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Abstract 

This paper introduces the segmentation of Neisseria bacterial meningitis images. Images segmentation is an operation 
of identifying the homogeneous location in a digital image. The basic idea behind segmentation called thresholding, 
which be classified as single thresholding and multiple thresholding. To perform images segmentation, transformations 
and morphological operations processes are used to segment the images, as well as image transformation an edge 
detecting, filling operation, design structure element, and arithmetic operations technique is used to implement images 
segmentation. The images segmentation represent significant step in extracting images features and diagnoses the 
disease by computer software applications.  
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1. Introduction

In computer vision techniques, segmentation is the process of partitioning a digital image into multiple segments sets 
of pixels, also known as super pixel[1]. The goal of segmentation is to simplify or change the representation of an image 
into something that is more meaningful and easier to analyze. Image segmentation is implemented in various 
applications, for all the applications, individual method cannot produce the desired result; it is due to that the images 
have different property and some other factors like noise, and intensity resolution[2].  

Image fragmentation algorithms generally based on one of two basic properties of density values: discontinuity and 
similarity[3]. In the first class, the approach is to divide Image segmentation algorithms generally based on one of two 
basic properties of intensity values: discontinuity and similarity[4]. In the first category, the approach is to partition an 
image based on abrupt changes in intensity, an edge-detection algorithms fall in this category. In the second approach, 
an image partitioned into regions that are similar according to set of defined criteria[5]. Thresholding and watershed 
segmentation fall in this category. Many biological images contain of light objects over a constant dark background 
(especially those obtained using fluorescence microscopy); in such a way that object and background pixels have gray 
levels grouped into two dominant modes[6]. 

Diagnostic imaging is a vital tool in medicine nowadays. Magnetic resonance imaging (MRI), computed tomography 
(CT), digital mammography, and other imaging modalities provide an effective means for noninvasively mapping the 
anatomy of a subject[7]. These tools have greatly increased knowledge of normality and diseased anatomy for medical 
research and are essential component in diagnosis and planning, within increasing size and number of medical images, 
the use of computers in facilitating images treating and analysis has become an essential. In particular, computer 
algorithms for the outlining of functional arrangements and other areas of interest are a key component in supporting 
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and regulating specific radiological responsibilities[8]. This paper is about the application of image segmentation 
techniques by taking a digital light microscope image of a smear of Cerebrospinal fluid (CSF) that diagnosed in the 
laboratory by chemical methods as being infected with the Neisseria bacterium that causes meningitis. 

2. Related Work 

A great deal of research has been done in medical image diagnosis. The medical segment is essentially the cornerstone 
of medical image diagnosis using computer applications. Advances in imaging technologies such as computer 
tomography (CT) and magnetic resonance imaging (MRI) have made available to clinicians high-resolution images that 
have greatly aided in clinical diagnosis[9]. Segmentation is a reciprocal method so it is difficult to list most segmented 
areas. The key to segmentation is a digital grayscale medical image (CT or MRI). In this work, optical microscopy images 
are used to perform the segmentation process. 

3. Methodology 

In this work, samples were collected from cerebrospinal fluid from Al-Amin Hamid Children's Hospital in Omdurman, 
Sudan. The total number of cerebrospinal fluid smear images taken is 40, which were affected by Neisseria bacteria, and 
the scale of the images is 300 μm. CSF blot images in red, green, and blue (RGB) colors are the product of the image 
acquisition stages; then the images are segmented. Matlab version Ra2014 was used to perform this work. Segmentation 
of the RGB smear image undergoes several operations. In these steps, bacteria cell boundaries are determined, and each 
bacterial cell is cropped from other surrounding CSF components into a sub-image containing only one bacteria cell on 
a white background. Techniques implemented are converting RGB image to binary images. Edge mode by Sobel and 
Prewitt methods, applying mathematical morphology such as filling process, and merging using structural design 
element (disk) to form a threshold of a reliable segmentation algorithm. This lead to extraction of images of bacterial 
cells, which is an area of interest, its internal component in a black and white image[10]. Figure 1 shows the image 
segmentation process. Bacterial images were isolated by cutting them from the rest of the image components in order 
to extract certain characteristics from the bacterial image and calculate the error resulting from the process of cutting 
bacteria images as an alternative to the computerized segmentation process. 

 

Figure 1 Images segmentation steps 

4. Results and discussion 

The result of image segmentation is a set of segments that cover the entire image, or a set of contours extracted from 
the image. Each of the pixels in a region is similar with respect to some characteristic[11]. There are no images 
enhancement done in this data acquisition such as noise reduction, stabilizing the color variation, illumination 
imbalance and lower uniform luminous intensity. Therefore, re-processing steps not needed to address the image flaws 
and to prepare the data for further analysis. The images in figure (2) to figure (6) shows the result of the CSF smear 
images segmentation algorithm. 
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The segmentation images of CSF smear are the groundwork for the features extraction then the classification process 
of the images[12]. The result of image segmentation is a set of segments that collectively cover the entire image, or a set 
of contours extracted from the image. Each of the pixels in a region is similar with respect to some characteristic or 
computed property, such as color, intensity, or texture. Adjacent regions are significantly different with respect to the 
same characteristic[11].  

In this work, an image segmentation based approach performed by using mathematical and morphology operation. In 
spite of the variation in the smear staining and the way of scanning the smear, however the CSF smear images colors 
appear in each bacteria image by the same or approximately same ranges. In the normal CSF smear images appear by 
another different way in color from the images infected by bacteria .Image segmentation technique depends on different 
methods that be followed to complete the process accurately for each group of images separately and each image has a 
different experience[13]. 

  

Figure 2 RGB CSF smear image Figure 3 Black and white color transformation 

  

Figure 4 Edging image Figure 5 Dilate image 
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Figure 6 Segmented image 

5. Geometrical evaluation of the isolated bacteria images 

  

Figure 7 Neisseria Sub images area Figure 8 Segmented Neisseria cells areas 

 
Figure 9 Neisseria errors in areas 
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The errors in isolated bacteria images process evaluated by geometrical methods .Fig (7) illustrate the Neisseria sub 
bacteria images area fig (8) illustrate the Neisseria segmented areas, fig (9) illustrate the geometrical errors resulting 
from the variation in the areas of isolated bacteria's and segmented images for Neisseria. The mathematical formula, 
which used is the error in bacteria cell area=sub bacteria cell area-segmented bacteria cell area[14]. 

6. Statistical evaluation of the isolated bacteria images 

The elemental mathematical linear and non-linear relations between measured values of bacteria cell area are essential 
in order to use linear regression for the calculation of the optimums of the desired values[15]. For the Neisseria types 
of bacteria, the linear requisition for the optimal values shown in fig (10). The linear regression is powerful tool for 
analyzing the data. To evaluate the regression errors for the isolated bacteria it is assumed that the values of the isolated 
Bactria areas is represented by the variable X and the values of segmented Bacteria is represented by Y variables, 
applying the linear regression errors equation below[16]. 

 

Where: Y is segmented Bacteria areas. 

        X is isolated Bactria areas 

 

Figure 10 Isolated bacteria image.  (a)Isolated Neisseria (gray color) 

(b) Isolated Neisseria (colored) 

 

Figure 11 Neisseria isolate cell regression errors 

Y=a X+ b                           (1.0)       

 

A B 
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7. Conclusion 

This is a segmentation algorithm designed to extract a single bacterial cell from the other CSF components shown in the 
image and separate the bacteria region from the CSF region. There are several ranges of image processing techniques 
are used for bacteria cell isolation, such as color level conversion image threshold, mathematical operations, and 
modulation[17]. A gradient edge detector designed and used to detect edges. In edge-based segmentation algorithms, 
Canny's algorithm produced the best hash compared to Sobel and Prewitt[18]. The proposed methodology achieved 
acceptable results and the bacteria region separated from the CSF region. In edge-based segmentation algorithms, But 
there are a variety of image segmentation techniques that can be applied to obtain a distinctive result for the bacterial 
classification process[19]. When the image is cut to isolate it from other image components, errors occur in the extracted 
image area, which results in errors when extracting image features to complete the automatic classification process[20]. 
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