INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION ENGINEERING, VOL. 9, NO. 6, DECEMBER 2011 661

http://dx.doi.org/10.6109/ijice.2011.9.6.661

An Efficient Extraction of Pulmonary Parenchyma in
CT Images using Connected Component Labeling

Kiran Thapaliya, I1-Cheol Park, and Goo-Rak Kwon, Member, KIICE

Abstract— This paper presents the method for the
extraction of the lungs part from the other parts for the
diagnostic of the lungs part. The proposed method is
based on the calculation of the connected component
and the centroid of the image. Connected Component
labeling is used to label the each objects in the binarized
image. After the labeling is done, centroid value is
calculated for each object. The filing operation is
applied which helps to extract the lungs part from the
image retaining all the parts of the original lungs image.
The whole process is explained in the following steps
and experimental results shows it’s significant.

Index Terms— Connected Component Labeling, Centroid,
Standard Deviation, Mean, Thresholding.

I. INTRODUCTION

IMAGE processing is a vast field which is growing
rapidly. It has been used in various fields for many
purposes. One of the most important fields of digital
image processing is bio-medical. It is used for the
extraction of various kinds of information from the
images. Among the different parts of the body, lung is one
of the most important organs of human body. So in the
medical field the study of lung for different kinds of the
diseases are very important. So the careful extraction of
lung part for the diagnosis of diseases is most necessary.
Among the other disease the frequently cause disease in
the lungs part is the cancer. So early detection of cancer
can save the life of human. At the present lung CT
scanning is widely used to diagnosis the various
pulmonary diseases including the lung cancer. CT images
give a great opportunity for the detection of small long
nodules due to their high resolution and high quality
images. The doctor during the surgical planning has to
view the detail parts of the lungs to find out the diseases.
So the proper extraction of lungs can reduce the overload
of doctor. The accurate of any lung irregularity can be
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determined from an efficient lung segmentation technique.
During the segmentation, it is very vital to know that the
technique is able to retain the complete part of the lung
and not a small or single part which is present in the
original image is eroded.

So many algorithms have been proposed for the
segmentation of lungs. Samule et al. [2] applied border
tracking to find region boundries. Brown et al. [3]
adopted anatomical knowledge including expected
volume, shape, relative positions and X-ray attenuation
of organs to guide the segmentation process. Hu et al.
[1] applied the optimal threshold to segment lung
regions. In order to remove the work of finding the
optimal threshold, Shojaii et al. [4] presented a lung
segmentation technique based on the gradient
technique and watershed transform to find the lung
borders. Kim et al. [5] applied a novel lung
segmentation technique based on anisotropic diffusion
and morphological operation. Kanazawa et al. [6]
applied an automatic extraction method based on grey
level thresholding technique. El-Baz in [9] extracted
the lung regions by eliminating the background
followed by using an adaptive thresholding approach
and the median filter. Julian in [7] used thresholding,
followed by sequential morphological filtering, edge
detection and thinning to extract the lung using
TRACE algorithm. Chen et al. [8] used Otsu method
for the first to binarize the image followed by the flood
fill algorithm and morphological operation like erosion.
However Chen et al. [8] has been success to extract the
lungs part but has some defects. The author has
applied the erosion operation to fill the holes in the
lungs but erosion operation reduces the information
from the lungs and the author has used the Otsu method
as a first step to binarize an image. But Otsu method
fails when the background is not uniform.

The proposed algorithm uses the mean and standard
deviation as the first step to binarize an image and uses
the connected label component to determine the centroid
of each label component and used the flood fill algorithm.
The proposed method can be easily implemented and the
experimental results prove the proposed algorithm is
better than the above algorithm.
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II. PROPOSED ALGORITHM

A. Image Preprocessing

As we know that the medical images may contain lots
of noises, dirt and dust which affects in the process of
segmentation. So it’s very important to remove the noises
from the images which make doctor to examine the lungs
part properly. So the first step of the image segmentation
is the removing the noises which is present in the image.
Median filter is used here because it preserves the sharp
edges of the image. The original image and the filtered
image are shown in Fig. 1.

Fig. 1. The original CT image and the result after median
filtering.

B. Binarization

The pulmonary parenchyma contains air whose mass
density is lower in compare to the surrounding tissue. So
by choosing the appropriate value for threshold, it can
segment the lung region from the CT images. So to
calculate the effective value of threshold we can find out
the mean and standard deviation of the filtered image. The
mean and standard deviation of the image is calculated by
the following equation.
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Where p and o are the mean and standard deviation
of the image.

As the value of mean and standard deviation is
calculated, the threshold value is determined by the
following equation.

T=a*xoc+ bx*p 3)

Where a and b are constant variable, ¢ is the standard
deviation of an image and p is the mean of an image.

With this threshold value T the image is binarize
which is shown in Fig. 2

Fig. 2. The filtered image and the obtained binary image
using threshold value T.

C. Connected Component Labeling

Connected Components labeling works based on
scanning an image and group its pixels in to components
based on pixel connectivity which means all pixels in a
connected component share similar pixel intensities
values and are connected with each other by any means.
After determining these all the groups each pixel is
labeled according to the component it was assigned to.
Connected component labeling works on both binary or
gray-level images and different level of connectivity is
possible. But in this algorithm Connected component
labeling is used in binary image with 4 label
connectivity. The working of connected component is
explained below.

The Connected components labeling operator scans the
image by moving along until it comes to a point p where p
denotes the pixel to be labeled at any stage encountered in
the scanning process for which V=(1). When this is true,
it examines the 2 neighbors (i.e. to the left and above it)
of p which has been encountered in the scanning process.
Based on this information, the labeling of p occurs as
follows:

1) If all two neighbors are 0, assign a new label to p,
else

2) If only one neighbor has V= (1), assigns its label to
p, clse

3) If more than one of the neighbors have V= (1),
assign one of the labels to p and make a note of the
equivalences.

After the scan is complete, the equivalent label pairs
are sorted into equivalence classes and a unique label is
assigned to each class. The final step is followed by the
second scan through the image, during which each label is
replaced by the label assigned to its equivalence.

The assigned labeled to the binary image is shown in
Fig 3.
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Fig. 3. Binary image and the labeled image done to the
binary image.

D. Calculation of Centroid and applying the flood-fill
algorithm

After the labeling of the each class, the centroid C of
each class is calculated. This centroid value is used to
remove the other unnecessary objects from the image and
used to fill the holes in the image. The centroid value is
again used as a threshold value to achieve the next level
of binarize image.

If the value of centroid (C) is greater than the centroid
value C=1.9 and less than 80 then we obtained the next
level of binary image B2.

B2=C>19and C < 80 “4)

After obtaining the image after applying the value of C,
we used flood-fill algorithm.

Fig. 4. The labeled image, the image obtained after applying
the value L to the labeled image , the image obtained

after applying the flood-fill algorithm and the

finally extracted image.

Finally, the obtained binary image in Fig. 4. (c) as a
mask to the original image, all the pixel corresponding
to the white pixels in the mask image are kept
unchanged and the other pixel values are set to the same
values to the original CT image. Then the lung part is
easily extracted which is shown in Fig. 4. (d).The
obtained image after thresholding with centroid value C,
applying the flood-fill algorithm and the final extracted
image is shown in Fig. 4

III. FLOW CHART OF THE PROPOSED
ALGORITHM

The Flow chart of the proposed algorithm for the
extraction of the pulmonary parenchyma is shown in
Fig. 5.
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Fig. 5. The flowchart of the proposed algorithm.

IV. EXPERIMENTAL RESULTS

The proposed algorithm is tested in many different
types of CT images. The proposed method gives the better
result which is able to retain the all the parts of the lungs
that are present in the original image. The proposed
algorithm when applied to different CT images gives the
result which is shown below. The value of C in equation
(4) is determined experimentally. The given algorithm
was tested using the MATLAB 2009. The experimental
value found for the C =1.9 and C=80. Fig. 5. (a) is an
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original image and Fig. 5. (b) is the image obtained by
applying the Chen method and Fig.5. (c) is the image
obtained by output image extracted by using the proposed
algorithm. From the experimental results it is clear that
the proposed algorithm is better than the Chen method.
Chen method is unable to retain all the parts of the lungs
which are in the original image but the proposed
algorithm retains all the parts of the lungs which are in the
original image which is clear from the experimental
results.

Fig. 6. The original image (a), the image (b) is obtained
by Chen method and the final image (c) is
obtained by proposed method.

Fig. 7. Figure (2) and (b) are original image and figure (c)
and (d) are finally extracted image respectively

Fig. 8. The above figure (a) and (b) are the original image
and figure (c) and (d) are the final image extracted

respectively.

The proposed algorithm works to the image whose
background is not uniform where as for the Chen method
it has used Otsu method so fails when the background is
not uniform. The other experimental results applied for
the various lungs images are shown below.

V. CONCLUSIONS

The proposed algorithm is very efficient and easy to
implement. Since it uses the mean and standard deviation
as the first step, the image is properly binarized. As seen
from the experimental results of different kinds of lungs
image proposed algorithm can be used to apply different
types of images to extract the lungs part effectively and
since it does not use the erosion algorithm as used by
Chen, our algorithm is able to retain the information of
the lungs image which has been extracted. The result of
proposed algorithm is better and able to retain tinier parts
of the original image.
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