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ABSTRACT
Image processing techniques of  a chest X-ray image includes noise removal followed by 

segmentation, feature extraction to locate regions and classification. The chest image appears 

differently when viewed from different angles or under different lightings. Diagnosing TB 

stays a challenge. The customary medical specialty, even so count, variety ways, they are 

gradual and frequently unreliable. In ancient poster anterior chest radiographs, several 

clinical and diagnostic functions build use of  computationally designed algorithms that 

assist in scientific diagnostic analysis by victimization acquisition of  pictures. The Digital 

image may be a necessary medium for analyzing, annotating, patient’s demographics 

coverage in screening of  TB via chest radiography. This paper deals with the essential 

segmentation methods of  TB. In our methodology, this disease can be fastly and accurately 

identifiable by the merge segmentation methods of  K means with Marker-based Watershed 

segmentation which has highest precision and recall values when compared to the several 

other segmentation methods which is been is discussed. More than 80 chest Xray images 

output for recall and precision is discussed here.

KEYWORDS
Watershed Segmentation, Marker-Based Watershed Segmentation, Otsu, K means, 

Gamma correction.
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1. INTRODUCTION
The chest X-ray films gives certain vital information about the patients. However, the 

researchers are been encouraged to develop computer algorithms to assist the radiologist in 

diagnosis process. Automatic segmentation is one of  the first steps of  such computer-aided 

systems. Medical imaging technological know-how could be facts managing an integrated 

system designed for the screening of  T.B. patients. The screening technique is extended with 

the help of  creating the reviewing procedure faster via reducing eye fatigue. In this paper 

we tend to discuss, regarding the varied automatic approaches for sleuthing the TB. Here 

numerous techniques are tailored for preprocessing, segmentation techniques. Our work 

combines the algorithm of  marker-based watershed method along with the combination of  

normalization of  the input image, gamma correction and k-means clustering. This enhances 

the ROI of  the segmented portion. Here a comparison between various segmentation 

methods is performed depending on the precision and recall concepts.

2. MATERIALS AND METHODS
Screening is widely used for detection of  tuberculosis. It’s hard for a radiologist to interpret 

the disease. It’s viable to improve this task through the use of  CAD system (Raviglione & 

Sulis, 2016). The first paper mainly deals with the necessity of  the computerized method 

for the tuberculosis detection along with the various segmentations used. The pros and cons 

for each segmentation method is described here. The need for segmentation and how is it 

useful for x-ray chest image is referred here. 

This paper depicts a voyage of  the segmentation methods (Kumar et al., 2018; Karargyris, 

Antani, & Thoma, 2011; Guendel et al., 2019). In TB screening, the segmentation part 

paves an important role. This paper deals with the involvement of  marker-based watershed 

segmentation, which fairly well works than distance transform watershed transforms. Due to 

the few disadvantages in watershed segmentation, the chest radiographs are well segmented 

using marker-based watershed segmentation (Lu, Wang, & Zhang, 2017; Zhang et al., 2013; 

Guendel et al., 2019).

The image segmentation using Otsu and K means is well explained in the paper. Depending 

upon the threshold value the classification for foreground and background is being done. 
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K means clustering method goes in the circle of  vector quantization, forms cluster of  

k in n mining region (Kasu & Saravanan, 2019). The region growing method of  chest 

segmentation is described in Kiran et al. (2019). The normalization of  the x-ray input chest 

image is made due to the poor contrast or due to glare (Guendel et al., 2019; Vidya et al., 
2019; Hoffman, Kothari, & Wang, 2014). Then gamma correction is done as a luminance 

correction (Chen & Ramli, 2003; Deivalakshmi, Saha, & Pandeeswari, 2017).

The ROI is determined by merging the result of  K means and watershed segmentation 

(Kasu & Saravanan, 2019; Jeyavathana, Balasubramanian, & Pandian, 2017; Betsy & Nizar, 

2017). Thus, by calculating the precision and recall of  every segmentation mentioned in 

this paper and a total analysis of  segmentation of  all about 80 images are made. 

2.1. WATERSHED SEGMENTATION

Automatic investigation of  TB microorganism algorithms has conjointly been tested to 

be less time, less human error and less man-power. The Watershed transformation is a 

powerful tool for image segmentation, it uses the region-based approach. Here the concept 

of  an image gradient came. It is a directional change in the intensity or color in of  an X-ray 

chest image. It is been used to extract information from images. The approach consists 

of  analyzing a picture, with the color thresholding segmentation before greyscale color. 

The excellence of  the grayscale image has been increased, and binarization is performed. 

Here, we perform an experiment for calculating the precision and recall of  around 80 chest 

X-Ray images using watershed segmentation. The main disadvantage of  this method is 

over segmentation. However, this can be reduced using internal and external markers. The 

original input lung image and the watershed segmented image is shown.

Figure 1. a) Input original image, b) Watershed image. 
Source: own elaboration.
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2.2. MARKER-BASED WATERSHED SEGMENTATION

In Watershed Segmentation, two methods are involved. The first methodology quickly 

makes use of  Watershed Segmentation on the image, to boot known as Watershed Distance 

transform Segmentation methodology. The second methodology, Marker-based Watershed 

Segmentation, which overcomes the over segmentation problem of  the first method, limits 

the variability of  regions through exploitation the inside markers to specify the ROI (Kasu 

& Saravanan, 2019). 

Unfortunately, the real watershed transform corresponds to a minimum of  the gradient 

that is produced by small variations, due to noise. This leads to the over segmentation 

problem, which yields inaccurate results. The disadvantage of  this over segmentation can be 

overcome by marking the patterns on the lung region of  the x-ray image to be segmented. 

It should be performed before the watershed transformation of  the gradient, which is been 

effectively reduced by using marker-based watershed segmentation.

Figure 2. Marker-Based Segmentation.
Source: own elaboration.

2.3. OTSU SEGMENTATION

This Otsu segmentation automatically performs clustering-based segmentation. It converts 

gray level image into binary image. It accounts for foreground and background pixels. The 

main drawback of  this segmentation is that if  the variance of  both the background and image 
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remains high, the additive noises may disrupt the image clarity. The Otsu Segmentation is 

very much limited to low size object, with small mean difference and variance.

Figure 3. a) Input original image, b) Otsu Segmented Image.
Source: own elaboration.

2.4. REGION GROWING SEGMENTATION

The main goal of  segmentation is to partition the X-ray chest images into suitable regions. 

It firstly, goes through the neighboring pixels of  initial seed points, then determines whether 

the neighboring X-ray pixels should be added to the region. The iteration process proceeds 

next. The main disadvantages of  this region growing includes:

1)	 Proper identification of  the seed points.

2)	 Needs more information of  the image.

3)	 The pixels with similar threshold value regions will be considered as same regions.

4)	 It is computationally expensive and more sensitive to noise.

Figure 4. a) Input original image, b) Segmented Image.
Source: own elaboration.
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2.4. K MEANS CLUSTERING

It is a vector quantization method. It divides the n observations or pixel elements into k 

clusters. Here, the observation belongs to the cluster with meaningful value of  mean. An 

observation for the pixel values of  the input image and the K means clustering is depicted 

as graph shown below.

Figure 5. a) Input original image, b) Segmented Image.
Source: own elaboration.

Green colour for cluster 1, rose colour for cluster 2, and yellow colour for cluster 3.

Here value of  K=3 is made. The first 2 values for k are for the left and right lungs and third 

value is for the background. It can be applied to larger data sets too. It uses an iterative 

technique. 

Figure 6. a) Input original image, b) K Means Image.
Source: own elaboration.
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3. PROPOSED METHOD
Our planned system contains the preprocessing followed by segmentation, feature extraction 

strategies, trained information sets and also the classifier. The preprocessing technique 

includes median, wiener and morphological filters (Top hat and bot hat filters). The median 

filters out the salt and pepper noises, but once the impulse noise is larger than 4%, it filters 

out the helpful data within the chest pictures. It will bring an improbable loss in sleuthing 

the TB. Therefore, the filtered output from the median filter is then fed to the Weiner 

filter. This filter, in turn, smoothens and restores the required data of  the chest pictures. 

This output is then fed to the image improvement filters say top hat and bot hat filters. 

Even once the background of  the image and also the target color remains identical, the 

morphological filter analyses the same and identifies them as separate values even our eyes 

cannot determine. The output is then fed for segmentation. Here, marker-based watershed 

segmentation is used to avoid the over segmentation from distance transform watershed 

segmentation. The input image is then fed for image normalization, which reduces the 

after effect due to poor contrast or glare. Then the image is fed for gamma correction, 

which is mainly used for luminance correction. K means clustering is also employed. The 

combination of  water marked watershed algorithm and the outputs followed by the k means 

yields an image segmentation method which got finest recall and precision value. The Flow 

chart illustration depicted below give the details of  the segmentation.
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Graphic 1. Flow Chart.
Source: own elaboration.

4. RESULTS

4.1. PERFORMANCE PARAMETERS FOR SEGMENTATION ANALYSIS

4.1.1. PRECISION

In the chest x-ray images, precision is determined by the fraction of  relevant elements 

(pixels) from the retrieved elements of  the lung image. It is defined as:

PR= TPO÷ (TPO+FPO)

PR-Precision

TPO-True Positive

FPO-False Positive
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4.1.2. RECALL

In the X-ray chest image, the recall is the fraction of  relevant X-ray pixel elements of  the 

chest image that is been retrieved from the over the total amount of  relevant pixel elements 

in the X-ray chest images. It is defined as:

Re=-TPO÷ (TPO+FNE)

Re-Recall

TPO-True Positive

FNE-False Negative

Figure 7. Details about precision and recall.
Source: own elaboration.

The graphical representation of  both precision and recall values of  various segmentation 

methods are discussed below.
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4.1.3. FOR OTSU
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Figure 8. a) Recall values for Otsu segmentation for 80 chest images.
Source: own elaboration.
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Figure 8. b) Precision for Otsu Segmentation for 80 chest images.
Source: own elaboration.
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4.1.4. FOR WATERSHED SEGMENTATION
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Figure 9. a) Recall for Watershed Segmentation for 80 chest images.
Source: own elaboration.
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Figure 9. b) Precision for Watershed Segmentation for 80 chest images.
Source: own elaboration.
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4.1.5. FOR MARKER-BASED WATERSHED SEGMENTATION
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Figure 10. a) Recall for Marker-based Watershed Segmentation for 80 chest images.     
Source: own elaboration.
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Figure 10. b) Precision for Marker-based Watershed Segmentation for 80 chest images.
Source: own elaboration.
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4.1.6. COMPARISON BETWEEN VARIOUS SEGMENTATION METHODS
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Figure 11. a) Precision Value comparison for watershed segmentation, Otsu, region growing, k means merged 
marker-based watershed segmentation for 80 chest X-ray images.
Source: own elaboration.
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Figure 11. b) Recall Value comparison for watershed segmentation, Otsu, region growing, k means merged 
marker-based watershed segmentation for 80 chest X-ray images.
Source: own elaboration.
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5. CONCLUSIONS
Our paper gives a novelty approach of  merging the segmentation methods for achieving a 

perfect ROI for getting better results for the precision and recall factors. Our approach is 

a new technique which merges two outputs of  segmentation parts and accurately fixes the 

ROI. The input image is preprocessed, then fed for marker-based watershed segmentation. 

Meanwhile, the same input X-ray image is normalized in the other section, due to poor 

contrast or glare, then gamma correction is performed for the luminance part why because 

depending on the value of  the gamma factor, the foreground and background visibility is 

made clearer. By increasing the value of  gamma clear contrast between the backgrounds 

are behold in the x-ray image with mote clarity. Then k clusters are formed from the n 

neighboring elements. The output from this section is merged with the marker-based 

watershed segmentation and gets the correct ROI. Thus, new merged method is adapted 

for segmentation whose value is found to be great for the precision and recall value for 

around 80 images which is been shown in the graphs. This combination knocks out all the 

other segmentation methods so far discussed.
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