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Abstract. The goal of image segmentation is to partition an input
image into a set of regions. In mathematical morphology, the recon-
struction of images from markers has proven to be useful in morpho-
logical filtering and image segmentation. The utilization of a criterion
in the problem of the image reconstruction from an image marker has
been partially treated elsewhere. We further investigate this idea and
extend it to the problem of image reconstruction from labeled markers
by proposing a new method based on the “watershed” transforma-
tion as an alternative in image segmentation. The image gradient is
considered as a topographic relief that is flooded (similarly as in a nor-
mal watershed). However, a criterion is added in this reconstruction
process that enables the flexibility to separate structures of interest.
Following the flooding analogy on topographic reliefs, this flooding
process is limited to certain zones to control the recovering process
of structures shapes. Experimental results are provided. A compar-
ison with a viscous watershed is performed to show the differences
between them. The technique is applied mainly in the biomedical do-
main, although the technique can generally be applied to other areas.
© 2010 SPIE and IS&T. [DOI: 10.1117/1.3491494]

1 Introduction
The segmentation of an image into its significant regions is
a key problem in image analysis. After the image segmen-
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tation process has been performed, it is possible to compute
measures from the extracted regions and to analyze their adja-
cency relationships. For this reason, the segmentation process
is a fundamental step in image data quantitative analysis.

Image segmentation is based on two fundamental princi-
ples: discontinuity and similarity. The edge-based segmenta-
tion is based on the first principle, whereas the region-based
segmentation uses mainly the second principle.

For edge detection, it is assumed that image objects
show small variations (in gray level or color), and that their
edges are characterized by high variations in their neighbor-
hood. Examples of these techniques are the first- or second-
derivative operators, and some morphological operators. On
the other hand, for the detection of regions, an analysis
of homogeneous regions is performed. Some of the most
widely used region-based techniques are binarization based
on thresholds, region growth, region division, and similarity
of textures, in color or gray level.1, 2

Morphology mathematical (MM)3–10 holds on a special
place in image analysis and processing. MM techniques for
image segmentation usually involve the usage of the so-called
markers, which locate the input image significant regions.

The watershed transform11–15 is a segmentation method
that has been developed within the MM framework.
This method shares some similarities with region grow-
ing techniques,16–19 although it uses edge information in
a distinctive way. The watershed transformation operates
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on an input image that is considered as a topographical
surface.

A wide variety of new proposals with different modifica-
tions have arisen from this transformation (e.g., topological
watershed,20 watersnakes,21 viscous watershed22). Among
these proposals, the viscous watershed is one of the most
interesting, and it shares some similarities with the approach
presented in this paper. It introduces a viscosity factor that
modifies the way in which the forms are recovered. This vis-
cosity is applied to the scenario and not to the markers in an
individual manner.

On other hand, the use of reconstruction algorithms in
MM has been successfully used in the stages of image pro-
cessing and analysis. Filters by reconstruction23–30 have be-
come powerful tools that enable us to eliminate undesirable
features without practically affecting desirable ones. These
filters are computed by reconstructing a reference image f
from a marker image g, and they preserve well the shapes of
the marked structures.

A new type of transformations—known as transforma-
tion with a reconstruction criterion—is derived from filters
by reconstruction. A modification of the reconstruction pro-
cess, in particular the inclusion of a criterion, enables us to
control the shape of some structures while preserving con-
tours and the structures of interest. The main feature of these
transformations is that they enable us to obtain intermedi-
ate results between the standard morphological opening (or
respectively, closing) and the opening (respectively, closing)
by reconstruction, and some of their inconveniences can be
avoided.

In this paper, we propose a new segmentation technique
based on the watershed transform that performs an image
reconstruction process with criterion from labeled markers.
The image is considered as a topographical surface that will
be flooded (as in the traditional watershed transform). How-
ever, a criterion is added to the flooding process to attain a
greater flexibility and to control how the image structures
are recovered. Some preliminary results were presented in
Ref. 31. Unlike the viscous watershed, our approach consid-
ers a modified flooding mechanism applied individually to
each involved marker in the reconstruction process.

The paper is organized as follows. Section 2 briefly in-
troduces some basic concepts of the transformation with re-
construction criterion. Section 3 describes some concepts of
the watershed transform. Also, a variation of the watershed
method (the so-called “viscous watershed”) that is related to
our approach is commented on in this section. The statement
of the problem this paper addresses is discussed in Sec. 4.
Section 5 introduces the main ideas behind our approach.
We consider the problem of image reconstruction (with
criterion) using labeled markers in both the binary and the
gray-level case, highlighting the differences with the normal
reconstruction (i.e., where no criterion is employed). In Sec.
6, the proposed strategy is discussed and is compared with
the viscous flooding. Section 7 provides some results apper-
taining to the biomedical domain. Finally, conclusions are
given in Sec. 8.

2 Openings and Closings with Reconstruction
Criterion

Morphological filters are nonlinear transformations that
modify geometric features of images. The basic morpholog-

ical filters are the morphological opening and the morpho-
logical closing with a certain structuring element. In general,
this structuring element is a set that describes a simple shape
that probes an input image. These filters present several in-
conveniences in some situations. In general, if the undesir-
able features are eliminated, the remaining structures will be
changed. On the other hand, filters by reconstruction have be-
come powerful tools that enable us to eliminate undesirable
features without necessarily affecting desirable ones.

From a practical point of view, filters by reconstruction
are built by means of a reference image and a marker image.
These filters enable the complete extraction of the marked
objects while preserving edges. The openings (or, respec-
tively, closings) with reconstruction criteria used in this paper
enable us to obtain intermediate results between the morpho-
logical opening (or, respectively, closing) and the opening
(respectively, closing) by reconstruction and to avoid some
of their inconveniences.

These filters by reconstruction with criterion have been
partially treated in Refs. 32–37. In this paper, we study the
application of the reconstruction criterion to the problem of
the reconstruction of an input image from labeled markers
(or connected components).

The process to build these types of transformations in-
volves the use of a reference image and a marker image as
in the reconstruction case. Thus, a reconstruction process of
a marker image inside a reference image is made (as is the
case in reconstruction transformations), but a reconstruction
criterion is taken into account.

Let f and g be the reference and marker images, respec-
tively. We consider the next propagation criteria:

f ∧ γλδ(g) and f ∨ ϕλε(g). (1)

The first applies to openings, and the second, to closings. We
refer in the following expressions only to the opening case
(dual expressions apply also to the closing case).

Let us remember that, in the normal opening by recon-
struction, the operation used is f ∧ δ(g).

In Eq. (1), the opening γλ plays the special role of a
propagation criterion. We have the following inequality:
g < γλ(g) < δ(g), where g is a marker image.

Using g = γμ( f ) (for λ ≤ μ + 1) as a marker, the open-
ing with reconstruction criterion γ̂λ,μ arises by iterating the
operator σ 1

λ, f {γμ( f ) = f ∧ γλδ[γμ( f )]} until idempotence,
i.e.,

γ̂λ,μ( f ) = lim
n→α

σ n
λ, f [γ μ( f )]

= σ 1
λ, f σ

1
λ, f . . . σ 1

λ, f [γ μ( f )]︸ ︷︷ ︸
until idempotence

. (2)

Note that as in the preceding expressions, an opening γμ

is normally used to compute the marker image, and that
leads to the compact notation of using the symbol γ̂λ,μ for
an opening with reconstruction criterion where the marker
image is γμ( f ). Sometimes, however, another type of marker
is desired, and we can use the γ̂λ,g symbol to refer to an
opening with reconstruction criterion, where g is a general
marker image.

The openings and closings with the reconstruction crite-
rion enable us to control the propagation of the reconstruc-
tion, and they compute outputs that are intermediate between
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those obtained (1) by applying standard (nonconnected) mor-
phological filters and (2) by connected morphological filters.

3 Watershed Concepts
In this section, we introduce some general concepts related
with the watershed transform, which are useful to better un-
derstand the approach described in this paper.

3.1 General Definitions
We consider only digital images in the following. A gray-
level image can be represented by a function f : D → L ,
where D is a subset of Z2, and L is a subset of Z (Z denotes
an integer set).

A section of image f at level i (where f : D → L) is a
set Xi ( f ) defined as Xi ( f ) = {x ∈ D : f (x) ≥ i}. Let M be
a set of D. For every point y of M, we assign the distance
function of y to complementary set C(M) as

∀γ ∈ M, d(y) = dist[y,C(M)], (3)

where dist [y, C (M)] is the shortest distance between y and
one point of C (M).

Let X ⊂ D be a set, and let x and y denote two points of
X . We define the geodesic distance dX (x,y) between x and
y as the length of the shortest path (if any) included in X and
linking x and y (Ref. 13).

Suppose now that M is composed of several connected
components (markers) Mi . The geodesic zone of influence
zX (Mi ) of marker Mi is the set of points of X located at a
finite geodesic distance from Mi that are closer to Mi than to
any other marker M j :

zX (Mi ) = {x ∈ X : dx(x, Mi ) finite,

∀ j 
= i, dx(x, Mi ) < dx(x, M j )}. (4)

The boundaries between the influence zones constitute the
geodesic skeleton by influence zones (SKIZ) of M in X . We
can write

I Z X (M) =
⋃

i

zX (Mi ) (5)

and

SKIZX (M) = X\I Z X (M), (6)

where \ stands for the set subtraction.

3.2 Watershed Transform
A gray-level image can be represented as a topographical
surface: the gray level of each pixel is the elevation at this
point, and the basins and valleys of the relief correspond to
the darkest zones. On the other hand, mountains and crests
correspond to brighter zones.12

The image considered as a topographical surface is not the
original image but its gradient (more specifically the gradient
module of original image). The morphological gradient (like
Beucher’s gradient12, 38) is an operator that approximates the
derivative module; this operator emphasizes the pixel inten-
sity variations within vicinity determined by a structuring
element.

The watershed is normally computed using a flooding
process. If holes are pierced in the topographical surface at
the regional minima locations, and we progressively flood
this surface using different water sources (starting from the

minima of lower altitude), water flows following the surface
relief. Dams are raised at the places where the waters of
different minima meet so to prevent their mixture.

At the end of this flooding procedure, each minimum will
be surrounded by dams that delineate their associated basins.
The segmentation result using this transformation will be the
separation line (or watershed) between different basins.

3.3 Viscous Watershed
This section discusses one variant of the watershed transform
that introduces some shape restrictions and that is, therefore,
related to the technique presented in this paper.

The viscous flooding concept was proposed by Meyer,22

and it can be related to a geophysical analogy originally
commented by Matheron when presenting the morphological
opening.39

If we want to introduce a geometric restriction in segmen-
tation algorithms based on the watershed, one possibility is to
perform a flooding with a “viscous” fluid. Two possible alter-
natives exist. The first option consists of simulating a viscous
flooding for the construction of the watershed line. The work
in Refs. 40 and 41 follow this possibility. The second option
is to modify the relief of the topographical surface, so that
to flood this new relief with a nonviscous fluid produces a
flooding progression similar to that of a viscous fluid over a
nonmodified relief.42–44

The idea suggested in the “viscous watershed” consists in
modifying the topology of the image gradient using a “vis-
cous closing.” Then, a traditional watershed transformation is
applied to the filtered gradient. The advantage of this method
is that we can apply the efficient and fast algorithms of the
traditional watershed.

Viscosity can be dependent on the pressure (for fluids with
physical characteristics like the mercury) or on the temper-
ature (for fluids with physical characteristics like the oil).
Depending on the model used (determined by the fluid char-
acteristics) viscosity changes based on physical conditions.

Figure 1 shows, in a graphical way, the effect of a vis-
cosity diminution on a surface. When the fluid becomes less
viscous, the space that the fluid fills increases. Computa-
tionally, the fluid viscosity is determined by the relation that
exists between the size of used structuring element and the
related physical condition (i.e., pressure or temperature).

For practical purposes, in this paper we work with a fixed
viscosity for all the flooding levels, so that the comparative
with the proposed method will be more comprehensible.

4 Problem Statement and General
Considerations

The problem addressed in this work is the following: To
design a gradient flooding strategy in which a criterion is
imposed at all levels and stages of the flooding. From the
previous statement, it follows that the final segmented shapes
also satisfy such criterion.

The implementation philosophy of our technique origi-
nated from a type of morphological filtering that utilizes a
shape criterion. From the fact that the extracted shapes must
satisfy some size and shape constraints, it ensures that it is
possible that some groups of pixels are not flooded (i.e., they
are not assigned to any catchment basin in the final segmen-
tation). Note that, however, in practice the number of pixels
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Fig. 1 (a) Flooding scenario with a non-viscous fluid; (b), (c), (d), (e) examples of lakes formed by
fluids of increasing viscosity.

left unflooded is very small compared to the total number of
image pixels.

For particle extraction situations (such as those often en-
countered in biomedical image analysis), it is usually unim-
portant that some pixels are not flooded (i.e., that they are left
unassigned). It is important, on the other hand, that shapes
satisfy certain constraints.

5 Reconstruction with Criterion from Labeled
Markers: Binary Case: Binary Case

In this section, we discuss the addition and application of a
criterion on the image reconstruction from labeled markers
problem. The computation of the influence zones associated
with markers, and the differences caused by the added cri-
terion, are analyzed in the binary case. We also consider the
possibility that arises in some situations when some pixels
do not belong to any influence zone.

Later, these concepts are applied to gray-level images. A
modified flooding process is proposed as an alternative for
segmenting regions of interest; in this way, we are able to
extract regions with additional flexibility.

Let PX (x,y) denote the set of paths that link x and y. Such
a set can be the empty set, in particular if x and y belong to
disjoint components of X . We can write the geodesic distance
as

dx(x, y) = ∧{	(r ), r ∈ P X (x,y)}, (7)

dx(x, y) = ∞ if PX (x,y) = 
, (8)

where 	 is the length of the path of points (number of points,
in a digitized space).

Let us suppose that we apply an opening with reconstruc-
tion criterion ŷλ,g (where g is the initial set of markers, i.e.,
g = ⋃

i Mi ) to image X . This affects the geodesic distance
dx(x, y) in the expressions indicated above, and the follow-
ing geodesic distance DX (x, y) relative to the filtered set
must be used instead:

DX (x, y) = ∧{	(r ), r ∈ P γ̂λ,g(X )(x, y)}, (9)

DX (x, y) = ∞ if Pγ̂λ,g(X )(x, y) = 
. (10)

Note that, instead of paths included in X , we are considering
paths included in the filter output γ̂λ,g (X ).

Figure 2 illustrates the DX (x, y) concept. Figures 2(a) and
2(b) display the usual case and the shortest path between a
pair of points x and y that belong to X . Figure 2(c) visualizes
the filter output γ̂λ,g (X ), and Fig. 2(d) displays the shortest
path between x and y that is included in γ̂λ,g (X ). Note that
dx(x,y) is quite different from DX (x,y) in this example.

We now consider the problem of computing the influence
zones associated to a set of markers. The following expres-
sion will define the new ẑ X (Mi ) influence zone of marker
Mi :

ẑ X (Mi ) = {x ∈ γ̂ λ,g(X ): DX (x, Mi ) finite,

∀ j 
= i, DX (x, Mi ) < DX (x, M j )}. (11)

Fig. 2 Differences regarding the shortest path: (a) Original image
X; (b) shortest path between a pair of points x and y that belong to
X; (c) filter output γ̂λ,g (X); (d) shortest path between x and y that is
included in γ̂λ,g (X).

Journal of Electronic Imaging Oct–Dec 2010/Vol. 19(4)043001-4



Vargas-Vázquez et al.: Reconstruction with criterion from labeled markers: new approach based on the morphological watershed

Fig. 3 New influences zones relative to the filtered set: (a) Input set
with two markers M1 and M2; (b) influence zone of M1; (c) influence
zone of M2; (d) influence zones of both markers (M1 or M2 ).

The following figures illustrate the computation of
ẑ X (Mi ). Figure 3(a) displays an input set with two markers
M1 and M2. Figures 3(b) and 3(c) visualize, respectively, the
influence zones of M1 and M2, considering that there is only
one marker (M1 or M2). The shape criterion of the recon-
struction has caused that some pixels located at the corners
do not belong to the M1 or M2 influence zones.

Figure 3(d) shows the influence zones of both markers.
Note that there are some (a few) points at the right corner in
Fig. 3(d) that do not belong to any influence zones, but that
are included in the influence zones in Figs. 3(b) or 3(c). The
reason is that there are some pixels that belong to γ̂λ,g(X )
when g = M1 or g = M2, but not when g = M1

⋃
M2.

6 Proposed Strategy
This section discusses our proposed strategy to flood labeled
markers using a reconstruction criterion for gray-level im-
ages. Before that, it is necessary to look through the viscous
flooding technique to understand the differences between
both approaches.

6.1 Viscous Watershed
As mentioned in Sec. 3.3, the topographical relief can be
modified to simulate the viscous flooding. To achieve that ef-
fect, the relief will be filtered using a morphological closing
ϕλ(where λ denotes the structuring element size). Particu-
larly, for simplicity purposes and to facilitate comparisons,
it is used a structuring element with the same size in all the
flooding stages to modify the relief for all levels, i.e., the
viscosity stays invariable in each level.

The gradient to be flooded is the result of the following
operation:

ϕ∗( f ) = ϕλ[I ∗(G( f ))], (12)

where I ∗ is the conventional operator to impose minima45

(if desired), and G( f ) is the gradient operator applied to the
original image f .

After discussing our strategy in the next section, in Sec. 6.4
we treat the precise differences between the viscous flooding
and our approach.

6.2 Reconstruction with Criterion from Labeled
Markers: Gray-Level Case

The alternative commented in the previous section partially
reaches in a certain way the objective stated in Sec. 4. How-
ever, it does not solve exactly the problem addressed in this
work.

In the following, a strategy that solves the stated problem
is discussed. We will apply the concepts commented for the
binary case in Sec. 5 to the gray-level case in this section.
The input image is considered as a topographical relief that is
flooded, as in the standard watershed. We discuss next the ex-
pressions of this modified flooding process, which proceeds
level by level.

The general schema of the gray-level case of the recon-
struction with criterion is displayed in the next pseudocode:

For h = hmin + 1 to h = hmax

//For all sections at level h to f :

g = Xh−1

//The set of all catchment basins at level h are computed
as follows:

ẑ A (CBh (Mi )) = {
x ∈ γ̂λ,g (A) : DA (x, (CBh (Mi )))

finite, ∀ j 
= i, DA(x, (CBh(Mi )))<DA(x, (CBh(M j )))}
Xh = ẑ A(CBh(Mi ))

h = h + 1

Let hmin(hmax, respectively) be the smallest value (great-
est value, respectively) of the gray-scale input image f
within its domain D f . Let CB (M)be the basin associated
with minimum M , and CBh (M) the set of all the points
of the basin that have an altitude less than or equal to h,
that is,

CBh(M) = {p ∈ CB(M)| f (p) ≤ h}
= CB(M) ∩ T h( f ), (13)

where Th ( f ) denotes a thresholding transformation, with a
threshold value equal to h.

Consider now Xh the subset of all basins with a gray-scale
value less than or equal to h:

Xh = ∪i CBh(Mi ). (14)

The influence zones relative to the filtered set, as well as
how to compute them, are introduced in Sec. 5. According to
those previous definitions, we consider the catchment basins
associated to the Mi markers set for each level section in the
gray-level case. That is, each level is treated separately, and
the influence zones for each catchment basin are considered
in a similar manner to the binary case:

ẑ A[CBh(Mi )] = {x ∈ γ̂ λ,g(A) : D A{x, [CBh(Mi )]} finite,

∀ j 
= i, D A{x, [CBh(Mi )]} < D A{x, [CBh(M j )]}, (15)
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Fig. 4 (a) Original image; (b) gradient operator over the original image (markers are high-lighted in
white); (c) result of a standard watershed (Beucher-Meyer’s method); (d) result of a modified flooding
with γλ, where λ=1; (e) the same, where λ=2; (f) the same, where λ=3; (g) the same, where λ=4; and
(h) the same, where λ=5.

where g = ⋃
i CBh (Mi ) = Xh and A is a mask level defined

as

A = MASKh( f ) =
{

MAX VALUE ∀x : f (x) ≤ h
0 otherwise, (16)

Here MAX VALUE represents the maximum value of the im-
ages under consideration. (For unsigned 2 byte/pixel images,
MAX VALUE is equal to 65,535).

The Xhmin initial marker is composed of the set of all
regional minima of the input image f . The basins will be
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Fig. 5 (a) Gradient image; (b) mask at level 1 with initial markers highlighted; and (c) result of both a
viscous flooding and our proposed modified flooding with γλ, where λ=1.

progressively formed by a modified flooding process that
starts at the minima Xhmin . In addition, the modified flooding
remains within the limits imposed by the mask at level i . We
take the new ẑ A[CBh(Mi )] influence zones of markers Mi at
each level h as the new markers set for the next h + 1 level
[CBh+1(Mi )].

At the end of the process, the watershed lines are the fron-
tiers of the catchment basins. Note that some pixels can be
left unflooded (as discussed in Sec. 5 for the binary case) be-
cause of the added reconstruction criterion. The γλ criterion
that is introduced provides the flexibility to control and to
limit the reconstruction process in certain areas.

6.3 Some Results
In the following, we experiment with a basic 3×3 square
structuring element for all the figures, but other types of
structuring elements can be used in order to obtain different
results in the final shapes recovered.

Figure 4 illustrates the effect of changing the criterion.
Figure 4(a) is the input image, and Fig. 4(b) shows its image
gradient, where the markers are displayed as white circles,
one inside the region and another one outside (in the back-
ground). Figure 4(c) shows the result of a standard water-
shed (Beucher-Meyer’s method14). Five results of applying
the modified flooding process using different reconstruction

criteria (increasing the size of the structuring element in each
case) are shown in Figs. 4(d), 4(e), 4(f), 4(g), and 4(h).

As can be observed, the added criterion controls the prop-
agation of the initial marker through the thin zones that con-
nect each circle. The larger the structuring element of the
added criterion, the more the reconstruction is restricted.

6.4 Comparison of the Proposed Modified Flooding
and the Viscous Watershed

This section compares the differences between our strategy
and the viscous watershed. As mentioned in Sec.3.3, the
viscous watershed modifies the surface (the gradient) to be
flooded by applying a filter (a morphological closing). Such a
filter can vary depending on the level to simulate the behavior
of the viscous fluid.

Our proposed strategy, however, modifies the flooding
process itself by using a morphological opening that con-
strains the propagation of each labeled marker. This way, the
flooding is prevented to proceed into certain parts.

The contours of the catchment basins computed by the vis-
cous watershed and by our strategy can differ; the larger the
number of markers that are propagating at a certain level, the
larger the differences will become. In addition, the possibil-
ity exists that certain pixels are left unflooded in our strategy,
since ensuring the desired shape criteria is paramount. Two
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Fig. 6 Case with two propagating markers inside a mask Y at a
certain level.

situations can be distinguished, depending on the number of
markers that are present at each mask level:

1. The evolutions of the flooding by our strategy and that
by the viscous watershed are the same if there is only
one marker per connected component (at each level).
See Fig. 5.

2. On the other hand, the evolution could be different
between the two processes, when a connected compo-
nent of the mask to be flooded at a certain level contains
more than one propagating marker from the previous
level. This type of situation is shown in Fig. 6. (In the
normal watershed method, the catchment basins asso-
ciated to the contained markers can be obtained in this
case by computing the geodesic influence zones of the
markers within the mask.)

For the first case, an example is shown in Fig. 5. In this
image, we have two different markers (with value 0), each
one in a separate connected component at level 1. Note that
there is other connected component at level 5, which are
highlighted with a bright tone; this zone is not considered
for flooding in the test. Those pixels that cannot be flooded
(because the restriction imposed by the viscous closing or
by the reconstruction criterion) are displayed in dark tone in
Fig. 5(c). In this case, there are not differences between the
viscous watershed and our approach.

The second case is illustrated in the example of Fig. 7. In
this image, there exist three markers (with value 0) in one
connected component at level 1, which are highlighted with
different tones in Fig. 8(a).

In the same way, those pixels at level 5 (highlighted with
a bright tone) are not considered in the selected stage. In the
case of the viscous watershed, the flooding scenario is mod-
ified by applying a morphological closing of size λ=2. This
is shown in Fig. 8(a), where the pixels signaled by an arrow
are those that will be eliminated from the flooding scenario
in the mask at level 1 [see Fig. 8(b)]. After this operation is
realized, a normal flooding process without restrictions (like
that performed by a standard watershed algorithm) is per-
formed. As a consequence of this, all the markers are flooded
to the same rate, and they met in the intermediate point
[Fig. 8(d)]. The viscous flooding computes the result dis-
played in Fig. 8(e).

Fig. 7 Gradient image used in the comparison of Figs. 8 and 9.

At first, it could be thought that the flooding evolution
would be the same using our proposed flooding strategy, be-
cause all regions eliminated from the flooding scenario by
the viscous watershed (by applying the closing) would not
be flooded by any of the markers since the flooding is re-
stricted by the opening. (The structuring element size of the
opening is λ=2, which corresponds to the size of the mor-
phological closing used in the previous figure.) However, we
must consider that the idea proposed in this paper implies
the restriction of the flooding of each marker separately. This
fact causes differences with the viscous flooding that can
be observed when the proposed strategy is applied to the
case of Fig. 7. When the restriction affects each marker sepa-
rately, the propagation of the two markers located at the lower
part cannot continue once the central corners are reached
[Figs. 9(c) and 9(e)], because the individual restriction im-
posed by the criterion of each marker. Therefore, the propa-
gation of the marker at the upper part will eventually flood
and label more pixels located at the central part [Fig. 9(g)];
in this way, this marker will finish flooding all the region
[Fig. 9(h)].

We use the image visualized in Fig. 10 to compare the
differences between the viscous watershed and our proposed
modified flooding with several criteria values in Fig. 11.
There are some differences in the watershed lines obtained
by the two methods. Another less evident difference, is the
existence of some pixels that could not be flooded or re-
covered in the final image (pixels left unflooded have black
color in Fig. 11). The number of unflooded pixels is vari-
able and depends on the size of the structuring element.
Note that the differences between the images occurs in those
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Fig. 8 Comparative between the viscous watershed and the proposed strategy (part A): (a) Initial
flooding scenario at level 1 (markers are highlighted with different tones); (b), (c), (d), and (e) shows
progressive evolution of the viscous watershed using ϕλ (where λ = 2) to modify the gradient.

positions where different markers have joined, changing the
final forms because the viscosities coming from more than a
source interact.

As we can observe in the provided examples, the viscous
watershed does not strictly fulfills the shape criterion in all
situations. When imposing the criterion in the flooding sce-
nario by using a closing, it is forced a unique viscosity for the
entire image, limiting the flexibility of the process. By con-
sidering the criterion restriction to each marker separately,
our method guarantees the shape criterion.

In this way, if an opening is applied to any one of the final
regions of the segmentation using the cited shape criterion,
they do not change (they are invariant). In the case of the
viscous watershed, this situation does not always happens (as
can be observed in the comparative of the internal regions in
Fig. 10).

As mentioned, the viscous watershed and our approach
share some similarities; particularly when only one marker
is present in the flooding scenario, both methods work in

the same manner. We can take advantage of this situation to
optimize the algorithm by, first until two or more markers
meet in the scenario, using the viscous closing to modify
the scenario and employ a conventional flooding, and when
markers have met, switching to the method proposed. In this
way, the execution time of the algorithm is reduced.

7 Experimental Results
We mainly used the biomedical domain to experiment with
our proposed technique. Two medical images have been
selected for comparison in Figs. 12 (354×400 pixels) and 13
(750×576 pixels). In the first line of these figures the orig-
inal image [part (a)] and the result of a standard watershed
[part (b)] are displayed; in the second line, we show the results
of a viscous watershed using different sizes of structuring
element; finally, in the third line the results of our technique
using the proposed modified gradient flooding with different
criteria γλare displayed.
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Fig. 9 Comparative between the viscous watershed and the proposed strategy (part B): (a) Initial
flooding scenario at level 1 (markers are highlighted with different tones); (b), (c), (d), (e), (f), (g), and
(h) shows progressive evolution of the proposed flooding whit criterion γλ, where λ = 2.
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Fig. 10 (a) Original image, (b) result of a standard watershed. The maskers are indicated in gray tone
(the background has its own marker).

Fig. 11 Comparison between the viscous watershed and the proposed flooding strategy using several
structuring elements (λ=1, 4, 7, 10). (a), (b), (c), and (d) correspond with the viscous watershed
algorithm; (e), (f), (g), and (h) correspond with our approach.
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Fig. 12 (a) Original image46; (b) result of a standard watershed (Beucher-Meyer’s algorithm); (c) the
result of a viscous watershed using λ=1, (d) λ=2, and (e) λ=4. Result of our modified gradient flooding
with γλ, where (f) λ=1, (g) λ=2, and (h) λ=4.

The execution times have been as follows. In Fig. 12,
using λ=1 the proposed algorithm takes 3 s to perform
the operation; with λ=2 the time is less than 4 s; and the
algorithm takes 4 s employing λ=4.

In the Fig. 13 case, the algorithm needs more time to
perform the operation: for λ=1, the algorithm takes 18 s,
and for λ=2 the time employed was 21 s. A PC Core 2 Duo
2.2 GHZ with 4 GBytes RAM (under Windows XP, with
compiler Builder C 6.0) was used.

Note that the major size of the image is not the principal
cause of the time delay, but the initial size of the markers
and its position inside the image. The principal factor that
increases the execution time of the algorithm is mainly the
interaction among the viscosities of different markers in a
specific flooding scenario.

Depending on the structuring element size, using our pro-
posed method we can control how the regions of interest are

extracted. By increasing the size criterion, it is possible to
restrict the segmentation process so that the flooding does
not propagate to certain thin structures.

8 Conclusions
A new segmentation method based on the watershed ap-
proach that incorporates a shape criterion was proposed.
Particularly, the presented technique is a gradient flooding
method that constrains how the flooding proceeds and, as a
consequence, can control the characteristics of the shapes of
the extracted regions.

The proposed technique extends a shape criterion that
had been used in some filters (the filters with reconstruction
criterion) into the segmentation stage. The shape criterion is
imposed by means of incorporating an opening that limits
each propagation step (an adapted geodesic dilation) of the
labeled markers.
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Fig. 13 (a) Original image46; (b) result of a standard watershed (Beucher-Meyer’s algorithm); (c) result
of a viscous watershed using λ=1 and (d) λ=2. Result of our modified gradient flooding with γλ, where
(e) λ=1 and (f) λ=2.
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We also commented on the relationship with other wa-
tershed variant such as the viscous watershed. Some experi-
mental results were provided using, especially, the biomed-
ical domain. This domain is particularly well suited for a
technique such as ours that provides greater flexibility and
control in the extraction of particles and structures. Never-
theless, the proposed technique can generally be applied to
any type of domain.

As mentioned, the shape constraints of the proposed
method can cause some pixels (usually, a very small num-
ber) to be left unassigned. In many applications, this is not
normally a major issue (such as, for example, in particle
extraction applications), and it is a direct consequence of
imposing the desired shape constraints. In cases where this
could be an issue, those pixels can be assigned in a final step,
although this would obviously cause the shape constraints to
be unsatisfied.

We must take into account that last fact. Because of the
fact that some pixels can be left unflooded, technically our
proposal is not a “traditional” image segmentation.

This method does not always generate a total partition
of the image definition domain, because some pixels (those
that have been left unflooded) may not be allocated to any of
the input markers. For this reason, this approach generates a
“partial” segmentation of the entire domain. In future work,
we intend to go deeply into this subject and possibly suggest
modifications in the original method for new results and
applications.
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