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Abstract:

This paper deals with a detailed study and implementation of watershed algorithms on biomedical images. Here   a study of application of  morphological operations to use watershed algorithms is emphasized. As the biomedical images  like blood cell samples and X-rays are gray scale images   the morphological operations are applied..The binary operations like opening and closing / Erosion and Dilation  are the basic steps involved in this algorithm.The algorithms are implemented using Matlab codes and tested over many samples of images of both X-rays and blodd cell slides.

The results are found to be satisfactory and gave good performance when compared to other types of markers.

Intoduction:

  The watershed transforamation, also known as the lines dividing waters is a power ful tool for image segmentation.Some of the first results were presented by BYLantuejoul .  The basic idea consists of segmenting images by simulating flooding on a tropospheric surface.Drilling a hole at each local minimum performs this process and then slowly sub merging the entire surface in to a lake .The water level rise continuously. Then in order to avoid  water coming form different holes merge, a dam is built at each point of contact.At the end of  the process , the union of all those dams constitutes   the watersheds.This transformation produces an over segmentation of the images.To overcome this problem we use markers. This process predefines the exact regions of image segmentation, i.e. before segmentation ,we must indicate the background and the exact image to be segmented.The success of segmentation depends on the type and quality of markers employed. 
 The normal type of markers used are Kittlers;thresholding,Morphological gradients,Dilarions And Erosions, etc,

Fundamentals:

 Let us consider a gray level image surface S where each gray level can be seen as terrain elevation,and where hills correspond to clear regions  M1(f) and where valleys or basins posses a  single minimum..Suppose that each minimum    is perforated and that we introduce S vertically into a lake,assuming constant speed of descent ,water will  pass through the holes  flooding the surface. During this  flooding ,water coming from two or more minima may collode.This event is to be avoided so dams are constucted where these waters can join.At the end of this process only those dams shall be visible from above.These dams separate different basins Ci(f), each containing a single minimumMi(f)..
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fig1.  Diagram showing the formation of  dam.(topographic flooding).
      Fig 1 shows an  example with two minima  associated to two basins.

It represents the dam built to avoid   the water coming from adjacent basins to join. This analogy is used in this algorithm to perform  segmentation. 
Morphological Operations:
Morphology is a technique of image processing based on shapes. The value of each

pixel in the output image is based on a comparison of the corresponding pixel in the input image with its neighbors. By choosing the size and shape of the ighborhood,

you can construct a morphological operation that is sensitive to specific shapes in

the input image.

The Image Processing toolbox includes many morphological functions that can be used to perform common image processing tasks, such as contrast enhancement, noise removal, thinning, skeletonization, filling, and segmentation.
    This paper illustrates how to use many different morphology functions in

combination to accomplish segmentation.
Algorithm:
1) Start with  reading of image.

2) Perform some pre prpcessing operations.
3) Create disk shaped structurig element.
4) Perform Bottom hat filter.
5) Perform top hat filter.
6) Subtract images to increase Contrast.
7) Complement the object of interest.
8) Detect intensity valleys.
9) Apply watershed  command.
Experimental results:

The watershed algorithms was tested on  Blood cell images. The markers were obtained through morphological Dilation and Erosion  operations.The results obtained were better than the use of edge based segmentation programs. It has the following features.
*  Easy to segment.

*  Gives clear idea about the overlapping  of objects.

*  Results obtained for three kinds of  images are as shown.

*  The Matlab Image processing toolbox  has been employed.

*  The images  tested  were  taken from  patients  of  PSGIMSR (PSG Institute of medical sciences and research, coimbatore.).

The following figs represent  one set of  the results  obtained on blood cell images.
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Conclusion and future work.
It has been shown that good segmentation results can be achieved using watershed algorithms and hence it can form a power ful toolfor biomedical image analysis. The only problem is that it also gives better results.

   Future work include the use of several other types of markers for speeding up the process times as well as the application to real time image analysis.

Acknowledgements.
    The authors would like to thank the support provided by Dr Devanand, Prof &HOD

of Radiology, PSG IMSR ,Coimbatore and Dr Srikanth  in obtaining the  X-ray  images and patient’s history .

References.
[1] Gonzalez R.and  Woods R.Digital image processing,2nd editionAddision Wesley 2002
[2] William K.Pratt. Digital Image Processing, 3rd edition John Wiley &Sons. 2002

[3]D.Hagyard,MRazaz etel  “Analysis of watershed algorithms for gray  scale images”

     proceedings of “IEEE  conf on image procwssing vol 3,pp 41-44 ,1996.  

[4]J.M.Gauch, Image segmentation and analysis via multiscale gradient watersheds.
      IEEE trans on image processing vol 8,pp 69-79,1999.

[5] Matlab manual for image processing—math works publications

Basin





Minima





Dam








