 

but computers are more and more powerful  

o Fuzzy approach is often a substitute for lacking spatial 

resolution 

o Not trivial for interpretation, especially in higher dimensions  

o Fuzzy image analysis toolbox is far from complete.  

•  Further works on fuzzy set in image 

o Image segmentation  

o Shape analysis 

o Representation and reconstruction 

o Classification  

o Interpretation (image understanding) 



Robust image segmentation using FCM  

•  FCM fails to segment images corrupted by noise, outliers, and other 

imaging artifacts; 

•  There exist problems such as intensity in homogeneity induced by 

the radio-frequency coil in magnetic resonance imaging (MRI) 

•  Non-robust results mainly due to  

o the use of non-robust Euclidean distance and  

o disregard of spatial contextual information in image.  

•  Spatial constraints: 

 

 

o The parameter α in the second term controls the effect of the 

penalty 

o The addition of the second term formulates a spatial constraint 

and aims at keeping continuity on neighboring pixel values 

around xk.  



•  Kernel FCM 

 

 

o Different kernels will induce different measures for the 

original space, which leads to a new family of clustering 

algorithms.  

o If K(x, y) is taken as Gaussian RBF(GRBF) kernel with a=2 

and b=1  

 
o Kernel FCM can be rewritten as:  

 



 



 



 



 

Markov randomized models  

•  Markov random field (MRF) modeling itself is not a segmentation 

method but a statistical model which can be used within 

segmentation methods.  

•  MRFs model spatial interactions between neighboring or nearby 

pixels, which local correlations provide a mechanism for modeling a 

variety of image properties.  

•  In medical imaging, they are typically used to take into account the 

fact that most pixels belong to the same class as their neighboring 

pixels.  

•  In physical terms, this implies that any anatomical structure that 

consists of only one pixel has a very low probability of occurring 

under a MRF assumption.  

•  MRFs are often incorporated into clustering segmentation algorithms 

such as the K-means algorithm under a Bayesian prior model.  

•  The segmentation is then obtained by maximizing the a posteriori 

probability of the segmentation given the image data using iterative 

methods such as iterated conditional modes or simulated annealing.  



 

•  In Figure 3, the number of classes was assumed to be three, 

representing (from dark gray to white) cerebrospinal fluid, gray 

matter, and white matter.   

•  Figure 3b shows the result of applying the K-means algorithm to a 

slice of a MR brain image in Figure 3a and Figure 3c, shows the 

robustness to noise in a segmentation resulting from an MRF prior. 

•  The segmentation is much smoother than the non-MRF result of 

Figure 3b.  

•  A difficulty associated with MRF models is proper selection of the 

parameters controlling the strength of spatial interactions.  

•  Too high a setting can result in an excessively smooth segmentation 

and a loss of important structural details, besides such methods 

usually require computationally intensive algorithms.  

•  Despite these disadvantages, MRFs are widely used not only to 

model segmentation classes, but also to model intensity in 

homogeneities that can occur in MR images and texture properties. 



Artficial neural networks  

•  Artificial neural networks (ANNs) are massively parallel networks of 

processing elements or nodes that simulate biological learning in 

which each node in an ANN is capable of performing elementary 

computations.  

•  Learning is achieved through the adaptation of weights assigned to 

the connections between nodes.  

•  ANNs represent a paradigm for machine learning and can be used in 

a variety of ways for image segmentation.  

•  The most widely applied use in medical imaging is as a classifier, 

where the weights are determined using training data, and the ANN 

is then used to segment new data.  

•  ANNs can also be used in an unsupervised fashion as a clustering 

method.  

•  Because of the many interconnections used in a neural network, 

spatial information can easily be incorporated into its classification 

procedures.  

•  Although ANNs are inherently parallel, their processing is usually 

simulated on a standard serial computer, thus reducing this potential 

computational advantage.  

  

 


