
Scanning Microscopy Scanning Microscopy 

Volume 1992 
Number 6 Signal and Image Processing in 
Microscopy and Microanalysis 

Article 28 

1992 

The Watershed Transformation Applied to Image Segmentation The Watershed Transformation Applied to Image Segmentation 

Serge Beucher 
Ecole Nationale Supérieure des Mines de Paris, France, beucher@cmm.ensmp.fr 

Follow this and additional works at: https://digitalcommons.usu.edu/microscopy 

 Part of the Biology Commons 

Recommended Citation Recommended Citation 
Beucher, Serge (1992) "The Watershed Transformation Applied to Image Segmentation," Scanning 
Microscopy: Vol. 1992 : No. 6 , Article 28. 
Available at: https://digitalcommons.usu.edu/microscopy/vol1992/iss6/28 

This Article is brought to you for free and open access by 
the Western Dairy Center at DigitalCommons@USU. It 
has been accepted for inclusion in Scanning Microscopy 
by an authorized administrator of DigitalCommons@USU. 
For more information, please contact 
digitalcommons@usu.edu. 

http://library.usu.edu/










The watershed transformation applied to image segmentation 

(a) Selection of primary points (b) Final result 

Figure 9. Watershed by arrowing: primary divide points (a), final result (b) 
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Figure 10. Simple blobs in a radioactive material (a), topographic surface of the initial function and of the gradient 
image (b), morphological gradient (c), watershed transform of the gradient image (d) 

selected points must be suppressed. These points, in fact, 
cannot be flooded, so they cannot propagate the flood. Doing 
so, we change the arrowing of the neighboring points and 
consequently the graph of arrows. Provided that the 
over-completion of this new graph has been made, some new 
divide points may then appear. The procedure is re-run until 
no new divide point is selected (figure 9). 
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This algorithm produces local watershed lines. The true 
divide lines can be extracted easily. They are the only ones 
which form closed curves. 

Many watershed algorithms exist. They aim at reducing 
the computation time by only taking into account the points in 
the image that need to be modified at each step of the process. 
These algorithms are detailed in [6],[8]. 
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Figure 11. Electrophoresis gel (a), watershed of the gradient image (b),set of selected markers (c), final 
segmentation (d) 

Application to Image Segmentation 

Principle 
The application of the watershed to image segmentation 

will be explained through a didactic example the segmentation 
of single dots in an image (radon gas bubbles in a radioactive 
material) 

The dots in figure I 0a appear as domes with a round 
summit. Each dome has a unique summit. Our problem is to 
find the best contour. 

A solution consisting of simply using a threshold is not 
sufficient because with a low threshold, the lowest domes are 
correctly detected, but the highest domes are much too large. 
A higher threshold, while detecting correctly the higher 
domes, misses the lower 

Since absolute values cannot be used, we may try 
instead the variation of the function, that is its gradient (figure 
lOc) The corresponding gradient image should present a 
volcano-type topography as depicted in figure I Ob. The 
contours of the protein blobs correspond therefore to the 
watershed lines of the gradient image g(f) (figure I 0d). In the 
new image, each dot of the original image becomes a regional 
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minimum surrounded by a closed chain of mountains, like a 
basin. The varying altitude of the chain of mountains expresses 
the contrast variation along the contour of the original dot 
The over-segmentation problem 

We can try to solve a similar problem, the contouring of 
proteins in an electrophoresis gel, by the same procedure 
(figure 11 ). 

Unfortunately, the real watershed transform of the 
gradient, given in figure 11 b, present many catchment basins. 
Each catchment basin corresponds to a minimum of the 
gradient. These minima are produced by small variations, 
mainly due to noise, in the grey values. This 
over-segmentation could be reduced by appropriate filtering. 
But a better result would be obtained if we mark the patterns 
to be segmented before performing the watershed 
transformation of the gradient. Suppose that we mark each 
blob of protein of the figure 11 a. This marking can be 
performed by extracting the minima off. We must also define 
a marker for the background. In order to get a connected 
marker surrounding the blobs, we apply the watershed to the 
initial image. Then, we obtain a set of markers M (figure I le). 
We consider again the topographic surface of the gradient 


