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Automatic Segmentation and Classification of
SEM Images of Bacteria Cells
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Abstract; In the field of microbiology, digital image analysis
methods are receiving significant attention to automatically
interpret images of bacterial cells. An automatic procedure to
extract and classify images of lactic acid bacteria (LAB) is
presented in this paper. Edge based watershed method with
automatically generated markers were used to retain the image
information at fine scales. The experiment was conducted on
images containing one type of bacteria. The scanning electron
microscopic (SEM) images of lactic acid bacteria (LAB) are
used in this experiment. The image analysis and classification
technique described in this paper is quick and simple to
recognize organisms based on their morphological
characteristics. The classification results indicate that routine
methods for the detection, enumeration and identification of
bacteria can be automated with use of direct microscopic
methods.
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I. INTRODUCTION

Microscopic image segmentation is another region that is
affected by computing methods. In many instances, the
medical diagnosis in histology is based on quantitative
measures such as calculating the cell strength of a particular
cell type or analyzing their shape and measuring their sizes
based on the microscopic images. It is highly time-consuming
and labour intensive task to classify and identify bacterial
cells manually. In order to facilitate the recognition and
enumeration of particular bacteria, we have started to explore
alternative methods. Such automated methods of bacterial cell
image analysis are fast, robust and reliable. So they are very
helpful in routine biology.

Lactic acid bacteria are the major groups of microorganisms
used in fermentation of food [1]. Size and shapes of bacterial
cells are helpful and important morphological characteristics
[2],[3] which can be used in the detection of bacteria. Electron
microscope has become more and more useful in imaging
techniques for microbial study over the past decades [4]. SEM
equipment are highly capable of producing high quality
images from time lapse experiments [4].The main objective of
analyzing an image is to recognize features of an image such
as s shape, size, optical density, position and
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other morphological features. Electron microscopic imaging
mechanisms have become very essential and useful to study
microbial community. Due to its highly accurate results, easy
repetition of tasks and fidelity. The objective of this paper is
classifying SEM images of bacterial cells based on cell
morphology.

Il. LITRATURE SURVEY

Recently, a large number of researches have been conducted
to extend computer vision and machine learning techniques
for the automated analysis of microscopic image of bacteria
cells. Among the most recent related works on segmentation
of object areas, common approaches are thresholding[1],
adaptive thresholding [9], watershed transformation[10], and
machine learning techniques[2]-[4],[5] and deep learning
methods[6],[7] and active contour model[8]. It is found that
manually adapted threshold value does not operate well [1]
for heterogeneous background.Several applications in the
computer vision community and medical image analysis [11]
have adopted the conv -networks. Despite the scope of their
uses in various areas, convnets have only recently introduced
for biological data analysis, and latest work shows that
convnets have important potential to address a biologist's
needs in data analysis[13].In the computer vision community,
the great success of the Convolutional Neural Network
(CNN) in the task of image classification[14], the model of
deep learning has been widely accepted. In recognizing
objects well-trained deep conv-net architecture shows
excellent performance compare to humans. Support Vector
Machine (SVM) [14] is a popular non-parametric technique
for binary classification.

I11. PROPOSED METHODOLOGY

The Proposed method is involves following three
approaches as depicted in Fig. 1.

A. Noise Removal

Noise is undesirable data contaminating an image. Noise
presents images during capturing phase and also because of
the imaging device's optical properties. Removing noise while
preserving image quality is the very first step in our
methodology. We used morphological operations to remove
the noise with distinct structuring elements. Dilation, erosion,
opening, and closing are the various operations conducted.
We have integrated opening and
closing activities with various
structuring components to obtain
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more sophisticated results. gradient image provides final segmented images of
required objects.

B. Image Analysis and Classification Step 10: Perform segmented image labeling after removing

The objects from bacterial cell image are separated from the boundary touching cells.

background in order to isolate relevant objects. The low  step 11: Calculate geometric shape characteristics (i.e.

contrast presents an image segmentation challenge. The length-width ratio, tortuosity, compactness,

segmentation shall be carried out as described i.e. segmenting
the initial gray scale image using the proposed edge based Step 12:
watershed method with automatically generated markers Step 13:
technique. Marker based morphological segmentation of the '
watershed imitates the landscape's natural phenomena. The
mountains are like the ridge lines and valleys are the

catchment basins in the landscape. This method involves the
use of foreground and background markers for computing the
object of choice and background pixels. The pixel values of
high intensity correspond to ridge lines and pixels with lower
intensity correspond to valley points in the image. A valley is
a elevation area surrounded by lines of ridge [17][18]. To
decrease the issue of over segmentation, we used the

edge-based gradient magnitude image and applied watershed
transformation technique. Image Segmentation
This technique includes the application of background and
foreground markers for selecting foreground and background
pixels. Literature survey gives information about various
marker calculation techniques such as connectivity and
clustering based on image features, gray-level values, and
using neural networks, but in this paper, marker-controlled
morphological procedures are wused. The methods
reconstruction based closing and opening are used to
calculate foreground markers. These methods yield is the flat
maxima inside each object in the image. Soon after

completing this process obtain regional maxima points for
every foreground object. This technique is very efficient
because it removes only the tiny defects without influencing
the object's morphology. Superimposing images of
foreground markers on the initial image to view the outcome.
The background markers were acquired by first taking the
internal marker complement followed by the morphological
erosion. These external markers split the image efficiently
into distinct areas, each region having a single internal marker

circularity, and eccentricity) for each cell type.
For all the training images, repeat steps 1 to 6.
Calculate standard deviation, mean of the features
values for every feature extracted in the step 11.
Step 14: Apply bacterial cell classification operations.

and context. The watershed transition is calculated using the
morphologic techniques computed with both foreground and
background markers. Fig. 2, shows sample images used in the
process.

C. Algorithm

Step 1: Modify the input image to grayscale image.

Step 2: Use edge detection function to develop gradient
images.

Step 3: Select the foreground areas of the image using
morphological reconstruction.

Step 4: In order to get the best foreground markers,
calculate regional maxima and minima.

Step 5: Superimpose the initial image with the
marker.

Step 6: Use edge reconstruction to clean the marker edges.

Step 7: Calculate markers for the background.

Step 8: Modify the gradient image with foreground and
background markers through morphological
reconstruction.

Step 9: Watershed transformation application to altered

Fig: 1. Proposed Approach
The above classification algorithm classification is done by
different classifiers such as SVM, KNN and CNN. Accuracy
of classification is compared.
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Fig. 2. First row: Sample input images used for classification process Second row: Output
Images.

As the class is determined on the basis of geometrical
characteristics, primary morphological characteristics are
extracted. The aim of the SEM image analysis of lactic acid
bacteria is to define the type of bacteria whether they are
lactobacillus or lactococcus or or staphylococci on the basis
of morphological shape features. Among the geometric
characteristics used by different writers in the
literature[4],[7],[27],[28], five geometric characteristics are
noted, namely eccentricity circularity, tortuosity,
compactness, and length-width ratio, which gives good
classification outcomes. In this paper the following five
characteristics are applied on SEM images of bacterial cells.
Circularity(x, ): (4 * pi * Area)/perimeter?
Compactness(x,): Compactness is defined as the ratio of the
area of an object to the area of a circle with the same
perimeter, perimeter® /(4*pi*Area).
Eccentricity( xs ) : It is the length ratio of the shape's
highest chord to the longest chord
perpendicular to it. i.e. Length
major_axis /Length minor_axis .
Tortuosity(x, ) : major axis/perimeter.
Length-width ratio( Xs ): major axis/minor axis.

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

In this experiment input for image analysis and
classification three types of lactic acid bacterial cells are
considered. The images divided into two groups testing group
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and training group. In training phase 90 images were used
and about 60 images testing set were taken to assess the
classification accuracy.

With CNN classifier, the classification experiment is
conducted and obtained 99 percent of accuracy. Table 1
summarizes the outcomes and Fig. 3 shows the chart
representation of the same. The CNN classifier provides most
precise class predictions for lactobacillus whereas lowest
accuracy predicted by SVM for lactococcus.

In Table 2, mean as well as standard deviation of the
geometric features obtained for lactic acid bacteria cells are
given.

The gained precision of classification raises the question of
possible sources of mistake. Obviously, since in the
segmentation stage there clinical observation on detecting
overlapping bacterial cells are executed. So the information is
bound to include a substantial quantity of overlapping cells
with morphological degeneration.

The accuracy of classification confirms that the
characteristics of morphology are informative for the
suggested classification issue.

Table-I: Classification Accuraccy

Classification accuracy (%)

Cell Types SVM K-NN classifier Neural
Classifi Network
assilier =1 k=3 | clasdfier
Lactobacillus 80% 7% 8% o0%
Streptococcus T9% 36% 28% 08%%
Lactococcus 73% 82% 83% 98 6%
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Table-11: Geometric Parameters of the cells

Cell Type Diameter Tottuosity Circularity Compactness Length-Width
Ratio

Mean | Standard | Mean | Standard | Mean | Standard | Mean | Standard | Mean | Standard

Deviation Deviation Deviation Deviation Deviation

Lactobacillus 09651 | 0.0273 |0.3952 | 0.0333 [0.3142 | 0.2102 (3.7141 | 0.8241 |4.5236 | 1.0210
Streptococcus 0.2812 | 0.0732 | 0.3318 | 0.3424 |0.3429 | 0.1914 | 0.6921 | 0.0364 | 1.4779 | 0.1254
L actococeus 1.3306 | 0.0257 |0.3439 | 0.0314 |0.5987 | 0.4213 | 1.6702 | 0.3421 | 1.4016 | 0.1461

V. CONCLUSION REFERENCES

We have suggested an automated model in this paper for
lactic acid bacteria cell image analysis by proposing a method
for segmenting the images of bacterial cell and to extract
geometric features from the cells. The described technique is
less expensive and produces a significant set of classification
rates. It has produced results in the range of 81% to 99% with
SVM classification having reached 75% to 80% and 98% to
99% with CNN classifier. The suggested technique is
computerized less costly and results similar levels in the
range.

Better techniques and function sets which can be adopted in
our future work could be further enhanced. In addition, the
results of the experiment were very well correlated with the
population of the reference. The findings in this paper
motivate the further investigation on bacterial cell image
analysis. The method can discover its use in the medical
sector in the tentative identification of cells in clinical
specimens and in the environmental sector in order to
recognize the existence of helpful crops in addition to use in
systematic study labs. It can also be used to rapidly determine
the existence of possible contaminants in food industries.
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