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Abstract— The main objective of the current study is to develop an automatic tool to 

identify and classify the bacterial cells in light microscopic cell images. Present methods rely 

on   the subjective reading   of   profiles   by   a    human   expert   using various   staining 

methods. Different types of bacterial cells, namely, bacilli, cocci and spiral images are used 

in the proposed work.  For feature extraction, Linear Discriminant Analysis (LDA) and 

Principal   Component Analysis (PCA) are used.  To identify the   bacteria   types, simple   

Nearest   Neighbor classifier is used.   Neural network is used for validating and testing 

the bacterial images.   The efficiency of the proposed method has been tested through 

experimentation by means of fifty bacterial images in the generated database. 

 

Keywords—   Bacterial   identification, L i g h t  microscope bacteria images, LDA, PCA, 

and Neural network. 

 

 

I. INTRODUCTION 

Bacteria are found to be the main cause for disease outbreak. Bacteria are unicellular 

microscopic organisms which can only be seen through microscope. Bacteria exist in 

various shapes and sizes and they measure in micro-meter (which is a millionth part of a 

meter). Bacteria are found in all types of environments. There are several types of bacteria 

in the world. . Therefore, a bacterial type diagnosis is required, i.e., the identification of 

pathogens seems to be important task [1].  Most  of  the  bacteria  are  characterized  by  

three  main shapes: rod  (rod  shaped bacteria  are  called bacilli),  sphere (sphere shaped  

bacteria are  called  cocci)  and  spiral  (spiral shaped bacteria are called spirilla or spiral). 

Some bacteria possess different shapes, which are more complex than the above mentioned 

shapes. 
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Defining an effective and preventive treatment involves a characterization of the 

disease outbreak by identifying its pathogens. The requirement to analyze enormous 

amounts of microbiological data involves computer modeling and automation. Present-day 

manual procedures are prone to great erraticism within and across the human experts due to 

natural fuzziness present in the microbiological data.  These procedures are time 

consuming and are of abundant cost. Reducing the amount of human intervention in the 

data analysis is crucial in order to cope with the increasing volume of data and to achieve 

more objective and accurate measurements as well as to obtain repeatable results [2]. 

 

The bacterial type identification will be accomplished using Image processing and Pattern 

matching techniques [8]-[12]. In this work, the gram stained bacterial images are obtained 

from the samples and cultures of light microscope are used for finding out the bacterial 

type using image feature extraction and classification methods. Low-dimensional feature 

representation with enhanced discriminatory power is of paramount importance to 

bacterial identification system.  Linear discriminant analysis   (LDA)      based      methods 

a n d nearest neighbor classifier methods are proposed in this work for bacterial 

identification. To date, several of the biological and microbiological data analysis [2]-[5], 

in certain on bacterial type modeling, involves an extensive amount of human involvement. 

 

II. METHODS 

The Image processing & pattern recognition presented in this work provides  for  an  

automated,  objective  and  robust analysis of visual data, along with the capability to  

handle with increasing data volumes. Feature selection for bacterial identification is one of 

crucial issues to Bacterial Identification (BI) systems. The general bacterial identification 

system has two things, one is bacterial database generation and training and then another 

one is the bacterial type identification. The overall outline for bacterial identification is 

based on Principal Component Analysis (PCA), Linear Discriminant Analysis (LDA) and 

Nearest Neighbor classifier. PCA and LDA are two great tools used for data reduction 

and feature extraction in the appearance-based approaches [2]. A smear of mixed culture 

bacteria is deposited on a glass slide and thoroughly air-dried. It is stained for 1  min in 

Crystal Violet solution, 1  min  in  iodine  solution,  washed  for  20s  in  ethanol  and 

finally, counterstained with safranin for 1 min. The glass slide is examined under oil 
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immersion with direct illumination in a light microscope equipped with a Sony color 

camera. 

 

A. Database Generation 

 

The Fig.1 shows the general block diagram for bacterial database generation and training. 

Here, the input bacterial image is resized to (85 × 97). So, it is likely to obtain different 

orientation of the bacterial images, which are used as training pattern. The  training 

patterns are  processed by PCA,  LDA methods and then the bacterial database is 

generated.                                                                                                              

 

  . 

 

 

 

 

 

Fig. 1 Bacterial Image Database generation and Training. 

 

B. Bacterial Class Identification 

The Fig.2, explains the bacterial identification technique which has the related functions 

of the bacterial database generation for  an  unidentified  bacterial  image.  Then  the features  

of  the  unidentified  image  are  matched  with  the existing bacterial database and the 

matching major class and sub class of bacteria are identified. 

 

 

 

 

 

Fig. 2.  Bacterial Type Identification. 

III. LDA BASED APPROACH 

There are many possible techniques for classification of data. Principal Component 

Analysis (PCA) and Linear Discriminant Analysis (LDA) are two generally used methods 
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for data classification and dimensionality reduction.  Linear Discriminant Analysis 

certainly handles the case where the within-class frequencies are uneven and their 

performance has been studied on randomly produced test data. This method maximizes the 

ratio of between-class variance to the within- class variance in any particular data set 

thereby ensuring maximal   separating.   The   usage   of   Linear   Discriminant Analysis for 

data classification is useful to classify problem in speech recognition also.  An algorithm 

for LDA is implemented in expectations of providing enhanced classification compared to 

Principal Components Analysis. The main difference between LDA and PCA is that 

PCA ensures more of feature classification and LDA ensures data classification. In this 

approach, PCA is used as a pre- processing step for dimensionality reduction so as to 

discard the null space of the within-class scatter matrix of the training data   set  [7].   Then   

LDA   is   performed   in   the   lower dimensional PCA subspace. However, it has been 

shown that the discarded null space may contain significant discriminatory information. In 

PCA, the location and shape of the original data sets varies when transformed to another 

different space whereas  LDA doesn’t alter the location but only tries to provide more class 

separability    and    draw    a decision    region    between    the considered    classes.    This 

method   also   helps   to   better understand the distribution of the feature data. 

The most famous example of dimensionality reduction is “principal components 

analysis”. This technique searches for directions in the data that have largest variance and 

subsequently project the data onto it. In this way, we obtain a lower dimensional 

representation of the data, which removes some of the “noisy” directions. Eigen vectors can 

be thought of as  a  set  of  features that together characterize the  variation between the 

images [6]. There are many difficult issues with how many directions one needs to choose, 

but that is beyond the scope of this note. PCA is an unsupervised technique and as such 

does not include label information of the data. For classification, this would be a terrible 

projection, because all labels get evenly mixed and we destroy the useful information. A 

much more useful projection is orthogonal to the cigars, i.e. in  the  direction  of  least  

overall  variance,  which  would perfectly separate the  data-cases (obviously, we  would 

still need to perform classification in this 1-D space). So to utilize the label information in 

finding informative projections Fisher- LDA considers maximizing the following objective: 

 

J(w) = wTSBw/wTSWw 
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Where SB is the “between classes scatter matrix” and SW is the “within classes scatter 

matrix”. Note that due to the fact that  scatter        matrices  are        proportional  to    the 

covariance   matrices  we  could  have  defined  J  using covariance matrices – the 

proportionality constant would have no effect on the solution. Although the method has 

been successfully tested on low dimensional patterns whose dimensionality is D>=20, it 

cannot be directly applied to high- dimensional patterns [8]. Hence any bacterial image is 

resized to the same size i.e. size of (85 × 97) as shown in Fig.3 

 

 

 

 

 

(a)                           (b)                         (c) 

Fig. 3 Sample input images of three types of bacteria 

(a) Coccus (b) Bacillus (c) Spirillum 

 

IV. RESULTS 

The bacterial image database contains 3 distinct bacteria with 50 images per bacteria. 

The images are taken at different time instances, with varying lighting conditions, and 

varying magnification factors.  The bacterial identification system has a multi-view 

database, consisting of 150 images of 3 bacteria, each covering a wide range of orientation. 

Fig.3 [13] depicts some input samples contained in the databases, where each image is 

scaled into (85 × 97), resulting in an input dimensionality of N= 8245.  This work mainly 

consists of two phase’s namely bacterial database generation and bacterial identification. 

.The partition of the bacterial training set database is done by 50 images per bacteria. Thus, 

a training set of 150 images is created. 

 

For the bacterial identification process, the significant discriminant value is calculated by 

performing all the process involved the training phase. But here depending on the 

orientation of the bacteria, only one discriminant feature value will  be  available.  Then the 

classification of the bacteria is done as follows. 
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A classification step in which each feature representation obtained in the first step is fed 

into a simple nearest neighbor classifier. It should be noted at this point that, since the 

focus on feature extraction, a very simple classifier, namely nearest neighbor, is used. The 

eigenvalues of the bacteria images are used as the parameters to train the feed forward back 

propagation neural network. The trained network is validated with new bacterial images. 

This neural network is used for testing the unknown bacterial images with the suitable 

parameters. The trained network has been validated with different set of images and the 

unknown class has been tested. The regression plot of the training, validation and testing 

phases have also obtained as shown in, Fig. 4. 

 

Fig.4 Plot showing the performance of the neural network in Training. 

 

Fig. 5 Plot showing the training state of the neural network in Training, 
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Fig. 6 Menu template for Bacterial Identification System. 

 

 

Fig.7 Major Class of Bacterial Display (Bacilli). 

 

Fig.8 Major Class of Bacterial Display (Spirillum). 
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Fig.9 Major Class of Bacterial Display (Coccus). 

 

V. CONCLUSION 

In this work a new feature extraction method for bacterial identification tasks has been 

proposed. The method introduced here utilizes the well-known framework of linear 

discriminant analysis and it  can  be considered as  a generalization of  a number of 

techniques, which are commonly in use. The effectiveness of the proposed method has 

been demonstrated through experimentation using one hundred and fifty popular bacterial 

image training set. Automatic screening will entail several advantages, like a extensive 

reduction in the manual labor workload of clinicians, improving the sensitivity of the test  

and  a  better  accuracy  in  diagnosis  by  increasing  the number of images that can be 

analyzed by the computer. 
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