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Abstract: Lung Cancer is dangerous disease that cause most human to death at early age and it is an
uncontrolled cell growth in tissues on the lung. Many algorithms and technologies are introduced for identifying
the lung tumors and it does not provide efficient accuracy. Our proposed system introduces a new identification
process for Lung tumor. Here, we introduced a novel algorithm named FA-FCM which is a combination of
firefly algorithm and Fuzzy C-means clustering. The segmented output image is compared with expert
segmented image in terms of Jaccard and Dice similarity values. Our proposed method produced better result
on all the tested images compared with the gold/expert segmented images.
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I.  Introduction

Biomedical image processing is a very broad field; it covers biomedical signal gathering, image
forming, picture processing, and image display for medical diagnosis based on features extracted from images.
Recently, image processing techniques are widely used in medical areas for image improvement in order for
earlier detection and treatment of several pathologies. Lung cancer seems to be the common cause of death
among people throughout the world. Early detection of lung cancer can increase the chance of survival among
people. Lung cancer is a malignant lung tumor characterized by uncontrolled cell growth in tissues of the lung.
If it is left untreated, this growth can spread beyond the lung by the process of metastasis into nearby tissue or
other parts of the body. Most cancers that start in the lung, known as primary lung cancers, are carcinomas. The
two main types are small-cell lung carcinoma (SCLC) and non-small-cell lung carcinoma (NSCLC). The most
common symptoms are cough, weight loss, shortness of breath and chest pains.

The 85 percent of lung cancer arise are due to long-term tobacco smoking. About 10-15 percent of
cases occur due to genetic factors and exposure to radon gas, asbestos, second-hand smoke, or other forms of air
pollution. Lung cancer may be seen on chest radiographs and computed tomography (CT) scans. The diagnosis
is confirmed by biopsy which is usually performed by bronchoscopy or CT-guidance. Treatment and long-term
outcomes depend on the type of cancer, the degree of spread, and the person's overall health. Common
treatments include surgery, chemotherapy and radiotherapy. NSCLC is sometimes treated with surgery, whereas
SCLC usually responds better to chemotherapy and radiotherapy. CT scanned lung images of cancer patients are
acquired from various hospitals. Using image processing techniques like pre-processing and feature extraction
area of interest is separated.

Segmentation is an essential process for medical image processing and it is used to segment and
analyze the pathologies present in the medical images for accurate and fast diagnosis and better treatment. Many
segmentation methods have been developed for medical images especially for brain images [1]-[6].

Lung segmentation is mainly classified into five major methods such as Thresholding based methods,
Region based methods, Shape based methods, Neighboring anatomy-guided methods and Machined learning
based methods [7]. The thresholding based method fails to deal with the attenuation variations and then it fails
to categorize pathologic classifications. Whereas, the region based segmentation, will not able to segment the
regions with moderate to higher level of abnormalities. The neighboring anatomy-guided methods and machined
learning based methods are efficient but are computationally expensive.

Marker-controlled watershed segmentation method introduced in [10] involves with the computation of
segmentation function, foreground markers, background markers and finally compute watershed transform of
the modified segmentation function. This segmentation method is little complex and the accuracy is not upto the
expected level.

Lung tumor segmentation proposed in [11] uses level set model with modified morphological gradient.
According to the physiological characteristics of lung cancer, the tumor is generally located in the lung, and
some special adhering tumors can be connected to the lung area. In CT images, the texture, gray scales and
shape features of lung cancer are obviously different from those of other tissues, therefore their statistical
characteristics are used to distinguish the tumor and background of an image.
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In [12], the graph-cut based segmentation algorithm was used to segment the lung tumor. This method
takes up the weighted graph and computes the edges to cut and gives accurate results only for minimum number
of CT images. Respiratory system segmentation [13] was used for the process of removing the trachea and
primary bronchi present in the CT lung image. Itai et al [14] developed a method using snake segmentation
method. Snake is one of the most popular active contour models which defines an initial curve within the image
and then it grow up to reach the object boundary under the influences of the internal and external forces
computed based on image statistics information.

Bandyopadhyay et al [15] designed a method for lung boundary detection which deals with anatomical
segmentation, which segments the lung by using its region of interest. This anatomical segmentation fails to spot
some of the significant structures present in the CT image. Active contour based image segmentation was
devised in [16] uses Euclidean curve shortening flow to split the image into several regions. Then the gradient of
this segmentation map gives the region constraints in the vicinity of the region boundary map.

A method proposed in [17] uses discontinuity and similarity in the intensity of a lunch image as two
important properties to segment the lung cancer in the CT lung image. Thresholding method is a significant
method for the purpose of segmenting a medical mage for the purpose of identification of tumors [18], [19].
Thresholding is broadly classified into two categories, one is global thresholding and the other is local
thresholding. This thresholding method removes the background by using mean and the standard deviation. The
global thresholding method is further sub-classified into three such as Traditional (Otsu’s), Iterative (Triclass)
and Multistage (QIR) [20]. Thresholding by histogram approach takes less storage space compared to other
methods but it gives lesser accuracy when compared with watershed segmentation approach. Mesanovic et al
[21] proposed a segmentation technique which is based on histogram thresholding and region growing
algorithm. In this approach it is necessary to specify the seed points to get better result [22].

In this paper, an effective hybrid method for accurate segmentation of lung tumor in CT scan image is
presented. This method uses novel algorithms to detect the tumor more accurately and to reduce the detecting
time. The remaining part of the paper is organized as follows: In section 2, the methodological detail of the
proposed method is given, the results and discussion are given in section 3 and the conclusion is given in section
4,

1. Methodology

The overall block diagram of the proposed method is given in Fig 1.In this method, an effective hybrid
method for segmenting tumor in the lung CT scan image is proposed. This method uses fire-fly (FA), Fuzzy C-
means (FCM) and region growing algorithms to detect lung tumor. This method first read the input image of
Lung tumor which is in gray scale, and the noise is removed by median filter. Then we use the firefly algorithm
for getting optimized clusters (centroids) for getting alarm pixels from our preprocessed image. The identified
alarm pixels are forwarded to region growing and finally it is followed by fuzzy c-means for segmentation.
Segmentation is done based on fuzzy index, this displays the segmented results. Then the output of
segmentation is compared with the gold standard image for the performance analysis by computing Jaccard
similarity and Dice coefficient values.

CT Image Apply Fire fly
Input) ] Preprocessing |5 algorithm to select
alarm pixels

Segmentation using

| — Region growing and — Segmented image

Fuzzy C-means

Figure 1: Block diagram for the proposed method

2.1 Algorithm 1 (FA)

Firefly algorithm (FA) is employed for the purpose of improving the segmentation method, for the
purpose of effective prediction of the presence of lung tumors. This firefly algorithm is established with three
ideal rules as given below:

o All the fireflies are equal and hence they can attract all the other fireflies.
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e  Attractiveness is proportional to their brightness, thus for any two flashing fireflies, the less bright one will
move towards the brighter one. The attractiveness is proportional to the brightness and they both decrease
as their distance increases. If there is no brighter one than a particular firefly, it will move randomly.

e Brightness of a firefly is affected or determined by the landscape of the objective function.

The brightness of the fireflies decreases with the distance from the light source, therefore, the attractiveness
of a firefly function determined by the following monotonically decreasing function. The attractiveness of the
firefly is directly proportional to the value of light intensity by adjacent, hence the equation is given as,

B = Boe " oy
;= Ve —x)2 + 0 — )3 ()

Where, ‘r’ is the distance between each two fireflies and Bg is their attractiveness at r = 0, y is the
absorption coefficient. Then the distance between any two fireflies i and j at x; and xjcan be Cartesian distance,
which is given asr; ; .

The graphical representation of centroid calculation using the Firefly algorithm is shown in the Fig 2.

~Centroid

Figure 2: Centroid computation using Firefly algorithm

2.2 Algorithm 2 (FCM)

Fuzzy C-means algorithm is developed by modifying the objective function of the standard FCM
algorithm with a penalty term that takes into account the influence of the neighboring pixels on the center pixels.
Fuzzy segmentation has been favored over hard segmentation in some medical image applications. Since partial
volume effects and image noise reduces the accuracy of hard segmentation. To cope with the limits of hard
segmentation, a fuzzy c-means clustering method is employed to classify pixels into several tissue categories.
The algorithm is an iterative clustering method that produces an optimal ‘c’ partition by minimizing the
weighted within the group sum of squared error objective function Jgcp.

Jrem = Seca By oq i |1 — v |2 ()

where, v the centroid of class ‘c’ and ‘C’ is the total number of tissue classes u;., is the membership value of
pixel 5’ for class ‘c” and requires u;. € [0,1] subject to p— u,. =1, J’ is the total number pixels in the image
and 7;” is the image intensity at the position 5.

The objective function is minimized when a large membership is assigned to pixel close to the centroid
of a class and a small membership value is assigned to a pixel far away from the centroid. This is a nonlinear
problem and it can be solved iteratively. During each iteration, a new set of membership functions and class
centroids are computed based on the above Equation(3). The steps involved in FCM are given below:

Step 1 — The initial values for the class of centroids is represented as v,,c = 1, ... ... ....C

Step 2 — The membership values are calculated as per the following formula:
_ vl 2
Wie = S vl 2 “)
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Step 3 — Calculate the new centroid using the following equation.

Zj 1 ]CI] (5)

Ve =7 u?
Z1=1 jc

Step 4 —Repeat Step-2 and Step-3 until the algorithm reaches convergence. Convergence will be reached when
there is a maximum change in the computed centroids between the previous two iterations.

The process of lung tumor segmentation is given in Fig 3.

w

Figure 3: Process of lung tumor segmentation (a) original image (b) preprocessed image (c) output of firefly
segmentation (d) segmentation using region growing and FCM (e) segmented lung tumor

In Figure 3, the original input image is shown in Figure 3(a), the preprocessed image is shown in Figure 3(b),
the output for the firefly segmentation method is shown in Figure 3(c), the output is given to region growing
method and forwarded for the FCM method and the resultant image is shown in Figure 3(d) and the final
segmented image is shown in Figure 3(e).

The summary of the steps involved in the proposed method is given below:

Step 1: Read the original image.

Step 2: Remove the noise in the given input image by median filter(preprocessing).

Step 3: Define the centroid points.

Step 4: Obtain the segmented image by using the computed centroid at Step 3.

Step 5: Obtain the final segmented tumor image.

Step 6: Compute the similarity measure using the segmented image by the proposed and

Expert segmentation image.

2.3 Performance Evaluation
In our proposed method the performance is evaluated using the similarity measures Jaccard (J) and Dice (D)[6].

The Jaccard (J) value is calculated by:
|S1nS2|

J(51,52) = S10s2 (6)
The Dice (D) value is calculated by:
D(S51,52) = 2 51052 @)
[S1]+|52]

Where,S1 is the segmented image and S2 is the original image (ground truth image).

2.4 Datasets Used

To evaluate the performance of the proposed method, we use the lung CT images from the dataset [25].
The Vision and Image Analysis group/International Early Lung Cancer Action Program (VIA/I-ELCAP) is a
public access research database. The database consists of set of 50 whole-lungs CT images with tumor. It was
created to make available a common dataset that may be used for the performance evaluation of lung cancer
detection techniques.
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I11. Results and Discussion

In our proposed method, we have used sample CT images from the dataset [25] for evaluating the
performance of our proposed method. The quantitative evaluation is done by computing the values of Jaccard (J)
and Dice (D) similarity measures. In Figure 4, the sample CT lung images from the dataset are shown along
with their segmentation result by the proposed and expert method. It is evident from the Figure 4 and Table — 1
is that this proposed method is efficient and effective to segment the lung tumor. The original lung CT image is
given in column (a), the segmented tumor image by the proposed method is shown in Figure 4(b), and its
corresponding expert segmented image is shown in Figure 4(c).The following table (Table 1)gives the computed
Jaccard and Dice values for the images shown in Figure 4.

Table — 1 Computation of Jaccard (J) and Dice (D) similarity measures for the image shown in Fig 4.

Sl. No. Images Jaccard values(J) Dice Values(D)
1 Image 1 0.8705 0.9625
2 Image 2 0.8628 0.9131
3 Image 3 0.8511 0.9329
4 Image 4 0.8848 0.9885
5 Image 5 0.8772 0.9359
6 Image 6 0.8928 0.9324
7 Image 7 0.8601 0.9565
8 Image 8 0.8752 0.9432
9 Image 9 0.8619 0.9286
10 Image 10 0.8524 0.9527
s Original Seganented fmage Expert seguented
Images image by the proposed age
e thod
Image 1 0.
=
p——
Ihooge 2 Q‘
=
ll““ge | L‘;" - -
l'nngp ! u“‘ - -
lln“ge ) “ - -
= |
e DD
Inage 7 '[ ‘
l‘nngp ; u"k - -
e
Image 9 “
|
- &9 [l Il
(") M) ()

Figure 4: Segmentation result by the proposed method (a) Original images (b) Segmented tumor image by the
proposed method (c) Expert segmented tumor image
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IV. Conclusions
This proposed method describes a simple method for the segmentation and identification of lung tumor

in CT scan images. In this method, we useda combined algorithm, Firefly Algorithm with Fuzzy C-Means for
segmentation. This algorithm helps to identify the centroid points from an input image first by that they form a
cluster to reduce the time on tumor segmentation. The computed Jaccard (J) and Dice (D) similarity measures
using the expert segmented image produced better result on all the tested images.
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