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Abstract— Lung cancer represents one of the main causes of
death among all the possible diseases, being the leading cause of
death among all the different cancers. From all the imaging
modality, computed tomography is one of the most sensitive and
adequate imaging technique to identify malignant nodules due to
its image quality, resolution and level of detail. Accurate lung
nodule segmentation from computed tomography (CT) images is
of great importance for image-driven lung cancer analysis.
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I. INTRODUCTION

The accurate investigation and diagnosis is a challenging
task in medical field in managing various diseases. Over the
years, Computer-Aided Diagnosis (CAD) systems have
emerged in order to help the specialists in the lung cancer
detection and diagnosis, facilitating their work. In general, the
CAD systems try to identify malignant nodules inside the lung
parenchyma using either chest radiography (Chen & Suzuki,
2013; Lee, Goo, Park, Lee, & Jin, 2012; Pereira, Fernandes,
Mendonca, & Campilho, 2007) or CT imaging (Van Ginneken,
2008). There is a large variability in CAD systems for lung
cancer diagnosis that adopt different strategies, that can be
organized in five consecutive main tasks: the lung
parenchyma extraction, for segmenting the lung region; the
lung nodule candidates detection, obtaining a group of
structures that are suspicious of being a nodule; the refinement
and final lung nodule detection, for reducing the number of
false positives from the suspicious nodule candidates set; the
segmentation of the nodule region, facilitating further local
analysis; and the final benign/malignant differentiation.

Il. RELATED WORKS

Accurate segmentation of lung region is important since,
the nodules present on it may be on the boundary of the lung
parenchyma. So such lung nodules may lost and this reduces
the detection accuracy, if the entire lung is not segmented
accurately.
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Lin DT et al proposed a novel threshold based
segmentation approach for segmenting lung region present in
the CT lung images. In their work, during preprocessing they
have used a 5x5 median filter for removing the noise present
in it. The Foreground region is then separated by omitting the
rim of the image along with the background regions. In [11]
segmentation is done by thresholding each image by an
optimal threshold derived by comparing the curvature of the
lung boundary along with the ribs. A combination of
background removal operator together with iterative gray
level thresholding is used by Atonally et al. for segmenting
the lung region. In their work, due to the presence of noise the
background was not well eliminated well. Pu et al. proposes
an adaptive border marching algorithm to segment the lung
region and reduces the under segmentation ratio. They used
the gray-level thresholding to obtain the lung regions and then
follow flood-filling methodology to remove any non-lung
regions present after the thresholding. Ozekes et al segmented
the lungs of the CT images using Cellular Neural Networks
trained by genetic algorithm. In their work, the lung regions
were specified using the 8 directional searches and +1 or -1
value were assigned to each vowel. In the work proposed by
Cao Lei et al, a rough image of lung was acquired by
combining optimal thresholding together with mathematical
morphology. A self fit segmentation algorithm was then
applied on the segmented result to obtain a final refined
output.

I11. PROPOSED METHOD

A. Image acquisition

The lung images used in this work are available in
the public database LIDC-IRDI. Some principles, such as
identity protection, patient consent and lung cancer diagnosis,
are defined by the publisher. The database contains 1012 CT
scan series and 290 radiography scan series. Each image
contains information regarding the nodules, such as location,

size, quantity and malignancy. The scans are diagnosed by
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four specialists and all diagnostics are indicated in the
auxiliary files. Some scans contain conflicting information
between the image header and the auxiliary files. Therefore,
only 833 CT scans were chosen to be part of the candidate
database. The images are divided into two databases: nodule
and non-nodule candidates. Fig.1 depicts some examples of
nodule candidates used in the proposed methodology. Fig. 2
demonstrates examples of non-nodule candidates.
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Fig. 1. 2D view of nodule candidates.

Fig. 2. 2D view of non-nodule candidates.

B. Edge detection

The Ant colony optimization algorithm is used for edge
detection. The edge detected image is given as the input to
black circular neighbourhood algorithm. The assumption is
that all the edges are black pixels. Here the edges represent the
edges of the lungs along with the nodules edges. As the lung
edges are fine lines and nodules are identified in the form of
clustered black pixels, black circular neighbourhood algorithm
is applied.

C. Black circular neighbourhood algorithm

The black circular neighbourhood algorithm is used to
identify the lung nodule pixels. The nodules identified from
the CT image are clustered as benign and malignant based on
shape, size and intensity of the nodule. The black circular
neighbourhood algorithm is used to find the centre pixel of
clustered black pixels. Initially, clustered black pixels are
identified using the 4-connected and 8-connected properties of
the pixels.
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The proposed algorithm detects nodules whose diameter is
up to 5 units. It detects both spherical and elliptical nodules.
From the black pixel clusters, the centre pixel is identified to
be the centre of lung nodules. The block diagram of the
proposed work is given in Fig.3.
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Fig.3. Block diagram of proposed work

D. Feature extraction

The extraction of features occurs in this phase. This is a
necessary step for posterior classification. The proposed
methodology uses three techniques for feature extraction. The
first one is the ACs model, the second is the RD model, and
the third combines features from the ACs and the RD.
Directional texture (the rose diagram model) exploits the ad-
vantages of both the directional and the intensity information
in the images ( Rivera, Castillo, & Chae, 2015 ). Analysing
that information in a local neighbourhood diminishes the
influence of noise in the feature extraction because the
gradient works with the edges, regardless of single pixel
intensity variation. The use of artificial life concept in image
classification resulted in promising results by Zhang and Chen
(2004). The ACs method provided high level statistical
features that represent consistencies in the textures of the
images. Both techniques utilize different types of analyses
inside the texture. If used together, they may reduce
weaknesses and the classifier has the advantages of both
methods.

E. Genetic algorithm based Clustering

The genetic algorithm based clustering is used to cluster the
lung nodules. GA based clustering is chosen to reduce the
distances between the cluster center and other objects of the
cluster.
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The feature matrix with shape, size and intensity features is
used to cluster the lung nodules. Genetic algorithm based
clustering is used for this purpose. The feature matrix is
initially given to the k-means algorithm to cluster the nodules
and the cluster centres are identified. The cluster centres are
refined based on the genetic algorithm.

The searching capability of genetic algorithm is used in an
effective way to find the appropriate cluster centers such that a
similarity metric of the resulting clusters is optimized. The
selection, crossover, and mutation processes of the genetic
algorithm help to refine the cluster centers. It gives the lung
nodules as benign and malignant based on the lung’s size
(small or large), shape (spherical or elliptical) and intensity.
The selection of fitness function is very essential step in
genetic algorithm. It helps to accurately place the cluster
centers. Similarity calculated by cross-correlation coefficient
normalized covariance is used as the fitness function.
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Fig. 4. Accuracy for genetic algorithm based clustering

IV. CONCLUSION

In this work, a black circular neighborhood algorithm was
used to extract lung nodules from edge detected CT images.
The extracted nodules are clustered by using Genetic
algorithm (GA). GA based algorithm is proposed to reduce the
number of false positive (FPs) and give more accuracy. The
overall accuracy is improved. This result is higher than the
hierarchical based clustering algorithm.
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