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Abstract
This paper presents a new approach to the automated detection of
pathologies using chest X-ray imaging. The approach is based on the use of the
spot feature. Various methods of interest zones selection and segmentation are
explored in the paper, the algorithms of their implementation are proposed.
Experimental observations have suggested that preliminary image processing is
necessary to enhance the method application effectiveness.
Keywords: automated diagnostics, pulmonary tuberculosis, spot feature, zones of
interest selection, segmentation

1. Introduction
Medical diagnostics is the field that relies heavily on information provided by the
medical imaging. The most common imaging techniques are X-ray, CT, MRI, and
ultrasound. Diagnostic accuracy is an important component of medical science. It
is essential to ensuring the most effective and timely treatment, and often plays an
important part in determining patient’s fate. However, since visual analysis of
medical images is hugely affected by the “human factor”, an automated diagnostics
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is necessary. This requires the development of models, methods, algorithms and
relevant software. Pulmonary tuberculosis still remains a major global public
health hazard. According to the WHO's (World Health Organization) estimates,
there were 8.9 million incident cases of tuberculosis, 1.4 million deaths from
tuberculosis in 2013. One of the basic diagnostic techniques for pulmonary
tuberculosis is radiography. Diagnostic effectiveness can be substantially
increased by the medical evaluation automation to diagnose tuberculosis. This
paper presents a new approach to the development of methods of automated
pathology detection in medical images. The proposed approach can be used to
detect pulmonary lesions of tuberculosis.
In accordance with computer vision terminology, the pathology images are
referred to as 'objects' in this paper. The proposed method is based on the
selection of objects with the spot feature (fig.1) [1]. The algorithms are based on
the assumption that an average brightness of an object and its background are
different. The segmentation procedure is used to determine the projection of
objects. It is proposed that segmentation is applied only on separate regions,
which can contain only one object and its surrounding (background). These
regions are often called the zones of interest (candidate regions). Thus, the
segmentation stage is preceded by the interest zone selection in the proposed
method.
Based on the objects projections identified by segmentation of the zones of
interest, it is necessary to recognize and classify the descriptors to detect pathology.

Fig.1. X-ray image spot method segmentation result

2. Mathematical Model
Locally homogenous random fields, in which each object 𝜉𝐴 is a fragment of a
locally homogenous random field with an average value 𝑚𝐴 and covariance
function 𝐾𝐴 , serve as a mathematical model. The application of locally homogenous
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random fields in imaging simulation as well as the objects recognition methods
using this model are analyzed in works [2] - [ 7]. It is assumed that for these fields
the conditions of Slutsky's ergodic theorem are satisfied. According to the
theorem, the arithmetical mean value calculated based on the object's image 𝜉𝐴 , is
an estimate of its average value 𝑚𝐴 .
Random variable 𝜉𝒛 , defined on (Ω, 𝐴, 𝑃), that possesses the value from 𝑌, is
called pixel and described by coordinates 𝒛 ∈ 𝑍 2 . A family (𝜉𝒛 )𝒛∈𝑍 2 is called a
scene. Let us assume that 𝜔 ∈ Ω, then the implementation 𝑥𝒛 = 𝜉𝒛 (𝜔), 𝒛 ∈ 𝑍 2 of
the random variable 𝜉𝒛 is called an image of the pixel 𝜉𝒛 , subsequently, the family
𝒙 = (𝑥𝒛 ), 𝒛 ∈ 𝑍 2 is called an image of the scene .
A set of random variables 𝜉𝐴 = (𝜉𝒂 )𝒂∈𝐴 is called the projection of an object, a
family 𝑥𝐴 = (𝑥𝒂 )𝒂∈𝐴 is the image of the object. The square 𝑄 on 𝑍 2 the subset
of 𝐹𝑟(𝑄) of points from 𝑄 is called the boundary of the square, if each point of
𝒛 ∈ 𝐹𝑟(𝑄) has at least one neighbor of 𝑍 2 \𝑄. The object 𝜉𝐴 is considered a bright
(or a dark, respectively) spot, if three conditions are met: 1) ∃ 𝑄 ∶ 𝐴 ⊂ 𝑄\𝐹𝑟(𝑄),
2) 𝐸𝜉𝒛 = 𝑚𝑄\𝐴 , 𝒛 ∈ 𝑄\𝐴, and 3) 𝑚𝐴 > 𝑚𝑄\𝐴 (𝑚𝐴 < 𝑚𝑄\𝐴 , respectively). The
pixels 𝜉𝑄\𝐴 = (𝜉𝒛 ), 𝒛 ∈ 𝑄\𝐴 are called the neighborhood of the object or the
background, and the family 𝜉𝑄 = (𝜉𝒛 ), 𝒛 ∈ 𝑄 of random variables is called a zone
of interest of the object.

3. Searching for the Zones of Interest
Assume that we know the diameter 𝑑(𝐴) of the object 𝜉𝐴 , the side of the zone of
interest 𝑙. Let us construct the family of squares 𝑄(𝑙, ∆) with vertices determined
by the coordinates 𝑧 = 𝑧0 + 𝑖∆𝑒1 + 𝑗∆𝑒2 , 𝑖 ∈ 𝑍, 𝑗 ∈ 𝑍, 𝑒1 = (1,0), 𝑒2 = (0,1), 1 ≤
𝑙 ≤ 𝑙 − 𝑑(𝐴) − 1. It is proven [5] that there is 𝑄(𝑙, ∆) that contains the zone of
interest for the object 𝜉𝐴 .
For the purposes of classification of the set of squares 𝑄(𝑙, ∆) into the zones of
interest and the empty squares it is proposed to use the following algorithm.
Initial data for the algorithm are a rectangular fragment of an image 𝑥, an image
correlation radius 𝑟′ , a side of the zone of interest 𝑙, a shift ∆, a smoothing radius
𝑟 , the number 𝑠 of the fragments of an image, and the sign of the contrast of an
object. The center of the square 𝑄 with the vertice 𝑧 = (𝑧1 , 𝑧2 ) and the side 𝑙 is at
the point determined by the coordinates (⌊𝑧1 + 𝑙/2⌋, ⌊𝑧2 + 𝑙/2⌋). The algorithm
sorts through squares 𝑄 from 𝑄(𝑙, ∆). For the classification of a square 𝑄 with the
center at 𝒂, the following operations are performed:
1) calculating, for the square 𝐵(𝒂, 𝑟) with the side 2𝑟 + 1 and the center in 𝒂
1
𝑥̅𝒂 =
∑ 𝑥𝒛 ;
|𝐵(𝒂, 𝑟)|
𝒛∈𝐵(𝒂,𝑟)
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2) selecting fragments 𝐹𝑟𝑗 , 1 ≤ 𝑗 ≤ 𝑠 , square images with the side 2𝑟 + 1, that
adjoins the zone of interest 𝑄 from the outer side, and is located not closer than
2𝑟′ + 1 from each other;
3) calculating
𝑥̅𝐹𝑟𝑗 =

1
∑ 𝑥𝒛 , 1 ≤ 𝑗 ≤ 𝑠;
|𝐹𝑟𝑗 |
𝒛∈𝐹𝑟𝑗

4) if 𝑥̅𝒂 > 𝑥̅𝐹𝑟𝑗 for the bright object (𝑥̅𝒂 < 𝑥̅𝐹𝑟𝑗 for the dark object), 1 ≤ 𝑗 ≤ 𝑠,
then square 𝑄 is considered the zone of interest, otherwise it is a square without
an object.
It is proven [5] that the decision rule in p.4 tends if 𝑛 → ∞ and 𝑠 → ∞ to the
Bayes decision rule.
To estimate the effectiveness of the proposed algorithm of searching for the zones
of interest, a series of experiments was carried out based on the posterior-anterior
chest X-ray images. The results have shown that the zones of interest were
indicated for all the pathologies seen in the images. However, the majority of
selected squares does not contain objects (pathologies). To enhance the
effectiveness of the method of searching for the zones of interest preliminary
image processing is necessary. This includes automatic ribs and bones
suppression methods. In addition, it is necessary to automate the process of lungs
outline detection in order to search for the zones of interest based only on the
projection of lungs.

4. Segmentation
4. 1. Segmentation by the Spot Feature Method
Segmentation by the spot feature method is one of the segmentation methods of
the zones of interest. Let us examine the algorithm of implementation of the
method presented in work [1]. The input parameters are a smoothing radius, a
quantity 𝑠 of boundary fragments, and an image correlation radius 𝑟′.
1) similarly to p.2 of the square classification algorithm used in searching for the
zones of interest, the boundary fragments 𝐹𝑟𝑗 , 1 ≤ 𝑗 ≤ 𝑠 are selected ;
1
2) mean values 𝑥̅𝐹𝑟𝑗 = |𝐹𝑟 | ∑𝒛∈𝐹𝑟𝑗 𝑥𝒛 , 1 ≤ 𝑗 ≤ 𝑠 are calculated to evaluate mean
𝑗

value of the background 𝑚𝑄\𝐴 ;

1

3) for each pixel 𝑥𝒛 , 𝒛 ∈ 𝑄, a mean value 𝑥̅𝒛 = |𝐵(𝒛,𝑟)∩𝑄| ∑𝑡∈𝐵(𝒛,𝑟)∩𝑄 𝑥𝑡 is calculated
with the center at 𝒛 and a radius 𝑟;
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4) if 𝑥𝒛 > 𝑥̅𝐹𝑟𝑗 for a lighter object( 𝑥𝒛 < 𝑥̅ 𝐹𝑟𝑗 for the dark object, respectively), 1 ≤
𝑗 ≤ 𝑠, then the 𝑥𝒛 pixel is part of the object, otherwise, it is part of the
background;
5) all pixels of indicated objects, located at a distance not exceeding 𝑟 of scale units
from the background, are part of the background.
4. 2. Segmentation by the Mode Method
Initial parameters of the algorithm used for the mode method segmentation [8]
are a smoothing radius 𝑟 , and a width ℎ of the interest zone outline. Algorithm
includes the following steps:
1) constructing a smoothed with radius 𝑟 image 𝑥̅𝑄 of the scene in the zone of
1
∑𝒕∈𝐵(𝒛,𝑟)∩𝑄 𝑥𝒕 , 𝒛 ∈ 𝑄;c
interest 𝑄 with pixel values in the form of 𝑥̅𝒛 =
|𝐵(𝒛,𝑟)∩𝑄|

2) constructing range expansion𝐹𝑟ℎ by including pixels that are not a part of the
interest zone, but are located at a distance not exceeding ℎ scale units from the
zone;
1
3) calculating arithmetic mean 𝑥̅𝐹𝑟 = |𝐹𝑟(𝑄)| ∑𝑡∈𝐹𝑟(𝑄) 𝑥𝑡 based on range expansion

𝐹𝑟ℎ with the width ℎ;
4) calculating for each pixel of an image 𝑥̅ 𝑄 the distance 𝜆𝑧 = |𝑥̅𝒛 − 𝑥̅𝐹𝑟 |, 𝒛 ∈ 𝑄
from the average 𝑥̅𝒛 based on the boundary of each pixel to the average 𝑥̅𝐹𝑟 based
on the boundary and their multiplicity 𝑘𝑖 , 0 ≤ 𝑖 ≤ |𝐼|, where |𝐼| + 1 is the
quantity of image brightness gradations ;
The distance multiplicity 𝑘𝑖 , 0 ≤ 𝑖 ≤ |𝐼| can be examined in the form of histogram
that reflects the dependence of distance multiplicity from its value.
5) establishing initial smoothing radius of the histogram 𝑝 = 1;
6) distance multiplicity histogram is smoothed with the radius 𝑝:
𝑘̅𝑖 =

1
|[0, |𝐼| − 1] ∩ [𝑖 − 𝑝, 𝑖 + 𝑝]|

∑

𝑘𝑗 ;

𝑗∈[0,|𝐼|−1]∩[𝑖−𝑝,𝑖+𝑝]

̅ , and maximums 𝑘̅𝑖
7) determining sets of the indices 𝑀
̅ = {𝑖 ∈ [1, |𝐼| − 1]: 𝑘̅𝑖−𝑞−1 < 𝑘̅𝑖−𝑞 = ⋯ = 𝑘̅𝑖 = ⋯ = 𝑘̅𝑖+𝑞 > 𝑘̅𝑖+𝑞+1 }
𝑀
∪ {0: 𝑘̅0 = 𝑘̅1 = ⋯ = 𝑘̅𝑖 > 𝑘̅𝑖+1 }
∪ {𝑖 ∈ [1, |𝐼|]: 𝑘̅𝑖−1 < 𝑘̅𝑖 = 𝑘̅𝑖+1 = ⋯ = 𝑘̅|𝐼|−1 }, 𝑞 ≥ 0, 𝑞 ∈ 𝑍;
̅ | > 2, then we increase a smoothing radius 𝑝: = 𝑝 + 1 and go back to step 4
8) if |𝑀
of the algorithm;
̅ | < 2, then segmentation threshold cannot be found, we complete the
9) if |𝑀
algorithm;
10) determining the set of indices 𝑀 minimums 𝑘̅𝑖
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𝑀 = {𝑖 ∈ [1, |𝐼| − 1]: 𝑘̅𝑖−𝑞−1 > 𝑘̅𝑖−𝑞 = ⋯ = 𝑘̅𝑖 = ⋯ = 𝑘̅𝑖+𝑞 < 𝑘̅𝑖+𝑞+1 }
∪ {0: 𝑘̅0 = 𝑘̅1 = ⋯ = 𝑘̅𝑖 < 𝑘̅𝑖+1 }
∪ {𝑖 ∈ [1, |𝐼|]: 𝑘̅𝑖−1 > 𝑘̅𝑖 = 𝑘̅𝑖+1 = ⋯ = 𝑘̅|𝐼|−1 }, 𝑞 ≥ 0, 𝑞 ∈ 𝑍;
11) calculating the segmentation threshold 𝜆0 : finding 𝜆0 ∈ 𝑀, that satisfies the
̅ } < 𝜆0 < max{𝑀
̅ };
inequation min{𝑀
12) pixels𝑥𝒛 , 𝒛 ∈ 𝑄, for which 𝜆𝑧 ≥ 𝜆0 , are part of the object, the rest are the
background.
The experiments on segmentation of the zones of interest were conducted on the
chest X-ray images using the proposed algorithms. The zones of interest that
contain pathology lesions were selected manually. The spot feature segmentation
produced lower classification error compared to the mod method.

5. Conclusion
This paper introduces the method of searching for objects using spot features
detected in the X-ray images of thoracic organs. The algorithms of the interest
zones search and segmentation are presented. Experimental observations have
proved the applicability of the proposed approach for the automated pathology
detection. However, preliminary image processing is necessary before subsequent
analysis of images of thoracic organs.
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