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Abstract. A method to identify grey level image components, suitable for 
multi-scale analysis, is presented. Generally, a single threshold is not sufficient 
to separate components, perceived as individual entities. Our process is based 
on iterated identification and removal of pixels, with different grey level values, 
causing merging of grey level components at the highest resolution level. A 
growing process is also performed to restore pixels far from the fusion area, so 
as to preserve as much as possible shape and size of the components. In this 
way, grey level components can be kept as separated also when lower resolu-
tion representations are built, by means of a decimation process. Moreover, the 
information contents of the image, in terms of shape and relative size of the 
components, is preserved through lower resolution representations, compatibly 
with the resolution. 

1   Introduction 

Grey level images are of large use in image analysis tasks. One of the main problems 
that have to be faced is image segmentation, necessary to distinguish foreground 
components from the background. The method to be used depends on problem do-
main. The easiest way, unfortunately seldom effective, is to fix a threshold and to 
assign to the foreground all pixels with grey level larger than the threshold, and to the 
background all remaining pixels, e.g., [1]. The result of this process is, generally, an 
image with a number of components different from the expected one. Actually, the 
threshold should assume different values in different parts of the image, to allow cor-
rect identification of foreground components. These methods are generally referred to 
as multi-threshold methods, e.g., [2,3]. An unwanted side effect of thresholding is that 
the size of foreground components is likely to be significantly reduced with respect to 
the perceived size. In fact, the same grey level distribution can characterise both the 
fusion area among foreground components perceived as individual entities, and (pe-
ripheral) parts of foreground components, located far from the fusion area. More so-
phisticated techniques, especially based on watershed transformation, generally pro-
duce better result [4-6]. These techniques, however, need a complex preliminary 
phase to identify the sources for watershed segmentation, as well as an equally com-
plex post-processing phase necessary to reduce the unavoidable over-segmentation. 

The method that we propose in this paper is a small addition to the literature on 
image segmentation. It is based on non-topological erosion and topological expan-
sion, is computationally non expensive and in the experiments we have done per-
formed quite well. Our method can be classified as a multi-threshold method. In fact, 
once the minimum and the maximum possible values of the threshold have been 
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fixed, depending on problem domain, the threshold is automatically increased and the 
thresholding process is repeated. An advantage with respect to other multi-threshold 
methods is that we avoid an excessive reduction of the size of foreground compo-
nents. In fact, after each thresholding that actually produces a separation of fore-
ground components, a growing process is accomplished, to restore pixels of the fore-
ground components far from the fusion area. Our method has proved to be useful 
especially when a multi-scale approach to image analysis is followed. If a lower reso-
lution image is obtained, by applying a decimation process to the non-segmented 
initial image, perceived individual grey level components tend to merge, producing 
one agglomerate where individual components are no longer distinguishable, espe-
cially at low resolution. In turn, if a decimation process is applied to a segmented 
image and care is taken to avoid merging of individual components, shape informa-
tion is better preserved also at low resolution. We will show the performance of our 
segmentation method in the framework of multi-scale image analysis. To this pur-
pose, we will illustrate a decimation process able to prevent merging among individ-
ual components, within the limits of decreasing resolution. To preserve topology 
through lower resolutions, we first identify and single out in the input image all sig-
nificant foreground components. Then, after each decimation process, we use the 
segmented high resolution initial image as a reference set and open canals so as to 
separate foreground parts that constituted individual entities at the highest resolution.  

2   Detecting Grey Level Components 

Let G be the input grey level image, and let g denote any pixel of G as well as its grey 
level value. A starting value for the threshold, θi, needs to be fixed, depending on grey 
level distribution in the image. The value of θi should be such that all pixels with grey 
level g≤θi can, without any doubt, be interpreted correctly as background pixels. A 
final value for the threshold, θf, needs also to be fixed. This value should be such that 
all pixels with grey level g>θf certainly belong to some component, perceived as a 
foreground component. In the most general case, the initial value θi can be set to the 
minimal grey level found in the image and the final value θf can be set to the maximal 
grey level, decreased by 1. Of course, the initial and final values of the threshold 
should be more carefully set, depending on user's needs. In particular, a very small 
initial value could cause the detection of a number of noisy components, erroneously 
interpreted as belonging to the foreground. In turn, the final value should be set in 
such a way to prevent excessive foreground fragmentation, which would split fore-
ground components perceived as individual entities into a number of meaningless 
components. All pixels with grey level value g, such that θi <g≤θf, can, in principle, 
be either foreground or background pixels. In particular, pixels having the same grey 
level in different parts of the image can be differently classified. The decision on 
whether they belong to foreground or background is taken during segmentation. 

We iterate a process, based on non-topological erosion and topological expansion, 
which uses different threshold values, automatically obtained increasing the initial 
value by an increment δ. The increment δ can be set to any value greater than or equal 
to one, depending on problem domain. In particular, a small increment is preferable 
for images where grey level distribution of the foreground is in a large range and also 
small variations of grey level are significant. 
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Let θi=θ1, θ2, ..., θn=θf, be the n values of the threshold, where the threshold at the 
k-th iteration is θk = θk-1 + δ. In the following, we will describe the process done at the 
k-th iteration, which consists of two steps, namely i) non-topological erosion and ii) 
topological expansion. To separate foreground components that result to be merged in 
a fusion area characterised by a grey value corresponding to the current threshold 
value, pixels placed in the fusion area among components have to be identified and 
assigned to the background (i.e., their grey levels have to be lowered to the back-
ground value θ1). To this purpose, non-topological erosion is accomplished. This is a 
process that assigns pixels belonging to the border of foreground components to the 
background, regardless of the topology changes possibly caused by this operation. 
Border pixels are identified as pixels having at least an edge-neighbour in the back-
ground, i.e., pixels with at least one edge-neighbour with grey level equal to θ1. Non-
topological erosion is iterated until border pixels are found. In particular, at the k-th 
iteration, pixels that are possibly placed in a fusion area are those with grey level g 
such that θ1<g≤θk. Among pixels with grey level in the current range of values, only 
those that, when inspected, result to be border pixels are assigned to the background. 

Border pixels are examined in increasing grey level order and have their grey lev-
els lowered to the background value θ1, regardless on whether connectedness is pre-
served in their neighbourhood. However, the number of connected components of 
foreground pixels, i.e., with grey level greater than θ1, in the neighbourhood of any 
removed pixel is counted. In fact, if more than one component is found, this indicates 
that the removed pixel was actually a fusion point among foreground components. If 
this is the case, a fragmentation counter fc, initially set to zero, is increased by one. 
Each removed pixel is orderly stored in a suitable list L, to keep track of its coordi-
nates and grey level. Removal is repeated on the image as far as border pixels with 
grey level in the current range of values are found. At the end of this process, the 
counter fc is examined. If fc=0, no fusion occurred for the current threshold, and all 
removed pixels should be recovered to preserve the information contents of the im-
age. In turn, if fc≠0, some fusion actually occurred. Of course, not all pixels removed 
at the k-th iteration were actually responsible of fusion among components. Those far 
from the fusion area should be recovered. Thus, in any case, before proceeding to the 
successive iteration with a new threshold, topological expansion is performed, to 
restore size and shape of foreground components, which have been modified by non-
topological erosion. Of course, recovery of foreground pixels is done in such a way to 
still maintain as separated the components that have been singled out. The process is 
straightforward if no fusion occurred at θk. All pixels previously stored in L are newly 
assigned their initial grey level in the image G.  

In turn, if some fusion occurred, care should be taken when setting on G the pixels 
from L. To this purpose, pixels of L are examined in the opposite order with respect 
to their insertion order in L. For the current pixel p, the number of components of 
foreground pixels (i.e., pixels with grey level greater than θ1) is counted after p is 
restored in G. If only one component is found, p is just assigned on G its initial grey 
level, as no fusion occurred in p. Otherwise, p is also suitably marked in G to point 
out that it was actually a fusion point. 

Once all pixels of the list L have been processed and restored in G, the fusion 
marker is iteratively propagated onto successive neighbours of the marked pixels, 
provided that these neighbours are pixels that have been recovered from L. Marker 
propagation is performed to identify all pixels in the fusion area. Unfortunately, 
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marker propagation may include in the fusion area more pixels than those whose 
removal is strictly necessary to separate foreground components. Since we aim at 
changing the status of the lowest possible number of pixels, a suitable process is per-
formed to reduce the thickness of the set of marked pixels, so as to better preserve the 
original contents of G. Finally, all pixels still marked as fusion points are set to θ1, 
which results in the separation of foreground components at θk.  

        

        

Fig. 1. Top: the input grey level image G, left, and the resulting image G
1
, right. Bottom: binary 

images obtained from G, left, and G
1
, right. 

The threshold θk is incremented by δ and the (k+1)-th iteration of non-topological 
erosion and topological expansion are performed, to separate foreground parts at the 
successive threshold value. The process is iterated until all threshold values are used. 

The effect of our segmentation process can be seen in Fig. 1. The two images in 
Fig.1 top, respectively show the input grey level image G (left) and the image G1 
(right), resulting after non-topological erosion and topological expansion. The two 
images in Fig. 1 bottom, show the binarizations of G and G1. In the image to the right 

pixels with grey level equal to or smaller than θ1 are set to 0 and the remaining pixels 
are set to 1, to point out which are the foreground components singled out by our 
process; in the image to the left a threshold value greater than θ1 has been used for the 
binarization so as to favour segmentation, which however is not satisfactory. The 
values for θ1, θn and δ have been heuristically selected, based on the image domain. In 
particular, θ1=70, θn=170 and δ=5. 

3   A Topology Preserving Multi-scale Representation 

As pointed out in Introduction, our segmentation method can find a useful application 
in multi-scale image analysis. Having a multi-scale image representation is of interest 
in a number of tasks, e.g., [7-11], since successively condensed representations of the 
information in the input image are available and the user can often work with a re-
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duced data set, at low resolution, which still provides a reasonable representation of 
the most relevant regions. 

Image pyramids are among the most common multi-scale representation systems 
[12]. Both continuous and discrete methods to build pyramids can be found in the 
literature. We here describe a discrete method to build a topology preserving pyramid. 

Two important features to use pyramids in the framework of image analysis are 
shift invariance and topology preservation [13]. Representations at low resolution can 
differ significantly from the input image, when this is shifted or, better, when the 
partition grid used to performed decimation, is shifted along the image. It is, in fact, 
quite obvious that a different position of the partition grid generally leads to a signifi-
cantly different image pyramid. Moreover, the mechanism used to build the pyramid 
can significantly alter, besides geometry and shape, also the topology of the input 
image, so that the representative power of lower resolution images would become 
questionable. Topology preservation is not considered in methods based on filters, 
[14,15], while is taken into account in generation methods of irregular pyramids. In 
this latter case, however, the father-child relation is lost or altered, [16, 17]. Our aim 
is to obtain an almost shift invariant and topology preserving grey level pyramid, 
without altering or destroying the father-child relation, and based on a regular tessel-
lation. We introduced in [18] a method to generate a pyramid, starting from a binary 
image, which is shift invariant and topology preserving, within the limits of decreas-
ing resolution. The method here illustrated is an extension of the one in [18] to the 
case of grey level images.  

To build the pyramid, a recursive subdivision into quadrants of the 2n×2n grey 
level image, G1, is performed. At each recursion step, resolution decreases by four 
and the process terminates when the image including one single pixel is built. This is 
the general scheme, but is obvious that resolution levels with less than 16 pixels in 
each dimension can be disregarded, as they would not be useful in shape analysis 

tasks. Thus, the pyramid construction will actually end as soon as the 24×24 image is 
built. The base of the pyramid is the input image G1 at full resolution (128×128, for 
the example shown in this paper), the next level of the pyramid represents the image 
G2 at a uniformly lower resolution (64×64) and so on. The apex of the pyramid is the 

16×16 image G4. 
Pyramid construction is accomplished by using the image G1 segmented by the 

process described in Section 2. Foreground components are assigned an identity label 
by means of connected component labelling. To build G2, a partition grid is superim-

posed onto G1. The grid consists of non-overlapping blocks of 2×2 pixels. Each block 
originates one pixel in G2. The four pixels in a block are the children, and the pixel 
corresponding to the whole block in G2 is the parent. The grey level value of a parent 
pixel is computed by taking into account number, positions and grey levels of its four 
children. The label identifying the foreground component to which children belong is 
also transferred to the parent pixel. When children belong to different components, a 
majority rule is used to decide the label for the parent pixel. 

Depending on the position of the partition grid over G1, a pixel p in the image G1 
belongs to one out of four possible blocks, including three out of the eight neighbours 
of p. In turn, each neighbour of p belongs to a different number of blocks, depending 
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Fig. 3. The pyramid built for the grey
level image shown in Fig.1. A zoom factor
2 is used. 

 

Fig. 2. The eight neighbours of p, top,
and the four 2×2 blocks that can be ob-
tained by shifting the partition grid. 

on its position with respect to p. Each edge-
neighbour of p belongs to two different 2×2 
blocks including p, while each vertex-
neighbour belongs to exactly one such 2×2 
block. See Fig. 2.  

The decimation filter is a 3×3 mask of 
weights, with central value 4, edge-
neighbours valued 2 and vertex-neighbours 
valued 1. This multiplicative mask is centred 
on each pixel p of G1 with even coordinates 
(2j, 2k), and the value of the corresponding parent pixel p' with coordinates (j, k) in 
G2, is computed. The image G2 is then re-scaled by linearly re-scaling its pixels to 
the range {0, 255} and the mask is applied to build G3, and so on. 

Since the multiplicative mask takes into account all possible 2×2 non-overlapping 
blocks, the resulting pyramid will be almost shift invariant. As concerns topology 
preservation, a decision is necessary on whether foreground or background compo-
nents have to be favoured, since when resolution decreases it can be impossible to 
preserve both. We favour foreground components. 

We use a landscape representation of the grey level image, where the grey level of 
a pixel is interpreted as the height in a topographic map. In this way, the image G1 
can be interpreted as consisting of a number of islands, some of which may include 
lakes and craters. Islands of G1 close to each other can merge into a unique compo-
nent in G2, lakes and craters can be transformed into less deep craters, and new lakes 
can appear, due to deformation of bays. To preserve topology in the limits of reduced 
resolution, we use G1 as a reference image and open suitable canals at lower resolu-
tions to separate islands erroneously merged into a unique component. We also open 
spurious craters rather than filling them. In this way, the effect produced by the modi-
fied value distribution better resembles that of the original image. This opening is 
done at each resolution level before computing the next pyramid level, so as to avoid 
chain reaction effects. 

To open canals in G2, we check for each foreground pixel if a neighbour exists, 
having different identity label. In the affirmative, the pixel with the lowest grey level 
(and, hence, the lowest relevance) in the adjoining pair is assigned to the background.  

A crater is a set of pixels with value 
strictly smaller than all values of the pixels 
on the 8-connected rim of the crater. Craters 
and lakes which do not correspond to craters 
and lakes in the full resolution image are 
interpreted as spurious entities, and are 
transformed into bays by iteratively 
identifying their bottom and by assigning to 
the rim of the bottom the grey level of the 
bottom. 

The pyramid built for the grey level im-
age shown in Fig.1, is illustrated in Fig. 3. 
Only levels 64×64, 32×32, and 16×16 are 



580      Giuliana Ramella and Gabriella Sanniti di Baja 

shown, since level 128×128 is the image in Fig. 1 top right. A zoom factor 2 has been 
used to make visible these resolution levels. We note that foreground components are 
preserved also at low resolution. 

4   Conclusion 

We have introduced a method to single out foreground components, which is suitable 
in the framework of multi-scale grey level image analysis.  

Foreground components detection is done by using an iterated process, based on 
non-topological erosion followed by topological expansion. A multi-scale representa-
tion is then built starting from this image. To limit translation dependency, the four 
different images that would be generated by shifting, in the four possible positions, 
the partition grid used to build lower resolutions are combined. Topology preservation 
is favoured by identifying on the highest resolution image all foreground components. 
This allows us to open canals to separate, at lower resolution, foreground parts that 
constituted individual entities at the highest resolution level. Naturally, topology is 
preserved compatibly with the resolution, through lower resolution pyramid levels. 

The method we have developed was mainly intended to treat biological specimens, 
as the one shown in Fig.1. However, we think that our method could also be used in 
other fields, e.g., for document analysis. More in general, the method is adequate for 
application areas dealing with grey level images in which foreground components can 
be distinguished from the background. 
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