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Abstract. An object extraction problem based on the 
Gibbs Random Field model is discussed. The Maxi- 
mum a'posteriori probability (MAP) estimate of a 
scene based on a noise-corrupted realization is found to 
be computationally exponential in nature. A neural 
network, which is a modified version of that of 
Hopfield, is suggested for solving the problem. A single 
neuron is assigned to every pixel. Each neuron is sup- 
posed to be connected only to all of its nearest neigh- 
bours. The energy function of  the network is designed 
in such a way that its minimum value corresponds to 
the MAP estimate of the scene. The dynamics of the 
network are described. A possible hardware realization 
of a neuron is also suggested. The technique is imple- 
mented on a set of  noisy images and found to be highly 
robust and immune to noise. 

1 Introduction 

Image segmentation and object extraction play a key 
role in image analysis and computer vision. Most of the 
existing techniques, both classical (Gonzalez and Wintz 
1977, Rosenfeld and Kak 1982) and fuzzy set theoretic 
(Pal and Dutta Majumder 1986), are sequential in 
nature and the segmented output can not be obtained 
in real time. 

In order to get the output in real time by parallel 
processing, some researchers are trying to develop neu- 
ral network (NN) based information processing sys- 
tems (Hopfield 1984; Hopfield and Tank 1985; 
Kohonen 1989; Rumelhart et al. 1986). Here the basic 
aim is to emulate the human neural information 
processing system, thereby making the system (artifi- 
cially) intelligent. This NN based processing is suitable 
even when information is ill-defined and/or defective/ 
partial. The approach is highly robust and noise insen- 
sitive. 

The use of statistical techniques for modelling and 
processing image data is very common in computer 
vision. A specific example is the use of a Markov 

Random Field (MRF) to model real life images. 
Cohen and Cooper (1983); Derin and Elliot (1987); 
and Geman and Geman (1984); used Gibbs Distribu- 
tion (GD) for characterizing an MRF,  since a Gibbs 
Random Field (GRF) can be viewed as an M R F  for a 
large neighbourhood system (Besag 1974; Kinderman 
and Snell 1980; Splitzer 1971). Most of the above 
mentioned authors use maximization of a'posteriori 
probability (MAP) criterion for segmentation/restora- 
tion of  noisy images modelled as a GRF.  But the 
computation of MAP estimate of the scene in this type 
of problem is very hard. Use of GD for segmentation 
and restoration of a noisy image requires M N1 • 
possible combinations of its structure to be searched to 
get the best possible solution (M = number of discrete 
levels that the random variable can have, N~ x N2 are 
the dimensions of the image). Thus the problem has 
exponential complexity. Normally, in such cases, 
heuristic solutions (Derin and Elliott 1987) are sug- 
gested. Since they cannot be implemented in parallel, 
the output still cannot be obtained in real time. How- 
ever, by using parallel processing and exploiting the 
collective computational abilities of  the NNs, the 
search space can be reduced drastically even after get- 
ting a substantially good solution. 

The present work is an attempt to solve the com- 
putationally hard problem of finding the MAP esti- 
mate of a scene with a Neural Network. An N N  
architecture which is a modified version of that of 
Hopfield's continuous model (Hopfield 1984) is used in 
the proposed work. A single neuron is assigned for 
every pixel. Every neuron is assumed to be connected 
only to its neighbours, which may vary depending on 
the problem. The neurons have negative self feed back. 
The input bias of a neuron is a transformed version of 
the gray level of the corresponding pixel. Simple hard- 
ware able to realize a neuron for this problem, is 
suggested. 

The simulation study was done using a synthetic 
image corrupted by noise, as well as a real (noisy) image. 
The synthetic image was corrupted by adding noise with 
N(0, a2). The results obtained were satisfactory even 


