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Abstract

The watershed transform is an image segmentation algorithm. Im-
age segmentation is the process of partitioning a digital image into
its constituent regions. The watershed transform is used in images
that have the characteristic of containing a heterogeneous and tex-
tured background, making the segmentation difficult. The watershed
algorithm has been used mainly in grayscale image processing. Color
images can be displayed in different color spaces where color is rep-
resented as a vector. To perform a segmentation with the watershed
algorithm by flooding, it is necessary to have an order between pixels,
this order cannot be reproduced naturally in color spaces. The purpose
of this work is to extend the watershed algorithm by flooding for color
images and compare the results of the segmentation with proposed
methods of order for the pixels. For testing the purpose, three study
cases were used. The first case used a microscopic image database
of infected cells with trypanosoma cruzi amastigotes. In this type of
images the color does not represent an important factor for the seg-
mentation, being the intensity of the pixels the most important factor.
With this images, similar results were obtained in color and grayscale
segmentation. In the second study case public images were used, se-
lecting those were the color has an impact in distinguishing between
bodies, in this case better results were obtained in color segmentation.
The third study case used synthetic images to show that the segmenta-
tion in grayscale was not able to segment when the intensity of pixels
doesn’t have any difference. The results show that images where the
color is not a relevant factor for segmentation, similar results are ob-
tained for both grayscale and color images, but in cases where color
is important, better results were obtained performing the watershed
algorithm on color images.

1 Introduction

Morphological Mathematics is a geometric image processing approach, was
developed as a powerful tool for analyzing forms in binary images and
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grayscale [1]. Two basic operations are defined, erosion and dilation. These
are the minimum and maximum respectively. The gradient is the directional
change in the intensity or color of an image. In grayscale images, is trivial to
calculate the gradient because the pixels only have a scalar value and can be
ordered by that value. In chromatic images there is not a natural order to
sort the colors of the spatial coordinates, as they are represented by vectors
of three components (RGB, HSI, YIQ, among others).

The watershed transform is a flexible and efficient technique for image
segmentation. The first to apply the concepts of watershed and divide lines
for image segmentation were Beucher and Lantuejoul [2] and later Meyer
and Beucher [3] proposed improvements to avoid problems such as over-
segmentation.

The problem to solve in this work focuses on the segmentation of im-
ages, which have the characteristic of containing a heterogeneous and tex-
tured background, which makes the work more difficult. In the morpholog-
ical gradient image the outlines of objects are clearly shown but so are the
structures of the background. The implementation of the watershed trans-
form in color images differs from grayscale images because the pixel is not
represented by a scalar value but by a vector of n values, which requires a
new method to compare them.

The main objective of the work is to extend the watershed algorithm
for chromatic images and compare the results of segmentation with different
proposed methods of order for the pixels.

For the tests a subset of 50 images from a public database of the Univer-
sity of Berkley [4], 100 microscopic images of cells infected with amastigotes
of Trypanosoma cruzi and a synthetic image were used. This images were
pre-selected by obtaining the gradient filter [5]. The extension for chromatic
images is based on the algorithm of watershed grayscale described by Vin-
cent and Soille [6], due to the efficiency in the process of flooding and lower
computational cost compared to other implementing the technique [7].

The paper is organized by sections. In Section 2, a brief description of the
basic concepts to consider in the area of image segmentation is presented.
In Section 3, the solution is presented witch includes the color watershed
algorithm and comparison of pixel ordering methods in color images. In
section 4 the results and their evaluation are presented. Finally, in Sections
5 and 6, the conclusions and future works are presented.
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2 Definitions

Segmentation is the process of partitioning digital images in multiple seg-
ments. The goal of segmentation is to simplify and/or change the represen-
tation of an image to make it more meaningful and easy to analyze.

The basic operators erosion (ε) and dilation (δ) can be defined from the
minimum and maximum respectively within a window called structuring
element [8].

Given a window B, represented as the structuring element, and an image
f .

The erosion (ε) of f using B can be defined as:

ε(f,B)(u, v) = min
(s,t)∈B

{f(u− s, v − t) +B(s, t)} (1)

and the dilation (δ) of f using B can be defined as:

δ(f,B)(u, v) = max
(s,t)∈B

{f(u+ s, v + t)−B(s, t)} (2)

The morphological gradient is used in this work, it is defined as the result
of the subtraction between dilation (δ) and erosion (ε) of the image f [9].
The morphological gradients [10] of the image are operators that increment
the variation of the intensity of the pixels in a determined region.

The watershed transformation can be classified under the segmentation
approach based on regions. The watershed algorithm in grayscale images
described by Vincent and Soille [6] performs a flood by levels from the
minimum to the maximum intensity of the pixels of the gradient image.
Low intensity areas are known as basins, from where the water will flow and
flood the entire image; ie, water will flow in each of the basins identified
from the minimum image. The flooding process continues until the waters
of adjacent basins are joined, representing the boundaries of homogeneous
regions with lines, giving the result of segmentation [11].

In some images the presence of a large number of local minima can
be found. This causes over-segmentation of small regions, where many of
the generated regions are not important for the image, or do not repre-
sent objects in the original image. The over-segmentation can be reduced
using methods of improvement as morphological filters. If these methods
do not improve, beside them other ways could be applied to avoid over-
segmentation, one of the most popular is to define markers for each of the
objects of interest.
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The markers are pixels selected by the user where flooding should start,
they are generally local minima, and the markers denote the number of
regions to be obtained after the process. The region growing starts from
markers obtained by the selection of all minimum of the color gradient. A
distance function determines the presence of the color pixels in one region or
another [12]. The process of watershed for chromatic images can be tackled
from different approaches. The use of color information in watershed process
can be possible. For example, processing the watershed in each color signal
and then combine the results [13]. Another possibility is to process the
watershed directly on the color image [5].

The watershed transformation allows to calculate the most important
contours of the image, and can thus select the desired results [5]. In some
cases where grayscale images do not show great variations in intensity be-
tween different bodies, it could be obtained an unexpected segmentation. A
color image could have the same levels of intensity but in different channels,
in which case visually the difference between different bodies can be eas-
ily distinguished. The color is a distinct property among different regions
of an image for which color segmentation can have better results than a
grayscale [14].

Figure 1: (l) Synthetic image, (r)Synthetic image in grayscale

In the Figure 1 shows that the image (l) have the same intensity than
the background but different color to distinguish, in the other hand the
image (r) shows that the grayscale transformation loses information about
the colors and the object is indistinguishable from the background.

3 Watershed by flooding

The implementation of the watreshed algorithm of Vincent and Soille [6] by
flooding, an approach of region growing is proposed starting with the local
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mı́nima of the image. An analogy with geography can be seen, every one of
the topographical relief of the image are flooded with water. The watershed
lines are the division between different basins of water [11].

Selecting markers in the image solves the problem of over segmenta-
tion replacing the local mı́nima by marked pixels that represent objects to
segment in the image [15]. The input of the image are the morphological
gradient of the image and the markers. This markers were manually selected
to testing propose.

At the moment of performing the flooding, a dual relation of order is
maintained between pixels that have been flooded. A pixel with lower in-
tensity must be flooded first, in the same way the pixel neighbors with the
same intensity level must be flooded before continuing with the mentioned
order. Flooding simulation structure need to reproduce the dual order, it
can be obtained using a priority queue. A priority queue allows to return
pixels in the flooding order. Because of this reason this structure is the
base for a optimal and elegant implementation of the watershed lines to be
calculated [5].

Figure 2: (a) Superior Image, (b) Gradient of the image

In the Figure 2 the representation of an image (a) can be seen in grayscale
on a size of 1 x 10 in which the numbers represent the value of a pixel and
the image (b) represent the gradient of the image (a).

The execution of the algorithm of watershed by flooding with markers
is shown for the gradient of the image of the Figure 2. The markers were
placed manually on the pixels (0,0), (0,3) and (0,8). The priority queue
is initialized with the markers, which are inserted according to the level
of the pixel. The initial state of the queue is shown in the Figure 3 with
the labels A, B and C for the markers mentioned before. The basins are
formed starting from this markers and are flooded from the lowers level to
the highest until both basins meet and the watershed line is formed. The
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pixels belonging to the watershed lines are marked with the letter W.

Figure 3: Segmentation Example

The first pixel of the priority queue is processed. The pixels are extracted
from the queues. For each extracted pixel, its neighbors are explored to iden-
tify those that have not been processed yet and insert them in the priority
queue. When a pixel must be inserted in a higher priority that the highest
priority of the existing queues, it means that the queue with the correspond-
ing priority was already processed and eliminated, so in that case you must
insert the pixel in the queue with the highest priority [5].

The proposal of this work is to extend the implementation of this al-
gorithm to color images, using two vectorial ordering methods to compare
with the grayscale method for different study cases. For calculating the
morphological gradient and the ordering of pixels in watershed algorithm by
flooding the lexicographical order was used [12] and the order proposed by
Vázquez et. al. [8] for color images. Color reduction with order proposed by
Vázquez, C = (C1, C2, C3) has made by scalar product of C with a weight
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vector w = (w1, w2, w3), that is:

T (C) =
3∑

l=1

(wl · Cl) (3)

where l is color component index C and wl is the mean of the l color com-
ponent of the image.

Two colors, C = (C1, C2, C3) and C ′ = (C
′
1, C

′
2, C

′
3), with C 6= C ′, could

hace the same transformation, T (C) = T (C ′). Then, the transformation is
used as first component of lexicografical order:

C ≤ C ′ ⇔ [T (C), C1, C2, C3] ≤L [T (C ′), C
′
1, C

′
2, C

′
3] (4)

where ≤L indicates the relation ≤ according to the lexicografical order. The
markers were selected manually for the watershed algorithm by flooding to
avoid the over-segmentation. Some images of each database were discarted
because the gradient doesn’t show objects to segment.

4 Results

The metrics used to evaluate the segmentation are following. Four possible
outcomes can be obtained given the segmentation of an image [16].

• True Positive (TP), pixel belongs to the segmented object and is seg-
mented as such.

• False Positive (FP), pixel which does not belong to the segmented
object is segmented erroneously.

• True Negative (TN), pixel not belonging to the segmented object and
is not segmented.

• False Negative (FN), the pixel belonging to the segmented object and
is not segmented as such.

The metrics used are:

• Sensitivity: The probability of correctly segmenting an object.

Sensitivity =
TP

TP + FN
(5)
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• Specificity: The probability of correctly segment the background.

Specificity =
TN

TN + FP
(6)

• Accuracy: The likelihood that the object or background to obtain a
correct segmentation.

Accuracy =
TP + TN

TP + TN + FP + FN
(7)

4.1 Study Case 1

A database of 100 microscopic images of cells infected with Trypanosoma
cruzi amastigotes in the first study case was used. From the results obtained
with these images can be seen that the main factor in the images to differ-
entiate the bodies between each other and the background is the intensity
of the colors.

Figure 4: Grayscale image

Figure 5: Color image
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In the Figures 4 and 5 the results of the watershed algorithm can be
seen to segmentate a microscopic image of a cell infected with amastigotes
of Trypanosoma cruzi in color and grayscale.

The comparison between the variation in the proposed methodologies
and the segmentation in greyscale can be seen in the Table 1.

Method Images
Used

Accuracy Sensitivity Specificity

Grayscale 91 93,57 25,15 95,68

Vázquez
Method et.
al.

90 92,99 27,65 95,02

Lex. Order 93 93,25 27,44 95,29

Table 1: Results from study case 1

The results in the Table 1 are very similar in color and grayscale images.
This may be because, as mentioned earlier, the intensity is the most impor-
tant distinction of bodies and background in this type of images. Being the
difference of intensity a factor not lost when converting images to grayscale.
There is no advantage in segmentation in color than in grayscale but there
is not a disadvantage as the there is no significant loss in quality.

4.2 Study Case 2

For the second study case 50 images where used from the public database of
Berkeley [4], in which the color being an important factor for differentiating
the bodies and the background can be appreciated.

In the Figures 6 and 7 the results of segmenting a color and grayscale
image with the watershed algorithm are shown. This is one of the exam-

Method Images
Used

Accuracy Sensitivity Specificity

Grayscale 21 88,26 57,93 95,07

Vázquez
Method et.
al.

22 91,14 55,84 98,24

Lex. Order 22 89,94 53,22 97,42

Table 2: Results from study case 2
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Figure 6: Grayscale image

Figure 7: Color image

ples in which the color obtains a result that the grayscale images can not
segmentate.

In the Table 2 the results obtained for the ordering method for color
pixels shown are better than the results in grayscale images.

4.3 Study Case 3

In order to show a clearer example of the importance of color in the seg-
mentation of images test with synthetic images were performed. The images
present the characteristics that result in failed segmentation when performed
in grayscale images.

In the Figure 8 the gradient in color and grayscale from the image of the
Figure 1 are shown.

The Figure 9 shows the results of the watershed algorithm used on the
gradient of the color image on the left and the result of the segmentation
in grayscale on the rigth of the images in the Figure 8. The segmentation
of the grayscale image is incorrect because the image makes no distinction
between the colors that are necessary to distinguish the bodies.
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Figure 8: l) Color gradient r) Grayscale gradient

Figure 9: l) Color watershed r) Grayscale watershed

5 Conclusions

The extension to color of the watershed algorithm allows to improve signifi-
cantly the results of images where the color is a relevant factor to differentiate
the object and not the intensity.

When processing the synthetic image, where the colors of the image
differentiate the bodies to segmentate, the watershed algorithm in grayscale
is not capable to perform the segmentation correctly because there is no
variation in the intensity of the pixels. In those cases where the gradient of
the image does not possess well defined objects the gradient has shown to
be an important factor to perform the segmentation.

Based on the proposed objectives, the work presents the following con-
tributions:

• Extension of the watershed algorithm to color images.

• Comparison of the results from the watershed segmentation of color
images with the different methods of ordering pixels.
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6 Future Works

In the future new methods of ordering pixels can be tested for color images.
The process of selecting the markers to avoid the over-segmentation can be
automatized and the pre-processing of the images can be improved to obtain
a better gradient.

Finally, more databases can be used to observe the behaviour of the
algorithm in other scenarios.
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