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Abstract 

 

Screening is widely used for the detection of tuberculosis; it’s difficult for a 

radiologist to interpret correctly the disease. It’s possible to improve this 

task by using CAD system (Computer-Aided diagnosis) which highlights 

the areas most likely to contain bacterial cells. In this paper we compare 

three feature extraction methods: Local Binary Pattern (LBP), Histogram of 

Gradients (HOG) and Tamura (LHT) and proposed LHTGF feature 

extraction methods (LBP, HOG, Tamura and Gabour filter) for Tuberculosis 

detection using chest radiographs. When compared with existing methods, 

our proposed method LHTGF yields better performance in detecting 

tuberculosis. All methods are based on features extracted from a local 

window and on a multiclass SVM classifier with fast search. 
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1  INTRODUCTION 

Tuberculosis screening programs [1] are currently an effective method to detect 

tuberculosis at an early stage. Anyhow, it is very difficult for the radiologist to 

interpret correctly TB due to wide variation in the TB appearance of normal and 

abnormal lungs exposition studies have shown that, in tuberculosis screening between 
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15-25 infected areas are missed by radiologist, which else positive errors may result in 

an unnecessary diagnosis, [2] false negative errors result in delayed diagnosis of 

actual tuberculosis. 

There is a clear need for methods of automatic detection of suspicious tissue in lungs. 

Currently an automated analysis of tuberculosis is an active research field which aims 

to help radiologists to improve the diagnosis reducing both the number of infected 

cells that are missed (false –ve) and the number of unwanted diagnosis of healthy 

lungs (false positive). 

Following this idea, different schemes of feature  extraction and classification 

methods [3] have already been used to classify and detect Regions Of Interest (ROI) 

in medical images in general and (infected lungs) in digitized lungs in particular.[3] 

Among different feature extraction approaches, given in literature have been 

commonly used in lung segments. On the other hand, various classified methods have 

been tested, which are based on Support Vector Machine (SVM), [4] Neural networks 

and K-Nearest Neighbours (K-NN). 

In this paper, a comparison of different feature extraction methods for automatic 

detection infected lungs is presented. We have tested and compared three feature 

extraction approaches: LBP, HOG and Tamura and a new approach based on 

combined LBP, HOG and Tamura (C-LHT). In all of these approaches, multi-class 

SVM classifier has been used [5]. 

 

2.  APPROACH 

In a classical classifier [6], each object for testing and training is represented by a 

feature vector, and a rule is applied for classification of a test vector. In the problem 

of image classification, this feature vector is usually obtained using pixel-based 

method. 

In our work, a feature vector V1 is obtained by applying one of the approaches given 

above over the pixels in [7]. Then Principal Component Analysis (PCA) is applied to 

feature vector, forming a new vector V2 which has lower dimensionality. The vector 

V2 along with a label (infected TB / normal) is being stored into the model. 

 

3.  PROPOSED WORK 

Figure 3.1 shows the outline of the proposed method the features of LBP, HOG, 

Tamura and GF for detection of tuberculosis. The following steps describe the 

proposed method. 
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Fig 3.1 Proposed System 
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 Initially the input chest x-ray is pre-processed using Weiner filter [8] and it is 

a type of non-linear filter.  

 The local features are extracted using LBP and HOG in each block. 

 The Tamura features are also extracted with selected scales and orientations. 

The resultant Tamura featured images are converted into mean, standard 

deviation and skewness features then they are fused into a single enhanced 

feature. 

 The LBPHOG and Tamura features are normalized separately using Z-score 

normalized technique and then they are fused. 

 The fused features are passed to Multiclass SVM classifier for detecting the 

presence of tuberculosis. 

 

The performance of the proposed feature extraction method- Modified LHTGF is 

compared with the features extracted by conventional Local Binary pattern, HOG and 

Tamura features. The following sub-sections describe the procedure in detail. 

 

3.1  Pre-processing: 

The input chest x-ray is pre-processed using weiner filter and it is a type of non-linear 

filter. For restoring blurred and noise image and for filtering a grey scale image it is 

being used. It is widely used in many applications and it is a class of optimum 

linearistic applications. It captures texture information. The 2D weiner filter can be 

mathematically expressed as: 

 A(u,v) =       B*(u,v) Pc(u,v)  (1) 

ǀB(u,v)ǀ2 Pc (u,v)+Pn(u,v) 

 Here, B*(u,v) - fourier transform of point   spread function 

          Pc(u,v)-Power Spectrum of signal process 

          Pn(u, v) – Power spectrum of noise process 

 

 Dividing through by Pc, 

A(u,v) =  B*(u,v) 

      ǀB(u,v)ǀ2  + Pn(u,v)  (2) 

           P c (u,v) 

If signal is very strong relative to noise Pn/Pc ~ = and the weiner filter becomes H-

1(u,v) – the inverse filter for PSF, if the signal is very weak, Pn/Pc -> infinity and 

A(u,v)->0 

Preprocessing operation has been done where noise is removed from input image. 
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3.2  Segmentation 

Graph cut segmentation method [8] is used for segmenting the images. Segmentation 

is partitioning the image into regions corresponding to particular, observable objects 

on the image. 

Segmentation Algorithms: 

 Segmentation based on points, lines, edges and contours of objects and it is 

described to be the dissimilarity in an image. 

 Segmentation based on partition the image into regions and it is described to 

be the similarity in an image. 

Max-Flow/Min-cut Algorithms: 

 A flow network is a directed graph where a nonnegative capacity is possessed 

by an edge. 

 A flow in G is an integer function that satisfies the following three properties: 

1. Skew Symmetry 

For all u, w∈W, f (u,w) = f (w,u) 

2. Flow Conservation      

For all u∈  (W \{s,t}), Σ f (u,w) = 0 

3. Capacity Constraint: 

For all u, w∈W, f (u,w) ≤ c(u,w) 

Theorem: 

In graph G, the maximum source-to-sink flow possible is equal to the power of 

the minimum cut in G. 

Min-Cut/Max-Flow: 

 If z is a flow, then the net flow across the cut (S,X) is defined to be f (S, 

X), which is the sum of all edge capacities from S to X subtracted by the 

sum of all edge capacities from X to S. 

 The capacity of the cut (S, X) is c (S, X), which is the sum of the 

capacities of all edge from S to X. 

A minimum cut is defined as a minimum over all cuts of G. 

 

3.3  Modified LHTGF Based Feature Extraction: 

The input x-ray image is extracted it’s being pre-processed using weiner filter; that 

it’s converting an input x-ray image from RGB to Grey. In the next step, Texture and 

Shape features are extracted thus form the feature vector. The LHT and GF features 

are extracted separately and fused together which is explained in the next section 
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3.3.1  LBP  

Local Binary Patterns (LBP) [9] are a type of feature descriptor used for classification 

in image processing. It is an efficient texture operator used in labeling the pixels of an 

image by thresholding the neighborhood of each pixel and considers the result as 

binary number. LBP is used to analyze images in challenging real time applications. 

The LBP feature vector is created in the following manner: 

 The examined window is divided into cells (e.g. 16x16 pixels for each cell). 

 Below equation shows the pixel calculation. For each pixel in a cell, compare 

the pixel to each of its 8 neighbors that can be calculated using the sines and 

cosines:   

yp = yc + Rcos (2𝜋𝜋p/P )   

   zp = zc + Rsin (2𝜋𝜋p/P )  

where yp and zp are co-ordinates of neighborhood pixels. 

 If the neighbor’s value is lesser than center pixel's value, the value will be 

“one” otherwise the value will be “zero”. 

 The histogram is being computed and it is normalized. 

 Histograms of all cells  is being concatenated and this gives the feature vector 

for the window 

Initially we separate the image as patches. For each patch of image we apply 

the LBP (Local Binary Pattern). 

 

3.3.2  HOG Based Feature Extraction 

It is a feature descriptor [10] used in image processing for the purpose of TB and 

Object detection. 

 Computation of the gradient values is calculated first. 

 Creation of cell histograms is the second step of calculation. 

 Each pixel within the cell casts a weighted vote for an orientation-based 

histogram channel based on the values found in the gradient computation. 

 

3.3.3  TAMURA FEATURE EXTRACTION 

Texture [11], makes an important component in image processing. Tamura it uses 

statistical measure in calculating statistical feature. Therefore we have extracted 

texture features and shape features and then we have fused these feature vectors of 

tamura and HOG (Shape) for better result. 
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Tamura texture descriptor 

Human visual perception is being motivated by tamura descriptor. Tamura feature 

descriptor has six set of features. They are: coarseness, contrast, directionality, line-

likeness, regularity and roughness. Out of these six features, we have used first three 

features for feature extraction 

 

3.3.3.1   Coarseness 

Coarseness is the basic feature [12] of the tamura texture; it’s the largest size of the 

texture elements. The rougher the texture is, the larger is the coarseness value. The 

sliding value of the pixels with different size windows is being used to calculate the 

value of coarseness. It is given as follows: 

 

Step 1: Taking average at every pixel over neighbourhoods is given by 
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Where f (i, j) is the grey level at (i, j) 

 

Step 2: For each pixel, calculating differences between neighbourhoods on horizontal 

and vertical directions. 
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Step 3: Selecting the best size of each pixel, which gives the highest ouput value. 

Z bestsize(x, y) = 2m+1    

(5) 

Where “m” maximises E in either direction 

Em(x, y) = max (Em, ho (x, y),Em, ve (x, y)) (6) 

 

3.3.3.2   Contrast 

It measures the way in which gray levels ‘g’ vary in the image Im and to what extent 

their distribution is being biased to black or white [13]. 

n
contrast

)( 4




   (7)

 

Where n = 0.25 
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3.3.3.3   Gabor Filter 

It is a band pass filter and it has been widely used in many applications [15].Texture 

information is being captured by GF, which when combined with other feature 

extraction techniques it has very good classification rate. 

Eight scales and four orientations are used in the design of Gabor filters. Each Gabor 

filtered image is converted into statistical Mean (M), Standard Deviation (SD), and 

Skewness (S)  

 

3.3.3.4   Z-Score Normalization 

Before fusing LHT and GF features both features are normalized separately for the 

purpose of enhancing the execution [16]. Let LHTa and Weiner b be the LHT and 

Weiner features respectively, where a is the 256 LHT bin histograms and b is the 

number of weiner features.  

 

3.3.3.5   Fusing LHT and GF Features 

Feature Level methods [17] combine several incoming features into a single fused one 

that is then used in a conventional classifier. Similar to the proposal by [18] fusing 

LHT and weiner features together, we have got the local features of LBP, tamura with 

HOG features as a combination of feature vector. As a result 192 features are 

obtained. 

FLHT=f (LBPz U HOG U TAMz) 

 

3.3.4 Classification 

Support Vector Machine (SVM): 

• Input vectors are mapped to a higher dimensional vector space where an 

optimal hyper plane is constructed using SVM, a binary classifier [18]. 

• Maximization of margin by the hyper plane is called the optimal separating 

hyper plane. 

 

Sum of distances of the hyper plane to the closest training vectors of each 

category is called the MARGIN. 

 

Classification by Multi-class SVM: 

• Grouping of all the classes in two disjoint groups of classes is called 

Multiclass SVM.  
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• For training a SVM classifier in the root node of the decision tree grouping is 

being used, using the samples of the first group as positive examples and the 

samples of the second group as negative examples. 

• To the first (left) sub tree and to the second sub tree, the classes from the first 

clustering group and the classes of the second clustering group are being 

assigned respectively. 

 

4 RESULTS AND DISCUSSION 

To evaluate the performance of the proposed method, publicly available database such 

as Montgomery DB and china DB are used for the experiment. The Montgomery lung 

dataset contains 490 images pertaining to both TB infected and unaffected lungs. The 

data has been subdivided in two folds. Fold 1 consists of all odd numbered images in 

the database. Fold 2 consists of all even numbered images. To ensure the integrity of 

results, we have been used the images and reference standard in one fold to train 

algorithms, and we have applied the algorithm to segment the images in the other 

fold. 

The another dataset which we have taken for implementing our research work is 

China Set - The Shenzhen set - Chest X-ray Database. It contains 336 cases with 

manifestation of tuberculosis, and 326 normal cases. 

 

    

Figure 1. Sample images in Montgomery Db 

 

   

Figure 2. Sample images in China DB 
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4.1 Performance of Classifier 

The LHTGF features are trained through variant of the SVM classifiers such as 

Binary and Multiclass SVM in 30*30 resolutions training images. They are compared 

for accuracy. The analysis of the Binary SVM returns accuracy of 80% whereas 

analysis of the Multiclass SVM returns accuracy of 90% in Montgomery DB and in 

China DB the analysis of the Binary SVM returns accuracy of 81% whereas analysis 

of the Multiclass SVM returns accuracy of 95%. Hence Multiclass SVM is selected as 

the detection algorithm for our system. 

 

4.2 Performances of LHTGF Features 

The performance indicates in the detection of tuberculosis include calculating the 

recall, precision and F measure. From Table 1, it is observed that the detection of 

tuberculosis is improved using the combined features as input. The average 

tuberculosis detection rate has considerably improved to about 3.9% in GF and 2.5% 

in LHT by combining LHT and GF features in DB. Figure 3.5 shows the Montgomery 

DB sample result. It can be observed that the GF features fail to detect the TB in the 

Montgomery DB. The LHT features fail to detect the TB in China DB. The combined 

LHTGF features detect the TB better than individual feature in different types of 

images. 

The detection rate of the china DB is lower than the Montgomery DB detection rate 

since the china DB has a wide range of difficulties. As a result, it is concluded that the 

LHTGF features result in better detection of TB in Montgomery DB. The work is 

carried out in a PC with Intel Core i5 @ 3.20 GHz, 8 GB RAM configuration with 

Matlab 2013a for all the test cases. Table 2 shows the experiential time for detecting 

the TB. Figure 3 to figure 6 shows the output of TB Detection. 

 

Table 1. Results of Detection of TB in China DB 

Feature Extraction Recall in (%) Precision in (%) F measure in (%) 

LHT 75 70 73 

GF 83 79 81 

LHTGF (proposed) 87 85 86 
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Table 2. Comparison of Execution Time of Proposed with Existing Methods 

Feature Extraction Time taken to extract 

feature(training images) in 

sec (s) 

Execution time for detection of TB 

Montgomery DB (in sec 

(s) 

China DB 

in sec (s) 

 

 

 

3.34 

 

 

3.52 LHT 0.0034 

GF 0.0036 3.4 3.6 

LHTGF 

(Proposed) 

0.0051 2.3 3.23 

 

 

Sample Results: 

 

 
 

Figure 3. Normal Lung 

 

 

 
 

Figure 4. Beginning stage of TB 
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Figure 5. Moderate stage of TB 

 

 
 

Figure 6. Severe stage of TB 

 

4.3  Performance Analysis 

For comparison purpose, the proposed work based on LHTGF is compared with the 

existing methods such as LBP, HOG, Tamura features and the results are tabulated in 

Table 3.5. From that result, the LHTGF features provide better performance. The 

result is enhanced due to combination of selecting the relevant LHT and GF features. 

Table 3. Comparisons of Accuracy between Existing and Proposed LHTGF 

Feature Extraction Detection  of  Tuberculosis 

(Montgomery DB) 

Detection  of Tuberculosis 

(china DB) 

LBP 80 72 

HOG 82.2 80.5 

Tamura 85.4 80.6 

GF 87.3 84.6 

LHTGF (Proposed) 93.4 89 
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CONCLUSION 

In this work, the advantage of LHTGF features for detecting tuberculosis is examined. 

The proposed methodologies LBP, HOG and Tamura which when combined with 

Gabor features (LHTGF) gives confidential results when compared with the existing 

ones. The test results show that LHTGF features find their main role in tuberculosis 

detection applications carried out on the Montgomery and china databases. LHTGF 

features shows an accuracy of 93.4% in detection of tuberculosis in Montgomery 

dataset and 89% accuracy in detecting tuberculosis in china dataset. The extension of 

the work is towards the detection of tuberculosis using neuro fuzzy genetic algorithm. 
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