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Electrophoresis gel (a), watershed of the gradient image (b),set of selected markers (c), final

lication 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 10a 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
10c). The corresponding gradient image should present a
volcano-type topography as depicted in figure 10b. The
contours of the protein blobs correspond therefore to the
watershed lines of the gradient image g(f) (figure 10d). 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 11b, 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 1la. This marking can be
performed by extracting the minima of f. 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 11c).
We consider again the topographic surface of the gradient




