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Abstract. Morphological transformations are commonly used to carry out a va-
riety of image processing tasks. In this paper, morphological transformations
are applied to a binary image represented by a set of non-overlapping rectan-
gular blocks. Off-line dilated and eroded images of all related rectangular
blocks are used to accelerate certain morphological operations. Suitable look up
array tables are constructed off-line for all rectangular blocks. At a first step, all
image blocks are replaced by their look-up array tables. At a second step, mor-
phological operations are applied only to a limited number of remaining pixels.
The experimental results showed that starting from a block represented image
we can construct an opened or closed image in significantly less CPU time
(24% and 57% CPU time gain for opening and closing operations, respec-
tively).

1 Introduction

Mathematical morphology is an active and growing area of image processing and
analysis. It is based on set theory and topology [1,2]. Mathematical morphology stud-
ies the geometric structure inherent within the image. For this reason, it uses a prede-
termined geometric shape known as the structuring element. Mathematical morphol-
ogy has provided solutions to many tasks, where image processing can be applied,
such as in remote sensing, optical character recognition, radar image sequence recog-
nition, medical imaging etc.

Erosion and dilation are the fundamental operations of mathematical morphology.
Let the set A4 denote the image to be processed and the set B the structuring element.
Binary erosion and dilation are defined by:
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respectively, where 4, B are sets in 2-D integer space Z° and (4), is the translation of
A by x, which is defined as follows:

(A)xz{ceZz|c=a+x for aeA} 3)
Two other important morphological operations are opening and closing defined as:
AoB=(4©B)®B (4)
and
AeB=(4 ®B) OB (5)
respectively.

In order to perform the morphological operations, each pixel of the binary image
should be accessed and transformed according to equations (1) and (2). In this paper
we propose a fast method for performing morphological operations on a binary image
represented by a set of non-overlapping rectangular blocks. We calculate off-line
dilated or eroded images of all related rectangular blocks and form suitable look up
array tables. At a first step, all image blocks are replaced by their look-up array tables.
At a second step, morphological operations are applied only to a limited number of
remaining pixels.

The representation of binary images using rectangular blocks as primitives has been
applied with great success for several image processing tasks, such as image compres-
sion [3,4], Hough transform fast implementation [5-7] and skeletonization [8]. In our
approach we consider binary image decomposition into non-overlapping rectangular
blocks. Since we want to process these blocks off-line, it is preferable to limit their
maximum length and width (constrained block decomposition). We use a revised
algorithm based on [6] in order to limit the maximum size of the extracted blocks.
Figure 1 illustrates block decomposition of a binary image.

2 Morphological operations

In this section, basic morphological operations are performed starting from a block
represented binary image.
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Fig. 1. Block decomposition of a binary image
2.1 Dilation
Based on the following property of dilation [9]:
(XvuY)@B=(X®B) u (Y®B) (6)

we can state that dilating the original image using structuring element B is equivalent
to applying dilation to every rectangular block and replacing all blocks by their corre-
sponding dilated images. Considering that all rectangular blocks have maximum width
and length xm and ym, we can proceed off-line to the dilation of all possible blocks
and store the results to look up array tables. There follows a complete description of
the algorithm.

Step 1:Binary image constrained block decomposition. We extract a set of b, non-
overlapping rectangular blocks with maximum dimension xmxym.

}v] ‘l ses }IKI
Step 2: Construction of a look up array table L(v)= ,v=1...xm«ym,
}v]A “es }\/KA
assigning for every block ixj the KxA array L(j  xm+i), in the following way:
L=C®B (7)

where C is the corresponding block of the table L.

Step 3: Every block of the image is replaced by its corresponding L table and all val-
ues are added in order to construct the final image.

Step 4: The final dilated image is extracted considering as foreground points all points
that have values greater than 0.

Figure 2 illustrates the application of dilation with structuring element B to an im-
age that consists of 2 rectangular blocks 4, 4,.
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Fig. 2. (a) Original image consisting of two rectangular blocks 4,, 4,. (b) Structuring element
B. (¢),(d) Dilation of two blocks. (e) Final image after replacing the blocks by their lookup
tables. (f) Final dilated image

2.2 Erosion

Based on the property that erosion is an increasing transformation [9], that is:
XcY = XOBcCYOB (8)

and since rectangular block is part of the original image, we can state that pixels be-
longing to the eroded rectangular blocks also belong to the eroded original image. To
find other possible points that belong to the eroded image but not to the eroded
blocks, we use the following obvious erosion property:

XOBcX 9

Based on equations (8) and (9), we can state that in order to produce an eroded
block represented image we can replace all blocks by their eroded images and just
check if we have to include points that belong to the original image but not to the
eroded block images. In order to track those points we just add to the eroded block
image C © B the original block image C. As a result we have for every block a 2
value for every original pixel that has not been removed and an 1 value for every pixel
that has been removed due to erosion. First, we replace all blocks by their corre-
sponding look up arrays, and then, we proceed to erosion applying the structuring



element only to pixels with value 1. The complete description of the algorithm is as
follows:

Step 1: Binary image constrained block decomposition. We extract a set of b,,,, non-
overlapping rectangular blocks with maximum dimension xmxym.

Step 2: Construction of a look up array table L(v), v =1 ...xm « ym, assigning for
every block ixj the Kx/A array L(j » xm+i), in the following way:

L=(COB)+C (10)

where C is the corresponding block of the table L.

Step 3: Every block of the image is replaced by its corresponding L table and all val-
ues are added in order to construct the final image.

Step 4: We proceed with erosion applying the structuring element only to points with
1 value considering as foreground points all points with values greater than 0.
The points that turn to foreground are given value 2. The final eroded image is
extracted considering as foreground points all points with 2 value.

For example, for maximum block 30x30, structuring element B (Fig. 2b), block C
5x3 corresponds to look up table L(153) (since 5*¥30+3 = 153) which is constructed in
the following way:

00000 11111 11111
L=(COB)+C= 01110 + 11111 = 112121211
00 0 11111 11111

Figure 3 illustrates the application of erosion with structuring element B to an im-
age that consists of 2 rectangular blocks 4, 4,.
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Fig. 3. (a) Original image consisting of two rectangular blocks A4;, 4,. (b) Resulting image
after applying step 3 of section 2.2. (c) Final image after applying step 4 of section 2.2. (d)
Final eroded image.



2.3. Closing

Taking into account the following property [9]:
Xc XeBcCc X®B (11)

we extract a closed block represented binary image by first proceeding to a dilation
(section 2.1) and then checking to apply erosion to pixels that belong to X @ B and
not to X. To achieve that, we construct for every block C a look-up table L = (C @ B)
+ aC, where B is the structuring element nxm and « is the surrounding area of the
structuring element B (a = n*m). As a result we have for every block an 1 value only
for pixels that must be checked for erosion at the next step. Then, we replace all
blocks from their corresponding look up arrays. All points that must not be candidates
for erosion have value less than a. We use parameter a to increase the value of the
original block pixels in order to ensure that they will not be candidates for the erosion
process. The complete description of the closing algorithm is as follows:

Step I: Binary image constrained block decomposition. We extract a set of by, non-
overlapping rectangular blocks with maximum dimension xmxym.

Step 2: Construction of a look up array table L(v), v =1 ...xm * ym, assigning for
every block ixj the KxA array L(j * xm+i), in the following way:

L=(C ®B)+aC (12)

where C is the corresponding block of the table L, B is the structuring element
B nxm and o = n*m.

Step 3: Every block of the image is replaced by its corresponding L table and all val-
ues are added in order to construct the final image.

Step 4: We proceed with erosion applying the structuring element only to points with
values less than o considering as foreground points all points with values
greater than 0. The points that turn to foreground are given value a. The final
closed image is extracted considering as foreground points all points that are
greater or equal to a.

For example, for maximum block 30x30, structuring element B (Fig. 2b), a = 9,
block C 5x3 corresponds to look up table L(153) which is constructed in the following
way:

11111
1010101010
1010101010
1010101010

11/1]1]1

L=(C ® B)+aC=

S |= == o
S |= == o

Figure 4 illustrates the application of closing.
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Fig. 4. (a) Original image consisting of rectangular blocks A4,, 4. (b) Resulting image after
applying step 3 of section 2.3. (c) Final image after applying step 4 of section 2.3. (d) Final
closed image.

2.4. Opening

The following morphological property [9]:
XOBc XOBcCcX (13)

leads us to the conclusion that all points of the eroded image belong to the opened
image and a further check must be made only for points that belong to the original
image and not to the eroded image. We first follow steps 1-3 of section 2.2 in order to
extract the eroded image. To trace the points that must be checked if they belong to
the opened image, we give value 3 for all pixels that belong to the original image and
not to the eroded image. At a next step we check only those pixels for dilation. The
algorithm is as follows:

Step 1: We follow steps 1-3 of section 2.2.

Step 2: We proceed with erosion applying the structuring element only to points with
1 value considering as foreground points all points with values greater than 0.
Points that turn to foreground are given value 2 while points that turn to back-
ground are given value 3.

Step 3: We proceed with dilation applying the structuring element only to points with
3 value considering as foreground points all points with 2 value. Points that
turn to foreground are given value 1. The final closed image is extracted con-
sidering as foreground pixels only pixels equal to 1 or 2.



Figure 5 illustrates the application of closing with structuring element B (Fig. 2b) to
an image that consists of 2 rectangular blocks 4;, 4,.
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Fig. 5. (a) Original image consisting of two rectangular blocks A;, 4,. (b) Resulting image
after applying step 1 of section 2.4. (c) Resulting image after applying step 2 of section 2.4.
(d) Image after the dilation of step 3 of section 2.4. (e) Final closed image.

Table 1. Processing times

Point Block CPU

representation representation gain

Erosion 0,37 sec 0,48 sec -29.7 %
Dilation 0,66 sec 0,20 sec 69,7 %
Opening 1,08 sec 0,82 sec 24,1 %
Closing 1,29 sec 0,55 sec 57,4 %

3 Experimental results

Experiments were conducted with a variety of binary images represented by a set of
non-overlapping rectangular blocks. We constructed the final images after applying
the four basic morphological operations, that is dilation, erosion, opening and closing,
with a variety of structuring elements. The resulting images were found to be identical



to the corresponding images that result from point represented images. Table 1 shows
the average times consumed for all operations starting from point or block representa-
tions as well as the CPU time gained when using block representation. Despite the fact
that erosion takes more CPU time when using block representation, we notice a sig-
nificant acceleration of dilation which boosts the operation of opening and closing.

4 Conclusions

This paper proposes a new technique for fast implementation of morphological trans-
formations in binary images represented by a set of non-overlapping rectangular
blocks. Using predetermined look-up tables, certain morphological operations are fast
implemented. The experimental results obtained are very promising.
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