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Abstract 

The watershed transform is a powerful tool for 
segmentation once we can deal with oversegmentation. 
To solve the oversegmentation problem, hierarchical 
approaches are considered in order to retain the most 
significant regions of the image at different scales. The 
dynamics of the regional minima have been used to 
build this hierarchy.  

In this paper we present a new measure for 
computing the dynamics of the minima based on 
human perception of shapes. The described technique 
solves the major drawbacks of the hierarchical 
segmentations based on contrast dynamics or volume 
dynamics. 

1. Introduction 

Image segmentation is an important task in 
computer vision that aims to partition the image into 
physically meaningful regions. The ultimate goal is 
that this partition identifies the objects of interest in 
the input image. Morphological segmentation 
techniques [1] are quite successful. In morphological 
segmentation, the watershed transform [2] plays a key 
role as a tool for decomposing an image into regions 
with certain properties. The main problem of 
watershed transform is its sensitivity to intensity 
variations, resulting in oversegmentation. Two 
approaches are proposed in the literature to overcome 
this drawback: the selection of markers [3], and 
hierarchical approaches [1] 

Although the use of markers has been successful 
in some segmentation applications, their selection 
requires either careful user intervention or explicit 
prior knowledge of the image structure. We focus on 
hierarchical approaches because our objective is to 
segment generic images and do not have any ‘a priori’ 
knowledge about them. 

Grimaud [4] introduced the concept of the 
dynamics of minima that assign to each regional 

minimum a measure of its contrast. This concept can 
be extended to other measures such as area or volume 
[5]. Segmentations using contrast dynamics give as a 
result, partitions with a large amount of tiny regions 
that are not really visually significant. Volume 
dynamics solve this problem, but have the drawback 
that, usually, the segmentation process splits big 
homogeneous regions, and in the result image appear 
contours that are not visually significant. 

In this paper we present a technique based on 
dynamics that aims to solve the trade-off between 
contrast and volume dynamics. The final objective of 
this work is to obtain partitions where neither 
insignificant regions nor insignificant contours are 
present. We will present a hierarchical watershed 
segmentation based on a new measure of the 
dynamics determined by a function of contrast 
dynamics and area dynamics. The regions obtained in 
the final segmented image using our approach have a 
higher visual significance, accordingly with the 
theories of human visual perception of areas. 

2. Hierarchical segmentation 

Our main goal is to create a hierarchy among the 
gradient watersheds that preserves the topology of the 
watershed lines at the finest scale in the scale-space 
stack and extracts homogenous objects for a larger 
scale. Let us define what is a hierarchy. Let P0 = {S1,
S2, ..., Sn} be the initial partitioning of the image at the 
finest scale after the application of the watershed 
transformation. A hierarchical level k (HLk) is defined 
as the partitioning { }k

mk
kkk SSSP ,,, 21=  which 

preserves the inclusion relationship Pk ⊇ Pk-1,
implying that each segment of the set Pk is a disjoint 
union of segments from the sets Pk-1. A hierarchy of 
partitions is defined as a family which consists on all 
the hierarchical levels HLk, where k∈[0,k]. It 
corresponds to a hierarchy of Region Adjacency 
graphs, Gk(Pk,Ak), that are generated by applying 
successive mergings. 
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There have been proposed different approaches for 
constructing a hierarchy of partitions defined on the 
basis of the watershed transformation that retrieve 
information from the superficial image structure: the 
waterfall algorithm [6], the dynamics of minima [4], 
the extinction values [5], and the dynamics of 
contours [7]. Essentially, this hierarchy can be 
interpreted as a set of region adjacencies, wherein an 
ordering is determined by a valuation, which can be 
controlled by the relative altitudes of the regional 
minima. The extinction value introduces area to the 
concept of dynamics. Comparisons of these 
approaches can be found in [8], [9]. 

The dynamics of a regional minimum is defined as 
the minimal climb required for a path starting from a 
regional minimum to reach another one with strictly 
lower altitude, the climb being the difference in 
altitude between the highest point of the path and the 
regional minimum under study. The contrast 
dynamics of regional minima of image I, Rmin(I), will 
be denoted by Hdyn[Rmin(I)]. They are formally 
defined [10] by: 

[ ]
[ ]

( )( ) ( )( )[ ]0maxmin{)min(
1,0

γγ ISIIRH
Sdyn −=

∈

[ ] )}min())0(()),0(())1((,1,0: 2 IRIII ∈<ℜ→ γγγγ
where γ is a path linking two points 

 Obviously, the dynamics of the global minimum 
is undefined, as there is no pixel with strictly lower 
altitude, so this minimum is often assumed to have a 
dynamics of infinite value or a dynamics equal to the 
dynamics of the image, that is, the difference between 
the maximum and the minimum values of the pixels in 
the image.  

Regional minima with highest dynamics will be 
used as markers for watershed segmentation. By 
thresholding Hdyn[Rmin(I)] with increasing values, a 
hierarchy is obtained. Figure 1.b shows the result of 
the watershed segmentation of figure 1.a using the 
100 highest valued dynamics as markers. It is not a 
good result according to human visual significance; 
the regions obtained do not correspond to the 100 
most outstanding regions in the image. Only contrast 
has been taken into account and a lot of tiny regions 
are obtained in the partition. 

In order to solve this problem, Vauchier and 
Meyer [5] proposed the extinction values measure, 
which are dynamics based on other measures, 
obtaining by this means hierarchies with other criteria. 
The area dynamics is a size criterion, and the volume 
dynamics has been always presented as a trade-off 
between the contrast and the size of a region 

The volume dynamics is defined as the volume 
that a catchment basin has to raise to reach another 
regional minima with a higher volume dynamics. The 
volume dynamics of regional minima of image I, 
Rmin(I), will be denoted by Vdyn[Rmin(I)]

Figure 1.c shows the result of the segmentation 
using the 100 highest volume dynamics as markers. It 
can be seen that the regions obtained are closer to the 
human perception, but it has the unpleasant property 
that big homogenous regions are splitted. In the 
segmented image background appear some contours 
that are not visible for a human in the original image. 
A possible solution to solve this problem is presented 
in [11]. In that work, they remove the contours with a 
contrast under a given threshold, but this solution 
needs an additional parameter that must be tuned by 
the user.  

(a) 

(b)                                              (c)
Figure 1. (a) Original image. (b). partition using Hdyn. (c) 

Partition using Vdyn 

Using contrast dynamics we obtain in the result 
image, tiny regions that are no perceptible to humans. 
Using volume dynamics we obtain visually 
insignificant contours. In next section we present a 
new technique that solves this problem. 

3. A new measure for dynamics 

Psychological studies [12] state that our minds 
perceive lengths quite accurately, but perceive areas as 
being smaller than they actually are. There are several 
fundamental laws of human perception that explains 
the effective dimensionality of a visual feature. For 
example, Steven’s Law [13], also called Steven´s 
Power Law, characterizes the difference between 
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perceived magnitude and physical magnitude of a 
visual feature (as well as other sensory stimuli). 
Steven’s Law predicts that the perceived scale is the 
actual physics scale to a power β , where β varies 
between 0.6 and 0.9 depending from person to person. 

In our work we have redefined the dynamics of the 
regional minima in order to obtain values that are 
closer to the perceived scale. Accordingly to Steven’s 
Power Law we define the visually significant dynamics 
(VSdyn) as: 

VSdyn[Rmin(I)]= Hdyn [Rmin(I)] * (Adyn[Rmin(I)])0’6

Where Adyn[Rmin(I)] are the area dynamics. They 
are obtained by an algorithm based on an image 
extrema propagation scheme, and is directly deduced 
from the algorithm definition of area openings 
proposed by Vincent [14]. The grayscale area opening 
of size λ denoted )( Ia

λγ is given by : 

{ }λγγ λ ≥≥= )))((()(sup))(( fTAreaxfhxI h
c
x

a

The VSdyn obtained are used to establish the 
hierarchy for the watershed transform. The markers are 
obtained by suppressing the regional minima with 
VSdynamics lower than a constant value T. The 
standard algorithm  to do this operation [15] is to 
compute the geodesic reconstruction by erosion  of IT
over I where IT(a) = I(a)+T. 

( ) ( )∞∞ Θ= CItI BIIE
T

( ) TCCI IBIBI
T

∧Θ=Θ
being Bc a disk shaped structuring element 

Figure 2.b shows the resulting partitioned image. It 
can be noticed that the problems present in figure 1.b 
(presence of insignificant regions) and figure 1.c 
(presence of insignificant contours) are not present in 
the result image. The image has been partitioned into 
the 100 most significant regions. This is the number of 
regions that a human would approximately quantify 
when looking at figure 2.a. The value of the constant T 
is automatically determined by the one that thresholds 
the 100 highest VSdynamics of the image. 

(a)                                               (b) 
Figure 2. (a) Original image.(b).partition using VSdyn 

4. Results 

To test our results we have used the UEA image 
database that can be found in [16] and is described in 
[17]. These images have been selected because their 
segmentation by visual judgment is obvious, so they 
are an excellent testbed for segmentation algorithms 
based on shape features. They are real images but the 
real physically meaningful regions are not context 
dependent 

Figure 3.b shows the partition of figure 3a using the 
volume dynamics. According to visual judgment, there 
have been selected as markers the 30 regional minima 
with highest Vdyn. It can be seen that some big regions 
are incorrectly partitioned. Figure 3c show the results 
selecting the 30 regional minima with highest Vsdyn. 

(a) 

(b)                                          (c) 
Figure 3. Top: Original image. Bottom left :. result using 

Vdyn.Bottom right result using VSdyn 

Figure 4.b shows the 100 most important regions of 
figure 4.a according to volume dynamics. Figure 4c 
shows the result using visually significant dynamics. 

(a) 
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(b)                                              (c) 
Figure 4. Top: Original image. Bottom left :. result using 

Vdyn.Bottom right result using VSdyn 

5. Conclusions 

In this paper we have presented a new measure of 
the dynamics of the minima. Contrast dynamics 
present the problem that resulting regions in the final 
partition are very significant in altitude, but are 
insignificant for a human visual judgment. Volume 
dynamics present the problem that partitions big 
regions in the segmented image, and then, the result 
presents contours that are also invisible for us. The 
segmented image obtained using the volume dynamics 
needs a post-processing in order to remove contours 
with a contrast lower than a given threshold. This 
threshold must be tuned by the user and this is an 
undesirable fact in image segmentation. 

The solution presented in this paper solves the 
trade-off between contrast and volume dynamics. It has 
been based on the psychological theories about  human 
visual perception of areas. The results obtained are 
closer to the human visual judgment. 
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