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ABSTRACT

Mathematical morphological (MM) operations plays vital role
in image processing and in enhancing the region of shape.
Especially the application of basic morphological operations
is used in enhancing the image quality.

This paper describes an experiment with morphological
operations for reducing the salt-and- pepper noise from the
images of bacteria. The quality of enhanced images is
measured based on  image quality assessment operations.
Experiment's results are given in comparison with various 2D-
flat Structuring Element(SE).
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1. INTRODUCTION

Mathematical morphology is based on set theory principles.
This includes techniques to process digital images.
Morphological operations works on geometrical shape of the
object in an image. A morphological operation considers
relatively ordered pixel values. Thus morphological
operations are mainly suitable for  gray scale or binary
images. Previous experiments [12] [13] [14] [1] [2] shows that
MM operations have been used to subjectively reduce the
noise level in images.

Random variation in image brightness is noise. Noise
degrades an image. Primarily noise is added to the image due
to image acquisition phase in which an optical image
converted to continuous electrical signal and then it is
sampled [14]. Noise removal without image distortion is
almost impossible. But noise must be reduced to certain
acceptable level to analyze the image for further processing.
Salt-and-pepper noise is a type of additive noise which is most
common in images. Malfunctioning camera sensors, image
signal transmission in noisy channel, corrupted memory areas,
timing faults in the digitization step may result in salt-and-
pepper noise [14].

2. MORPHOLOGICAL OPERATIONS

In image processing morphological operations highly
experimented [6] in improving the appearance. To reduce the
noise the MM is also applied it uses structuring element to
probe the image and thereby useful information from the
image can be obtained and noise can be reduced while
preserving the features. This paper is on an experiment in
which four morphological operations are working to reduce
the noise from the gray scale image and thereby enhancing the
quality of the images.
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2.1 Structuring element

Structuring element is a simple, predefined shape, used to
probe an image. Structuring element defines the neighborhood
of the pixel of interest.

Especially flat structuring elements when used with
morphological operations are suited to process gray scale and
binary images because their light transfer function is not
known and morphological operators are based only on the
relative ordering of pixel values, instead of their numerical
values.

From graphical pint of view, structuring elements can be
represented either by a matrix having 0’s and 1’s or as a set of
foreground pixels all having values 1. Some conventional
structuring elements like arbitrary, ball, diamond. There are
two types of structuring elements, flat SE and non flat SE
[15]. In this paper five arbitrary flat structuring elements
namely disk, square, rectangle, line, octagon has been used for
the experiments and shown in below.
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2.2 Dilation

Dilation is useful in adding pixels to the region boundaries or
it is also used for filling the holes in the image [7]. The
problem associated in applying dilation operation is there is a
chance of closing the holes completely or narrowing the holes
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in an image [9]. So dilation can stretch or shrink the original
figure. Disjoint pixels can be connected or pixels can be
added at edges using dilation operation.

2.3 Erosion

Erosion operation produces the reverse effect of dilation. In
erosion boundaries will be narrowed and it expands the holes.
This is done by setting an ON pixel to OFF as a structuring
element sliding across the image. All the pixels which are
completely overlap ON-valued pixels set to OFF.

2.4 Opening and closing

To obtain the desired results erosion and dilation can be
applied repeatedly. However, execution order of these
operations can show a difference in the processed image.
Opening and closing are obtained by combining dilation and
erosion.

Opening operation involves erosion followed by dilation with

the same structuring element. While closing operation starts
with dilation followed by erosion with the same structuring
element. Smoothening the contours of objects, breaking
narrow joints and eliminating thin protrusions is carried out
through opening. In closing smoothing of sections of
contours is possible but it fuses narrow breaks, includes gaps
in the contour and removes small holes. As it is mentioned in
[7], opening operation must be used if small noise regions are
more in an image. Closing, on the other hand restores
connectivity between close proximity objects.

Fig 6: Original image of lactococcus

3. PROPOSED APPROACH

In digital image processing the term morphology refers to a
special type of filtering and SEs. Selecting an appropriate SE
is a highly important task in morphological image processing.
SE can be represented either by a matrix having 0’s and 1’s or
as a set of foreground pixels all having values 1. In both the
representation, the origin of SE must be clearly identified.

This approach is based on removal of salt-and- pepper noise
using morphological operations with 2D-flat structuring
elements. The approach is shown diagrammatically in Figure
7. In the first stage of proposed approach color images of
lactococcus bacteria in different dimensions are taken and
then transformed into gray scale image in the second stage.
The gray scale image is represented as intensity values
varying from black at the weakest intensity to white to the
strongest. In the third stage the morphological operations are
executed with arbitrary flat SE which are proposed in this
paper and are shown in figure 1 to 5.
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Fig 7: Steps used in the proposed approach

4. EXPERIMENTAL RESULTS AND
DISCUSSIONS

Five flat arbitrary SE have been used to carry out the noise
removal operation using morphological operators. They are
disk ,square, line, octagon and rectangle, five real life images
has been chosen to do the experimental work” lactococcus
image of 512*512,460%819,1024*1024,1218*1120,and 2048
* 2048 dimensions within six percent of salt and pepper noise
are used. It has been observed from the final resultant images
(figure 8 to figure 12) using square shaped SE most of the
noise can is reduced. The statistical measurements with PSNR
and MSE are also shown in figl3 to figl6.The statistical
measurements of enhanced images by removing noise is
shown.

It is found from the statistical measurements using the
proposed approach in respective of PSNR the square
boundary SE produces higher PSNR and octagon SE produces
lower PSNR. In respective of MSE with octagon boundary SE
produces higher MSE and square SE produces lower MSE.

5. CONCLUSION AND FUTURE WORK
For digital images SE plays a significant role in image
enhancing by noise removal using morphological image
processing. The choice of different structuring elements
would lead to myriad applications and analysis and processing
of geometric information of the image lied there in and thus
would ultimately decide data distribution and data volume and
their nature in the morphological transform. Dilate, erode
open and close are the morphological operations applied on
noisy image of the lactococcus bacteria in this experiment.
Even if these operations have their own contributions in
enhancing the images, combination of these operators are
made it possible to significantly improve the appearance of
the noisy image by noise reduction. The conclusions are
drawn in this paper are purely based on results of the
experiments.

In this paper the morphological study with five arbitrary SE

to accomplish noise removal operation has been carried out.
The statistical measurements are also shown and as per visual
perception analysis the resultant images with square SE yields
better accuracy in removing noise is recognized. In the future
research, more morphological operations can be used and
experimented for higher noise levels.
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Fig 11: Using rectangle SE

Fig 12: Using octagon SE
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