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ABSTRACT
Binary and grayscale mathematical morphology have many
applications in different domains. On the other hand, colour
morphology is not widespread. The reason is the lack of a
suitable colour ordering strategy that makes the extension of
grayscale morphology to colour images not straightforward.
We will introduce a new majority sorting scheme (MSS) that
can be applied to binary, grayscale and colour images. It is
based on the relative importance of each grayscale or colour
present in the image, and has the advantage of being inde-
pendent of the specific grayvalues or colour values. We will
compare our ordering technique with a vector based ordering
and show the advantages and disadvantages of both methods.

1. INTRODUCTION
1.1 Binary morphology

Mathematical morphology [1] [2] is based on set theory. The
shapes of objects in a binary image are represented by object
membership sets. Objects are connected areas of pixels with
value 1, the background pixels have value 0. Morphological
operations can simplify image data, preserving the objects’
essential shape characteristics, and can eliminate irrelevant
objects.

Binary mathematical morphology is based on two basic
operations, defined in terms of a structuring element, a small
window that scans the image and alters the pixels in function
of its window content: a dilation of set A with structuring
element B (4 @ B) enlarges the objects (more 1-pixels will be
present in the image), an erosion (4 & B) shrinks objects (the
number of 1-pixels in the image decreases) (see figure 1).

The basic morphological operators on sets 4 and B are
defined as:

dilation :
erosion .

A@B:UbGBTb(A) (1)
ASB = pepT-5(4)

with 7;(4) the translation of image A over vector b. This

formulation can be rewritten as:

(A®B)(a) =max{A(b) |a—be B, be A}

(A6 B)(a) =min{A(b) |b—a€ B, b A}
@)

The structuring element B can be of any size or shape
(square, cross, disk, line, ...). The choice of this element is
based on the content of the image and on the purpose of the
morphological operation.

Composite operations, like the opening (an erosion fol-
lowed by a dilation, 4 o B) and the closing (a dilation fol-
lowed by an erosion, 4 e B), are derived from the basic oper-
ators. These operations preserve the overall shape and size of
the original objects, but an opening removes isolated pixels
and a closing fills small holes in the objects.

dilation :
erosion :

Figure 1: Schematic example of the basic morphological op-
erators. Solid line: original object; Dashed line: result ob-
ject; Circle: struct. element. Left: dilation; Right: erosion.

1.2 Grayscale morphology

The morphological theory can be extended to grayscale im-
ages with the threshold approach or with the umbra approach
[1]. Here we will use the threshold approach.

For binary images, the union and intersection operation
are used for the dilation and erosion, respectively. In the case
of grayscale images, the union and intersection of sets are
replaced by the maximum and minimum of grayvalues, as in
equation 2. A is now a function instead of a set. B is still a
binary set, but this restriction is quite acceptable in practice.

1.3 Colour morphology

A colour image is represented in some colour space. A fre-
quently used space is the RGB space, used in computer sys-
tems. There are three colour bands (red, green and blue) that
together represent the colours of the pixels in the image in
the RGB-space. So, the colours in such a colour space can
be interpreted as vectors.

There is no absolute unique ordering of the colour vec-
tors, so the max- and min-operation cannot be extended eas-
ily to vectors and therefore an extension to colour morphol-
ogy is not straightforward.

In order to be able to extend the principles of grayscale
morphology to colour images, the colours in a colour image
have to be ordered in some way. One way of doing this is
to transform the vectors into scalars with a lexicographical
ordering scheme [3], further explained in section 2.1. We
present a new technique, the majority sorting scheme (sec-
tion 2.2), that not only can be applied to colour images, but
also to binary and grayscale images, or even to multispectral
images, in contrast to the technique of [3]. As we will see,
this technique does not depend on the colours in the image
and is therefore invariant to bijective colour transformations.
It is based on the relative importance of colours in the image.



2. METHODOLOGY
2.1 Vector ordering

In [3] the RGB image is transformed into an HSL image. In
the HSL space the colour channels are the luminance (inten-
sity), the saturation (purity), and the hue (primary colour).

Specifically in the double-cone HSL representation (fig-
ure 2), the luminance L has values from 0 (black) to 1 (white),
the hue A lies in the interval [0°,360°]. The saturation S has
values between 0 and 1 for L = % and the maximum S de-
creases linearly as L goes to O or 1. At L=0and L =1 the
saturation can only be 0.

L=1

S=1 L=1/2

L=0
Figure 2: Double-cone HSL representation.

In [3] colour ordering is defined according to a lexico-
graphical ordering rule on the HSL-vector: if a first compar-
ison check is indecisive, then the next comparison is done,
etc. Various variants are possible: for instance with the “L-
ordering”, first the L-values are compared, followed, if nec-
essary, by a comparison of S and H. The results depend on
the order chosen. The H-ordering uses a saturation-weighted
hue, which means that colours with a high saturation keep
their initial hue value and colours with a low saturation value
are given a new hue value. This improves the choice of
colours by the morphological operations [4].

Hue values are first converted to relative values H' =
|H — Hy| for H € [0°,180°] and to H' = [360° — H — Hy| for
H € [180°,360°]. The choice of the reference colour Hy can
be arbitrary or calculated in function of the image content
(section 2.1.1).

The need for a Hy-value introduces inconsistencies due
to the periodic nature of the hue. Values of H’ that are almost
the same can belong to very different colours. A good choice
of Hj is especially important when using the H-ordering.

2.1.1 Origin of hue

A possible choice for Hy could be the hue that appears the
most in the image. If the background is the most present in
the image, then all hue values are referenced to the hue of the
background.

Another possibility [4] is to take the hue value of the av-
erage chromaticity vector as Hy. To calculate this average,
we transform each hue value, represented as a point on a cir-
cle with an angle and with radius » = 1, in its Cartesian
coordinates. Then we average the vectors and transform this
average vector back to polar coordinates. The resultant aver-
age angle is Hj.

A third alternative is to calculate the average hue value
by taking the histogram of the hue in the image and then as-
sign the histogram values to the radius » of the respective

hue. Then we also transform to Cartesian coordinates and
average the vectors and transform this average vector back
to polar coordinates. This approach is less accurate because
the histogram consists of a certain number of bins, thus in-
troducing a limited number of possible hue values, while the
hue originally could have any value in its domain.

2.2 Majority ordering

In this section we propose a new type of sorting of the
colours, the majority sorting scheme (MSS). Instead of us-
ing the grayvalues or ordered colours, we count the number
of pixels present in the image for each colour and order the
colours accordingly. We use this ordering for the morpho-
logical operations. The original colour values are linked to
the MSS-ranking, so the result image won’t contain any false
colours because we can look them up. See figure 3 for an
example.

Figure 3: Left: colour image; Right: MSS ordering map.

Morphology in the traditional case is based on the inten-
sity value of the pixels. The background is supposed to be
dark and a dilation for example increases the overall inten-
sity of the image.

With the MSS-technique, the background colour is typ-
ically the majority colour in the image, but the user can
specify another background colour by modifying the MSS-
ranking. A dilation decreases the number of pixels with a
dominant colour in favour of non-dominant colours.

We still can use the formulation from equation 2 for the
morphological operations, but then we first have to invert
the image map, since the background has the largest rank-
ing value and in the traditional case the background has the
lowest intensity value. The same results can be obtained by
using a max-operation for the erosion and a min-operation
for the dilation, instead of vice versa. The image 4 in the
equation is now a ranking map and the result is the colour
linked to the result of the max/min-operation.

2.2.1 Adjusting the MSS

If different colours have the same number of pixels, then they
will be treated equally, which leads to an arbitrary choice of
colour if the morphological operation has to choose between
several extrema.

In case of a tie, pixels are selected according to their dif-
ference with the current pixel. This difference can be a differ-
ence in grayvalue or hue, for example. Another possibility is
to prefer the pixel closest to the current pixel. A comparison
with the background colour is also an option.

For practical reasons, a quantisation of the colours or
grayvalues is necessary and can also improve results. If
many different colours are present, then many total number
of pixels will be low and many colours will be assigned the



same ranking, which cancels the effect of the MSS-ordering.
Therefore, in most cases a quantisation will have to be done.
In some cases it is an advantage to merge different colour
rankings. If the background has two equally prominent
colours with almost the same ranking, then one colour would
be rated higher than the other. This situation increases the
calculation time of the pattern spectrum [5] significantly.
If we allow a certain deviation for these ranking values,
then, when the rankings with deviation overlap, they can be
merged by taking the average of both ranking values. Only
small ranking differences will merge the colour rankings (ac-
cording to an absolute or relative difference tolerance), rank-
ings with big differences will remain different rankings.

2.2.2 Properties of the MSS

This technique has several advantages:

e The MSS-technique can be used for binary, grayscale and
colour images; also an extension to multispectral images
is possible with the same majority sorting scheme;

e Colour images with only two colours will be treated as if
it were binary images;

e The technique doesn’t expect a specific colour space;

e We don’t have to define a reference colour value Hy (sec-
tion 2.1.1);

e The technique is quasi invariant to colour and grayscale
transformations (e.g. -compensation); when the trans-
formation is bijective, then there is no difference in the
ranking maps;

e The background does not have to be of dark intensity, and
the foreground of light intensity.

Some precautions must be taken:

e The background colour must be the colour most present
in the image, or must otherwise be chosen by the user;

e Too many colours in the image can make the MSS-
technique useless (section 2.2.1);

e [f colours have almost the same number of pixels, then
the technique can become inaccurate, because maybe one
colour is regarded object and another colour noise. The
ranking is then not reliable.

3. EXPERIMENTAL
3.1 Colour morphology

If all objects in the image have the same colour, then the
image can be seen as a binary image and the morphological
operations will produce the results we expect.

There are some exceptions. For the MSS-ordering, the
background colour must be the most dominant colour (this
is the equivalent to the darkest value in a grayscale image).
With the H-ordering the ranking of the background colour
can be higher than that of the object colour. The choice of
Hy is important in this case. In the case of the S- and H-
ordering, the comparison of the luminances (see [3]) is ref-
erenced to L = %, which means that there is no difference

between colours with L lying the same distance from L = 5

Figure 4 represents a (coloured) object with a blurred
edge. A morphological opening should remove the small
3 x 3-square (regarded as noise) and the border of the big
square (blurred edge). The vector ordering technique doesn’t
remove these artifacts, unless you know the correct Hy-value,
which is a potential problem.

(a) Original image (b) MSS-ordered opening

(¢) L/S/H-ordered (Hy = 0°) (d) H-ordered (Hy = 105°)

Figure 4: Opening (with 5 x 5-square) of figure (a).

Figure 5 shows a colour image (252 colours) subjected
to an erosion operation. Our goal here is to extract the yel-
low letters “IPI”. The MSS-ordering emphasizes the domi-
nant colours (background and yellow), while the results with
the L- and S-ordering are disappointing. For the H-ordering
with Hy = 250° (the average hue 4+180°), we also get a nice
result.

3.2 Colour reduction

The following is only applied to the MSS. An image with a
lot of colours can result into a ranking map that is useless
(section 2.2.1). Figure 6 shows the effect of the different
number of colours used. An adaptive colour reduction tech-
nique has been used [6].

The original images (except the one with only eight
colours) are very similar. But the dilated images emphasize
the thin lines more when there are less colours in the image.
This is useful if we want to extract the roads from the map.

3.3 Colour distinction

When we perform a morphological operation, different pix-
els in the window of the structuring element can be valid can-
didates to replace the current pixel. If those pixels have dif-
ferent colours, then a choice has to be made.

As pointed out in section 2.2.1, we can take the differ-
ence of the grayvalue or hue of the pixels with that of the
current pixel as an extra criterion to decide which colour will
replace the current pixel. Experiments on several images like
the ones in figures 5 and 6 show no (significant) visual dif-
ferences when this extra comparison is used. Also the Peak
Signal-to-Noise Ratio results in PSNR-values of about 35 or
more.

4. CONCLUSION

Morphology on colour images is possible if the colours are
ordered in some way. We proposed a majority sorting scheme
that orders the colours according to the count of pixels of
that colour present in the image. This method has some
advantages over other schemes. It can be applied to bi-



(a) Example colour image

(b) MSS erosion

(d) S-ordered erosion

(e) H-ordered erosion

Figure 5: Erosion (with cross with diameter 13) of (a).

nary, grayscale and multispectral images and is insensitive
to colour (bijective) transformations.

The reduction of the colours in the image can improve
the morphological operations. Further research is necessary
to determine the ideal number of colours.
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