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ABSTRACT

The objective of this paper is to develop a segmentation system in order to assist the surgeons to remove the
portion of lung for the treatment of certain illness such as lung cancer, and tumours. The fissures of lung
lobes are not seen by naked eyes in low dose CT image, there is a proposal for automatic segmentation
system. The lung lobes and nodules in CT image are segmented using two stage approaches such as
modified adaptive fissure sweep and adaptive thresholding. Initially pre-processing is used to remove the
noise present in CT image using filter, then the fissure regions are located using adaptive fissure sweep
technique, then histogram equalization and region growing is applied to refine the oblique fissure. Lung
Nodules are segmented using thresholding. The comparative analysis of manual and automatic segmentation
for fissure verification has been performed statistically. The analysis is made on 20 set of images.
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1. INTRODUCTION

Multisided CT imaging is the primary digital technique for imaging the lung for the detection of
pulmonary (lung) disease such as lung cancer, tumour, and cystic fibrosis. The clinical CT image
of the lung is shown in Figure 1 and its general anatomy is shown in Figure 2. In order to segment
lung lobes, fissures or boundaries are detected based on apriori knowledge from the anatomic atlas,
this method uses ridge operator and graph search [22]. By using 3D watershed transform lung
lobes are segmented, in this method distance map is performed on vessel mask and then combine
the original, refine the fissures using interactive watershed transform [11]. The first step for lung
lobe segmentation is lung segmentation, in this method lung regions are extracted by using
threshold and left and right lungs are segmented using dynamic programming [6]. Fissure
extraction using Vander burg’s linear feature detector and morphological operators for segmenting
lung lobes from Imm clinical CT image [12], 0.2mm isotropic CT images [10]. Fissure near the
lesions are calculated using surface curvature analysis [9]. Boundary of an object is identified
using spline contours and iterative energy minimization formula, however this method fails when
large gaps are present [2] [3] [16]. Fissures are present in the lung where there are no vascular or
bronchial trees and hence it is necessary to segment the vascular and the bronchial trees by
considering the grey level information, 3D shape constraint, and apriori knowledge [5]. Lung lobes
are segmented using apriori knowledge [23] and 3D shape constraint [18]. In this method fissures
are identified using graph search and fuzzy reasoning. By using the Gaussian, sobel and ridge
operators fissures are detected using shape based curve growing method in 1.25mm CT image [19]
[15]. The pre requisite for the fissure detection to segment the lung lobes is lung segmentation, in
this paper segmentation by registration is used [20]. Lung lobes are segmented in clinical CT
image using adaptive fissure sweeping for finding the fissure region and using watershed
transform to enhance the fissure [17]. Pulmonary fissures are segmented by extracting the vascular
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trees [8]. 3D visualization of lung cavities is important for surgical planning of treating lung
disease [7] [1]. Methods such as variation approach [21], graph cuts [4], guided random walks [14]
are used for finding the object boundaries, however this method requires manual intervention and
high computation. In order to identify the actual fissure locations and curvatures from the fissure
regions using discrete wavelet transform [5]. Fissure regions are identified using fissure sweeping
technique and then the locations are identified using discrete wavelet transform [24].
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Figurel. Clinical CT Image Figure2. General anatomy of Human lung

2. PROPOSED TECHNIQUE

The proposed technique mainly consists of four subdivisions:
2.1 Image Enhancement and Segmentation.

2.2 Fissure Detection for identifying the fissure regions.

2.3 Fissure Refinement using region growing method.

2.4 Nodule Segmentation using Adaptive Threshold

The system architecture is presented in Figure 3.
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2.1. Image Enhancement and Segmentation

Pre-processing is done to remove the noise present in the CT image. In order to remove the
Gaussian noise, Wiener filter is used. Since Wiener filter gives an estimate of the original
uncorrupted image with minimum mean square error, and hence Wiener filter is used for removing
the noise present in the lung CT image. Bronchial and the vascular trees are enhanced in the CT
image using the morphological Hat operation. The morphological operations are based on simple
mathematical concepts from set theory. These operators are particularly useful for the analysis of
binary images and common usage include edge detection, noise removal and image enhancement.
Segmentation refers to the process of partitioning a digital image into multiple segments. The goal
of segmentation is to simplify and/or change the representation of an image into something that is
more meaningful and easier to analyse. Image segmentation is typically used to locate objects and
boundaries (lines, curves, etc.) in images. More precisely, image segmentation is the process of
assigning a label to every pixel in an image such that pixels with the same label share certain
visual characteristics. In this paper adaptive threshold method is used to segment the left and right
lungs.

2.1.1. Steps for lung enhancement

Pre-processing of image is done using wiener filter. Wiener filter of size 3/3 pixel is optimum.
Resulting image contains less speckle noise. Vascular and Bronchial trees are enhanced using the
morphological operators such as the bottom and top hat filters.

2.1.2. Steps for lung Segmentation

Left and right lung are segmented using the adaptive thresholding. Lung is segmented using
thresholding and connected component labelling. Mean of the CT image is used as the threshold
value.

2.2. Fissure Detection for identifying the fissure regions

The fissure sweeping method is used for finding the fissure region, in fissure sweeping predefined
fissure angles are used to find the fissures. Fissure angle is defined as the angle between the fissure
and the flat horizontal line. For finding the fissures in the superior region of the lungs positive
fissure angle is used and to detect the fissure in the inferior region of the lung negative fissure
angle is used.

2.2.1. Steps for Fissure Region Sweeping

It uses predefined fissure angle, fissure angle is the angle between the fissure and flat horizontal
line. At each angle the technique scans the CT image to detect the empty region where fissure
could be located. Euclidean distances are used to detect the search region.

Dg = Dgw-Dw

Where Dg = Distance between the boundary and the centre point of the empty region.
Dgw = Distance between the boundary and the centre point of the reference region.
Dy = Distance between the boundary and centre point of the non empty region.

2.3. Fissure Refinement

Fissure locations and curvatures are identified within a fissure region. The contrast of the lobar
fissure is poor, histogram equalizer is used to increase the contrast and then fissure are refined
using region growing method. The region growing method determines the empty regions between
vascular and bronchial trees of lung lobes. The centre of empty region provides fissure’s location.
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2.3.1. Steps for Fissure Refinement

Fissure locations are identified using region growing method. Initially the contrast is enhanced
using histogram equalization. Region growing approach is used to detect the fissure. In region
growing method fissure’s centre line is used as the seed point. The seed grows in an orthogonal
direction to that of the centre line of the fissure region found from the fissure sweeping technique.

2.4. Nodule Segmentation

Nodule is a mass of tissue located in the lung. It appears as round, white shadows on CT
image. Mass of 25mm or larger can cause cancer. Therefore it is necessary to segment lung
nodules from blood vessel at an earlier stage. Thresholding is used to segment lung nodules, since
it takes less time and provides an efficient method to segment nodules.

2.4.1. Steps for Nodule Segmentation

Thresholding method is used to automatically detect the nodules present in lung. Mean pixel
intensity of the image is taken as the threshold.

3. IMPLEMENTATION

3.1. Pre-processing for the removal of noise

The CT Images normally contains artefacts, noise which will not be suitable for further processing
and hence it has to be pre-processed to reduce the noise using Wiener filter. Wiener filter is used
because of following advantages.

Advantages of Wiener filter

i. It takes very short time to find the optimal solution as the apriori knowledge about the
image is taken into consideration.
ii. It controls the output error as it is optimal.
iii. It is straightforward to design and it is faster.
iv.  Itis aleast mean square filter.

The disadvantages of Wiener filter is that the results are too blurred and it is spatially invariant, but
these are not observed in the experimentation result and hence Wiener filter works better when
compared with respect to other. The main constraint in the use of Wiener filtering is that signal
and noise should be Gaussian processes for optimality. The noise in the image can be modelled as
Gaussian. Gaussian is the natural way of modelling noise. Therefore Wiener filter is used for
removal of noise in CT image. Wiener filer gives an estimate of the original uncorrupted image
with minimum mean square error and the estimate is the non linear function of the corrupted
image. Wiener filters of size 3*3 are used to remove the e noise present in the CT image, two of
the error metrics are used to evaluate the filter with mean square error (MSE) and the peak signal
to noise ratio (PSNR). The mean square error is the cumulative squared error between the
compressed and the original image, whereas peak signal to noise ratio is a measure of the peak
error. The mathematical formulae for the two are

MSE = 1/MN (I(x,y)- I'(x,y)) - (1)
PSNR =20*log10 (255/sqrt(MSE)) --- (2)

Where I(x,y) is the original image, I'(x,y) i the approximated version (which is actually the
decompressed image) and M,N are the dimensions of the images. A lower value for MSE means
lesser error, and as seen from the inverse relation between the MSE and PSNR, this translates to a
high value of PSNR. Logically, a higher value of PSNR is good because it means that the ratio of

Signal to Noise is higher. Here, the 'signal' is the original image, and the 'noise' is the error in
reconstruction. According to equation 2 PSNR is calculated in Table 1 for the CT images.
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Patient # | PSNR (db)
1 42.1595
2 42.884
3 37.0637
4 37.1547

Tablel. Peak signal to noise ratio for the CT image

According to the equation (1) and (2) the value of mean square error and the peak signal to noise
ratio is given for the Figure 4 as 42.1595
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PSNR value = 42.1595

Figure 4. Wiener Filtered Image

3.2. Vessel Enhancement

Vascular and Bronchial tress are enhanced using the morphological operations. Morphology is a
technique of image processing based on shapes. The value of each pixel in the output image is
based on a comparison of the corresponding pixel in the input image with its neighbours. The first
step is to create structure element. Morphological operations like top hat and bottom hat filters are
used. Top-hat filtering is used to correct uneven illumination when the background is dark. Top hat
operation contains peaks of object that fit the structuring element. Bottom hat operations are used
to fill the gap between the objects.

Vessel Enhanced = Input image +top hat (Input image) - bottom hat (Input image) ----- (3).

The output is obtained from equation (3), which is given the Figure 5.
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Morphological Operation|

Input CT image

Vessel enhanced image

Figure 5.Vessel Enhanced Image

3.3. Lung Segmentation

Here the left and the right lung are segmented using adaptive thresholding. Threshold values are
selected based on the mean value of the CT image. The output of lung segmentation for CT images
is shown in Figure 6

Thresholding —

Input CT image Lung segmented image

Figure 6.Lung Segmented Image

3.4. Fissure Region detection

Fissure regions are identified using the fissure sweeping technique and the fissures are enhanced
using region growing method. The fissure sweep technique finds the fissure regions in the pre-
processed CT images. The fissure sweep technique finds the fissure regions in the pre-processed
CT images. The general anatomic structure of the lung is shown in Figurel, in which the lobar
fissures separate the lung lobes where no major vascular or bronchial trees cross. This signifies
that in the pre-processed binary images, fissures are represented by large amounts of air or space
extending from the middle to the lateral side of the lungs. The fissure sweep technique uses this
knowledge to coarsely define void regions where fissures could be present. The fissure sweep
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technique first calculates a set of predefined fissure angles. It is defined by angles between the
fissures and a flat horizontal line using knowledge from the general lung anatomy.

ALGORITHM

Input: Threshold image
Output: Fissure detected image

STEPS

1. Take the input image.

2. Draw a horizontal reference line and the fissure line

3. Keep the horizontal line is fixed and varies fissure line from the top to bottom which scans the
input image

4. Determine the void region by checking the continuous number of black pixel from the scanning
process.

5. The algorithm for fissure sweeping is implemented in the Figure 7 and the fissure swept result is
shown in the Figure 8.

Fissure Sweeping | é ﬂ

Fissure Sweep Image

Input CT image

Figure 7. Fissure Sweeping

Figure 8.Fissure Swept Result
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3.5. Fissure Refinement

Fissures are enhanced in the lung CT image using Region growing method, initially histogram
equalization is used to enhance the contrast of the fissure region, and then the Region growing
method is applied to refine the fissure. Fissures are generally situated between the vascular and the
bronchial trees of the two adjacent lung lobes. In Region growing method it finds the empty
regions between the vascular and bronchial trees of the two lung lobes. The centre of these empty
regions gives approximate fissure locations. In conventional region growing technique the seed
point goes in all directions whereas in this region growing technique the centre of the fissure
region is used as the seed point. This prevents searching the fissure from deviating too far from the
fissure angle. The seed grows in a direction outwards is perpendicular to the middle of the fissure
region and the output of fissure refined image is shown in Figure 9.

CR— -
o / w
Region Growing Method [——
Input CT image Fissure Refined Image

Figure 9.Fissure refined image

3.6. Lung Nodule Region Segmentation

Lung Nodules are segmented using adaptive thresholding. Mean of CT image is used as threshold.
The Lung Nodule Segmented Image is shown in FigurelO.

Thresholding

Input CT image Nodule detected image

Figure 10.Nodule Segmented Image
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4. RESULTS AND DISCUSSION

4.1. Fissure Verification

In order to test the segmentation algorithm, real time clinical CT images from twenty patients have
been processed and the experimental results are shown in Figure 11 and 12. The resolution of all
CT images is 512*512 pixels with a thickness of Smm to 10mm. The results were obtained for
eight patients.

The performance of the segmentation algorithm is evaluated using a 1.6Ghz Intel(R) Core(TM)
2Duo CPU with 1GB of RAM running Matlab7.0 (R14). The Matlab is a Matrix laboratory and it
is a high-performance language for technical computing integrates computation, visualization, and
programming in an easy-to-use environment. Normally for surgeons it takes around 15 to 25
minutes to analyze the clinical CT images whereas the run time of segmentation algorithm is only
3 minutes and this indicates that the automatic segmentation is better suited for busy clinical
settings.

The identified fissure results are verified by comparing the manual and the automatic segmentation
and the accuracy is calculated statistically. Manual segmentation is carried out by the surgeons. In
Figure 11, fissures are located manually by surgeons and the fissure distances are identified from
two extreme boundaries. In Figure 12, oblique fissures are identified automatically by
segmentation algorithm using fissure sweeping technique and its accuracy is found and it is shown
in Table 2.

The automatic segmentation is better than manual segmentation because of the following reasons:

i.  Automatic method is faster.
ii.  Automatic method is easy to segment lung lobes with large number of images whereas it is
difficult for manual method to segment lung lobes as the number of images is larger.
iii.  Automatic method takes lesser time, whereas the manual method is clumsy and subjective.

1603 2208 ¢ 0810 [ET OECGECE

Input CT Image Manually segmented right and left oblique fissures

Figurell. Result for the Manual Segmentation
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Input CT Image Automatically segmented right and left oblique fissures

Figurel2. Result for the Automatic Segmentation

Patient # Manual Automatic Mean Accuracy %
Segmentation | Segmentation Difference (100* Mg)/(Ma+A,)
M, A, M, =abs(M,-A,)
1 220 161 59 87
2 191 161 30 92
3 1654 3661 2007 72.58
4 1408 4263 2855 66.5
5 639 3274 2635 60
6 161 214 53 88
7 84 85 31 82
8 1270 4133 2863 65.3

Table 2.Accuracy for Segmenting the Oblique Fissure

In Table 2, M, represents the total number of pixels from the edge to the centre of the fissure
region in Manual Segmentation, A, represents the total number of pixels from the edge to the
centre of the fissure region in Automatic Segmentation, My represents the Mean difference
between Manual and the Automatic Segmentation and finally accuracy is calculated using the
following formula:

Accuracy = (100*My)/ (M, +A,)

5. CONCLUSION AND FUTURE WORK

Fissures cannot be seen by naked eyes because CT images are taken by low resolution scanners
and as the number of image increases, efforts taken by the medical experts to analyze the image
consumes much time. Because of this reason, there is a proposal for developing an automated
segmentation system to assist the medical experts, thereby reducing the consumption of time, so
the project has been developed.

In this project initially pre-processing of a CT image is done to remove the noises present in it.
Then the vessels are enhanced using the morphological operators followed by lung segmentation.
The fissure regions are identified, enhanced and verified. Lung nodules are segmented using
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adaptive threshold. Through the project we have developed a segmentation algorithm for
identifying the fissures and nodules from CT images. Using the statistical analysis such as mean
difference between the automatic and manual segmentation, the results are verified. The results
indicate a potential for developing an automatic algorithm to segment lung lobes for surgical
planning of treating lung disease.

This project may be extended in the future, by focussing on the following aspects: Improving
segmentation of horizontal fissures, further evaluating the algorithm under severe pathological
cases, 3D visualization of the segmented lung lobes and nodules using volume rendering method
and fissure detection, verification is carried out with the increased number of images.
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