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ABSTRACT 

 

Image segmentation is a fundamental process in remote sensing image interpretation. It is the basis of the image 
understanding, such as the region-based change detection for maps updating, the target recognition, and so on [3, 4]. This 
problem can be seen as a pattern classification application by employing a statistical framework, in which Bayesian inference 
has gained wide popularity in most recent research on computer vision. Bayesian inference is a theoretically well-founded 
and conceptually simple approach to data analysis. However, for practical interest, it is infeasible for exactly computations as 
the integrals appearing in Bayesian computations are seldom tractable. Variational Bayes (VB) is one of approximate 
inference techniques, the central idea of which is to fit a simple, tractable distribution to the posterior by variational methods 
[2]. 

Co-training, originally introduced in [1], works in a bootstrap mode. In co-strategy, each feature *
1{ }M N

i iX x is divided into 
several disjoint subsets 1 2( , ,..., )jX X X X , and each subset *

1{ }j j M N
i iX x is enough to learn the targets ( )j j

i if x y . Such a subset 
is called a view. The essence of co-training is that: when initial estimates get stuck to local extrema in one view, other view 
can assist to pull it out. 

Integrated the co-training strategy into VB approach [5], we propose a variational co-training framework (co-VB for short) 
for remote sensing image segmentation.  Image data are characterized by different views and each view is modeled by a 
Gaussian mixture model (GMM). A factorized directed graph representation of the Bayesian mixture of Gaussian model 
under our co-VB framework is illustrated in Fig. 1. 
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Figure 1. Two-view model for graphical representation of the Bayesian mixture of Gaussian model.  

 
Given the observed data *

1{ }M N
i iX x and the latent variable *

1{ }M N
i iZ z , in a Bayesian setting, a variational solution is to 

approximate ( )P Z with a simpler distribution ( )Q Z  if it can provide a lower bound to the log-likelihood, (X) = ln P(X). 
We decompose the (X) = (q) + KL(q||p), where KL(q||p) is the Kullback-Leibler divergence. Inspired by the idea of 
co-training, we can formulate our segmentation model as following in a factorized distribution: 
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Where ( | )j jp and ( )jp  are the conjugate prior. According to the factors ( ) ( )
1

K
q Z q Zi i

i

and ( )jq , for each pixel i, the 

distribution of the indicator ikz  for each component k is obtained: 
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In order to thoroughly assess the co-VB performance, we designed two experiments on the basis of several different sets 
of high resolution optical remote sensing images, including Ikonos images, Quickbird images and Spot-5 images. Some 
segmentation results are shown in Fig. 2. In general, the experimental results confirm the effectiveness of the proposed 
algorithm. Co-VB method shows several advantages over classical single view based methods. 
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Figure 2. Visual comparison of some segmentation results. (a) original image; segmentation results obtained by (b) co-VB method; and 
single-view method with (c) color feature; (d) texture feature; (e) both color and texture feature. 
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