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ABSTRACT 

Motivation: Image segmentation is indispensable in bioimaging applications. Due to the 
complex nature of bioimages, optimization model based methods often give the best 
segmentation results, provided that the underlying optimization problem is solved 
accurately. The Mumford-Shah model [1] is one of the most successful image 
segmentation models. But existing algorithms for the model require a good initial guess 
to obtain good results and are therefore impractical. To make the model practical, it is 
essential to develop an algorithm which can compute the global or near global optimal 
solution efficiently. While gradient descent based methods are well-known to find a 
local minimum only, even many stochastic methods do not provide a practical solution 
to this problem either. 

 

Result: We propose a hybrid approach which combines gradient based and stochastic 
optimization methods to resolve the problem of sensitivity to the initial guess (see Fig. 
1). At the heart of our algorithm is a well-designed basin hopping scheme [2] which 
uses global updates to escape from local traps in a way that is much more effective than 
standard stochastic methods. In our experiments, a very high quality solution is obtained 
within a few stochastic hops whereas the solutions obtained with other standard 
stochastic methods are incomparable even after thousands of steps. We also propose a 
multi-resolution approach to reduce the computational cost and enhance the search for 
the global minimum (see Fig. 2). Furthermore, we derived a simple but useful 
theoretical result relating solutions at different resolutions. 

The proposed method works very well even for images with a high level of noise 
and wide spread intensity levels such as those from live cell microscopy. Moreover, it 
can detect objects without sharp boundary, objects with complex shape and clusters of 
small objects. We validated the method using images obtained from microscopy and 
MRI. The results show that the algorithm can accurately extract useful structures such 
as nuclei, brain tumors and proliferation marker PCNA in the images. 
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Figure 1. Robustness to the initial segmentation. The standard gradient flow using level 
set method is very sensitive to the initial segmentation. The proposed stochastic level 
set method can resolve the problem effectively by combining stochastic and 
deterministic optimization techniques. 
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Figure 2. Convergence rate. The proposed 
stochastic level set method uses a hybrid 
method (stochastic + deterministic) to search 
for a global minimum and uses a multi-
resolution approach to speed up the 
computation. It reaches a much lower energy 
in a smaller number of steps than other 
competitive methods. 
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