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ABSTRACT 
Lung cancer, which has a high mortality and the greatest incidence worldwide, can be diagnosed 

with the aid of chest x-rays or computerized tomography (CT). Some computer-aided diagnosis (CAD) 
systems have been developed to help physicians diagnose lung cancer. In medical images, however, 
some nodules attached to the lung boundary are usually segmented as a part of the pleura or 
mediastinum. This causes these non-isolated nodules to be excluded from the lung parenchyma, which 
will influence the accuracy of CAD in nodule detection. To solve this problem, this article presents a 
method known as K-cosine corner detection to find the corner points on a boundary. These corner points 
are linked under defined criteria. Experimental results shows that a complete and accurate segmentation 
of lung parenchyma can be carried out, which demonstrates the feasibility of the proposed method. 
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1. INTRODUCTION 

Cancer was one of the ten leading causes of death in Taiwan in 2009, 
accounting for around twenty-eight percent of all deaths (Huang, 2010). Among the 
many types of cancer, lung cancer is the second most common cancer killer in men 
but the most common cause of cancer death in women (Huang, 2010). Lung cancer 
is also a prevalent disease in the United States (American Cancer Society, 2006) 
and in the UK (Dehmeshki, Chen, Casique & Karakoy, 2004). The detection of 
small lung cancers at an early stage is extremely important for the improvement of 
survival rates and prognosis of the patient. Screening lung cancer by using 
low-dose computed tomography (CT) has been proposed for many years, as CT 
images have a higher spatial and temporal resolution than chest radiographs. Many 
studies have demonstrated that low-dose CT scans can detect peripheral lung 
cancers at an early stage (Diederich, et al., 2002; Nawa et al., 2002). Hence, CT is a 
favorable and promising method in the detection of small lung nodules. 

To achieve a reliable and high performance computer-aided diagnosis (CAD) 
system, accurate lung area extraction from CT images must be carried out. These 
techniques are currently applied to lung segmentation, including gray-level 
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thresholding (Armato & Sensakovic, 2004; Kim, D. Y., Kim, J. H., Noh & Park, 
2003; Korfiatis, Karahaliou, Kalogeropoulou, Lazamtzo & Costaridou, 2009), 
active contours (Silveira & Marques, 2006; Way, et al., 2006), region growing (van 
Rikxoort, de Hoop, van de Vorst, Prokop & van Ginneken, 2009), watershed 
transform (Peter, Boussone, Bergote & Peyrin, 2008), anatomical model (Brown, et 
al. 1997), knowledge-based methods (Brown, et al. 2000; Cuevas, Spieth , 
Carvalho, Abreu & Koch, 2009), etc. In view of the fact that CT values are lower 
for the lung area than that for the chest wall, the gray-level thresholding technique 
can extract substantial parts of lung regions from the CT images. 

In fact, the above-mentioned techniques applied to CAD schemes have all 
demonstrated that they can segment the lung parenchyma from the lung CT images, 
and CAD systems can detect isolated nodules. However, nodules or vessels in 
contact with the chest wall may be excluded from the lung parenchyma during the 
segmentation processes, even though non-isolated nodules do not show as often as 
the isolated nodules in the CT image inspections. The non-isolated nodules have a 
high possibility of being cancerous and they should be included in the lung 
parenchyma after the lung segmentation (Homma, Shimoyama, Ishibashi & 
Yoshizawa, 2009). In this study, we calculate the curvature of the contour of the 
lung parenchyma acquired from the image segmentation. The curvature information 
may be used to compensate for errors, especially for non-isolated nodules, caused 
by utilizing a gray-level thresholding technique for segmentation. 

2. Materials and Methods 

2.1 CT Image Data 

The CT images used in this study consisted of twenty-eight cases, and all 
patients received the CT screening at Changhua Christian hospital (Taiwan), using 
a 64-row multidetector CT system (Brilliance CT scanner; Koninklijke Philips 
Electronics N.V., Amsterdam, Netherlands). The CT scans were performed at the 
same acquisition parameters for all patients (120 kVp; 300 mAs; detector 
collimation, 0.625 mm and gantry rotation time, 0.4 second). 

The original axial image was a 1-mm-thick image, and we selected 5-mm 
slice thickness for image reconstruction. Each slice had a matrix size of 512 × 512, 
with a pixel size of 0.33 mm. One image was selected per patient to form a 
28-image set, which included eighteen abnormal images and ten normal images. 
From each patient, a representative slice bearing nodules was chosen according to 
which nodule had the largest diameter. The abnormal images all had nodules while 
only a few normal images did not have nodules inside. The diameters of the 
nodules were between 4 and 28 mm (mean: 13.8 ± 5.6 mm). All image data were 
collected from January 2007 to September 2008 at Changhua Christian hospital 
(Taiwan). An experienced radiation oncologist assisted us to contour the malignant 
nodules on the abnormal images based on the biopsy reports. These image data 
were all stored in DICOM format, which were transferred digitally from the CT 
scanner to a desktop computer for image analysis. The desktop computer worked at 
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2.8 GHz with the Windows® XP operation system. We used MATLAB® as the 
development environment to write the program and to exhibit the final results of 
image analysis. 

2.2 Overall Procedures in Our Scheme 

Figure 1 shows the processes of our lung extraction scheme. First, we 
performed image processing on the original image to obtain the lung parenchyma. 
Image denoising and enhancement techniques were used to improve image quality 
and enhance the contrast between different objects. After using the technique of 
gray-level thresholding segmentation, the lung parenchyma can be roughly 
extracted from the original CT image. Nevertheless, some undesired parts remained 
in the segmented image, such as small tracheas or the edge of the CT table. 
Connected component labeling (CCL) and a background removal algorithm can 
remove the undesired parts from the image. However, the lung parenchyma 
acquired from the image processing sometime was not intact, especially when there 
was a nodule near the pleura. To overcome this drawback, we calculated the 
curvature of the lung parenchyma (the curvatures of right and left lungs were 
calculated separately) in the following step. By using the curvature information, 
juxtapleural objects (i.e., non-isolated pulmonary nodules) could be included in the 
lung parenchyma for further analysis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Major procedures in our scheme for lung extraction. 

CT image data

Image denoising and enhancement

Gray-level thresholding segmentation 

Connected component labeling (CCL) and the 
background removal algorithm 

Contour tracking and curvature calculation 

Compensate for errors in segmentation 
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2.3 Lung Segmentation 

When using the gray-level threshold technique, the lung is segmented from 
the CT image. However, before applying the gray-level threshold technique, the 
Wiener filter (Lim, 1990; Sharma & Van Veen, 1994) and image enhancement 
methods are utilized to reduce the noise and enhance the contrast of the image, 
respectively. Contrast enhancement is carried out by the linear stretch method, 
which is suitable for applying to images with very low or very high variations in 
brightness. Equation (1) is used for the contrast enhancement of the image, 

Ιoutput = 255min),(
×

−

range
IjiI                    (1) 

where I(i,j) is the intensity of gray level at the location (i,j) in the image, and Imin 
represents the minimum intensity value in the image. The range in (1) represents 
the result of subtracting the maximum value and the minimum value in the original 
gray-level image. 

To complete image segmentation, we adopt Otsu’s thresholding method (Otsu, 
1979) to calculate the best threshold value. The algorithm assumes that the image 
contains two classes of pixels (background and foreground) and can find an optimal 
threshold by iterative calculations through all possible values. The aim of Otsu’s 
method is to find the optimum threshold value to separate the two classes where 
their combined spread (intra-class variance) is minimal. The image is converted to a 
binary image after the calculation of an optimum threshold by the following 
criterion: 

otherwise
TjififjiB >= ),(

0
1

{),(                  (2) 

where T is the optimum threshold value obtained from the calculation. f(i,j) is the 
intensity value at the location (i,j) in the contrast-enhanced image and B(i,j) is the 
pixel of the binary image. After segmentation, the regions of lung parenchyma 
should be presented as dark areas in the image and other brighter regions in the 
contrast-enhanced image are shown as bright areas in the binary image. In order to 
acquire the lung parenchyma in the image, connected component labeling (CCL) 
(Fisher, Perkins, Walker & Wolfart, 2003) and the background removal algorithm 
(Soille, 1999) are used to process the binary image. The effect of these measures 
can be explained in a simple way. The bright areas in the binary image are 
transformed to dark areas and the pixel values of the dark areas surrounding the 
original bright areas are assigned the value 1. After these procedures, the lung 
parenchyma can be roughly acquired. However, the lung regions may still contain 
some trachea or parts of the chest wall even after the above-mentioned processes. 
In order to differentiate lungs and other tissues, the CCL technique is used again 
and the area of each block is calculated. Then, the two blocks with larger areas are 
selected as the lung regions. By means of the above-mentioned techniques we can 
obtain the lung parenchyma from the CT image. 
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2.4 Curvature Calculation 

Since non-isolated nodules are missed in the lung regions after image 
segmentation, we utilize a curvature calculation method to obtain the curvature 
information of the contour of lung. The right and left lungs can be calculated 
separately with the use of the CCL technique. The contour tracking technique (Lim, 
1990) is used to identify the outer margins of the acquired lung parenchyma. The 
contour information is then used in the curvature calculation. The curvature 
calculation method we used is the K-cosine corner detection (KCL) algorithm (Sun, 
et al., 2007), which is defined below. The points at the boundary of the object are 
defined by S = {Pi| i=1, 2, 3, …, m}, and the curvature of each boundary point Pi is 
defined as: 

)()(

)()(
cos)(

KibKia

Kibkia
iKic

⋅
== θ ,                   (3) 

 

-1 ≤ )(Kic  ≤ 1                       (4) 

In Eq. (3), iPkiPKia
rrr

−+=)( , iPkiPKib
r

−−=)( , θ indicates the angle between 

)(Kia
r

 and )(Kib , the value of )(Kic  is between 1 and -1, and K∈ N (natural 

number). The inner product of )(Kia
r

 and )(Kib  in (3) provide a geometrical notion 
of the angle between two vectors. Here, we use the result of Eq. 3 to determine the 
size of the angle between two nonzero vectors, )(Kia

r
 and )(Kib . Therefore, )(Kic  

denotes the cosine of the angle between )(Kia
r

 and )(Kib . K represents the number 
of pixels between the starting and ending points of a given boundary point. When 

)(Kic  equals -1, indicating θ = 180°, the corresponding point is on a flat segment. 
As )(Kic  approaches 1, the angle θ approaches 0, implying the corresponding 

point is on a sharp angle. When )(Kic  approaches 1, )(Kia
r

 and )(Kib  are in two 
different segments, the point Pi is believed to be a corner point. The corner 
detection error and curvature threshold are taken into account in the study (Sun, Lo, 
Yu & Tien, 2007). Consequently, the value of K is set as 4 in our study, which 
means we take 4 pixels from the corresponding point to calculate the vectors )(Kia

r
 

and )(Kib . By using the CCL technique, we can select one side of the lung for 
curvature calculation. Hence, the curvature information of the right and left lungs is 
obtained separately. 

2.5 Criteria for Error Compensation in Lung Segmentation 

From the curvature calculation, we can get the coordinate values of possible 
corner points on the boundaries of the right and left lungs. The corner points are 
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determined by the value of curvature threshold Tc. The curvature threshold Tc is 
calculated by using the Eq. (5). 

))(tan2cos( 1

C
KTc

−=                           (5) 

where, in this study, the values of C and K are set as 1 and 4 respectively. Hence, 
the value for the curvature threshold Tc is -0.8824. The curvature values for most 
boundary points are very close to -1, which means these points are located on a flat 
segment of lung contour. If the boundary points with K-cosine values are larger 
than the specified threshold T, these points are defined as the corner points on the 
boundary. These corner points may be spread on the boundary of the lung. To 
compensate for errors that occur in lung segmentation, a straight line equation (as 
seen in Eq. (6) and Eq. (7)) is used to connect any two corner points. In this 
procedure, the work of connecting any two corner points is done separately for the 
right and left lungs: 

y = mx + b,                           (6) 

12

12

xx
yym

−
−

=                            (7) 

where x1, y1, x2, and y2 represent the coordinate values for two different corner 
points, and m is the slope of the straight line that connects two points. 

Nevertheless, the coordinate values for some of these corner points are very 
close, and for others are very distant. In order to achieve a better efficiency and 
performance, the work of line connecting between two points is conducted in the 
image after lung segmentation under the following criteria. The criteria are: (1) the 
distance between two points must be less than 40 pixels (the value is set by 
empirical results); (2) the values of all the pixels on the path that the connected 
straight line passed through must be 0. The second criterion is used to avoid the 
connected straight line passing through regions that are already considered as lung 
parenchyma after image segmentation. If any two corner points satisfy the criteria, 
a straight line will be connected between the two corner points. In the segmented 
binary image, the values of pixels for the lung regions are all 1. By using these 
criteria, the work of line connecting can be carried out around the nearby boundary 
points. The morphologically close operation was then applied to fill the vacant 
spaces after line-connecting. Following these processes, the non-isolated nodules 
that are original excluded from the lung areas will be included in the lung 
parenchyma. 

3. EXPERIMENTAL RESULTS 

3.1 Initial Lung Segmentation 

The chest CT scan provides transaxial images of the lung of sufficient quality 
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to detect many lung diseases and abnormalities. In a typical CT image, the right 
lung shows in the left side of the image and the left lung appears in the right side of 
the image. Except for lung parenchyma, other tissues or organs of the body also 
show in the transaxial image of lung, even including the lines produced by the table 
of the CT machine. Some image processing techniques are needed to obtain 
adequate segmentation results in order to extract the lung parenchyma from the CT 
image. The results obtained from the first three procedures (image denoising and 
enhancement, gray-level thresholding segmentation, and CCL and the background 
removal algorithm) in our scheme of lung extraction are shown in Figure 2 and 
Figure 3. After the processes of image denoising and enhancement, the contrast of 
the CT image is improved and the differences in brightness are favorable for 
gray-level thresholding segmentation (as seen in Figure 2(b)). By utilizing Otsu’s 
thresholding method, CCL and the background removal algorithm, lung regions can 
be roughly extracted from the image. The example of the initial image 
segmentation with the use of Otsu’s method is shown in Figure 3(a). After applying 
CCL and the background removal algorithm, there is still the trachea and some 
white spots in the binary image (Figure 3(b)). To remove the undesired parts in the 
image, we compare the sizes of the remaining regions and keep the two largest 
regions in the image. In general, the correct lung regions can be acquired in this 
step (as seen in Figure 3(c)). 

 
 

 
 
 
 
 
 
 
 

 
            (a)                                   (b) 

Figure 2. The initial processes in image processing. (a) An original CT image and (b) the 
image after the processes of Wiener filter and image enhancement. 

3.2 Final Lung Extraction after Applying the Proposed Method 

After the initial segmentation, we can acquire the major lung areas from a CT 
image. However, some parts of the lung may be missed in image segmentation as 
there are non-isolated nodules in the image (as seen in Figure 3(c), there is a 
non-isolated nodule, indicated by an inserted white arrow, which is excluded from 
the lung areas). To avoid this situation, contour tracking and K-cosine corner 
detection is used to achieve intact lung area extraction. The results are shown in 
Figure 4. The original CT image used to show the results in Figures 2, 3 and 4 is 
the same. Figure 4(a) shows the contour of the left lung in Figure 2(a), and the 
corner points defined by the methods of contour tracking and curvature calculation 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

W. P. Hu et al./ Asian Journal of Arts and Sciences, Vol. 2, No. 1, pp. 1-15, 2011 

8 

are marked with small circles. The contour of the left lung shown in Figure 4(a) is 
plotted according to the image coordinate. Therefore, the staring points for x and y 
axes in Figure 4(a) are located on the upper left corner in this graph. Straight lines 
are connected between two corner points under the two conditions (as mentioned in 
section 2.5). Figure 4(b) exhibits the result of lines connecting two corner points. A 
close operation of the image is used to fill the gaps produced by the lines and the 
contour of the lung. The techniques of contour tracking, curvature calculation, line 
connecting and close operation are used to compensate for these errors caused by 
previous procedures in image processing. Finally, the non-isolated nodule can be 
included in the extracted lung areas (as seen in Figure 4(c)). Comparing the lung 
areas in the original CT image (Figure 2(a)) with the extracted lung areas (Figure 
4(c)) by visual observation, both areas are very similar and thus the final result is 
adequate. 
 
 

 
(a)                          (b)                          (c)    

Figure 3. The results of image processing. (a) After gray-level segmentation with the use of 
an optimum threshold calculated by Otsu’s method. (b) A trachea and some white 
spots remain on the CT image after using CCL and background removal algorithm. 
(c) The CCL technique is used again and the two blocks with larger areas are 
preserved. After these procedures, the lung areas can be roughly obtained. 

Figure 5 shows the extracted results from three other cases. For case (a), there 
is a non-isolated nodule in the anterior right lung in the original CT image, and the 
nodule can be kept in the final segmented image by the use of our methods. In the 
cases (b) and (c), the nodules are also located in the right lungs. For both cases, the 
nodules can be included in the final segmented image. These results demonstrate 
that the techniques we used in this study for lung extraction are effective and 
practicable. Hence, the proposed method in the study can improve the shortcomings 
caused by using gray-level thresholding segmentation. 

In most cases, the extracted results of lung areas obtained by using our 
proposed method are consistent with the results from visual observation. Most 
non-isolated nodules can be included in the final extracted lung areas. However, in 
some cases there were some drawbacks from using our proposed method. For the 
images in Figure 6, the upper, middle and lower images, respectively, show the 
original CT images, the extracted lung areas after image segmentation and 
background removal, and the final extracted results obtained from our proposed 
method. The case examples with poor results are shown in Figures 6(a) and 6(b). 
Except for non-isolated nodules, several bronchi near the boundary of the lung are 
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included in the final extracted lung areas, as the example shown in Figure 6(a). The 
case with a large non-isolated nodule (diameter > 28 mm) presented in Figure 6(b) 
is not in the image data mentioned in Section 2.1. This image is used to show a 
shortcoming in our proposed method. In the upper image of Figure 6(b), there is a 
non-isolated nodule shown in the posterior right lung. Unfortunately, this 
non-isolated nodule is not successfully included in the final extracted lung areas. 
This is a consequence of the non-isolated nodule being too large. In the first 
criterion for line connecting, we define the distance between two points as being 
less than 40 pixels. This limitation causes most parts of the non-isolated nodules to 
be excluded from the final extracted lung areas. Therefore, under the first criterion 
for line connecting, our proposed method is not suitable for use in cases with large 
non-isolated nodules. Actually, in our proposed method, the large non-isolated 
nodule can be included in the final extracted lung area by adjusting the condition of 
first criterion for line connecting. If the value of the distance between two points is 
increased in the first criterion for line connecting, the larger non-isolated nodules 
should be included in the final extracted lung areas. But it may also cause more 
tissues not belonging to the lungs to be included in the final result the of lung 
extraction. The CT image shown in Figure 6(c) is from a normal case. This result 
demonstrates that our proposed method does not cause any adverse effect on the 
lung extraction result of a normal case. This is because the work of line connecting 
is only conducted if there are corner points on the contours of the lungs. For this 
case in Figure 6(c), there are no corner points on the contours of the lungs. The 
work of line connecting is not performed in this case and the close operation does 
not influence the final outcome of lung extraction. 

 

(a) 
                                     

             (c) 

Figure 4. Contour information for error compensation in lung segmentation. (a) The contour 
of the left lung is shown in the figure. (Small circles denote the corner points on 
the contour). (b) The result of line connecting. (c) The final result of lung 
extraction. 

(b) 
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Figure 5. Extracted results for other three cases obtained by the proposed method. (a) Case 1. 
(b) Case 2. (c) Case 3. 

 

 

 

 

 

 

 
 
Figure 6. Three extraction results for lung areas for different cases. The upper, middle and 

lower images show the original CT images, the extracted lung areas before 
performing our proposed method, and the final extracted results obtained by using 
our proposed method, respectively. Two abnormal cases with poor lung extraction 
are shown in (a) and (b). Case (c) shows the extraction result of a normal case. 

(a) (b) (c) 

(a) (b) (c) 
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4. DISCUSSION 

In the past, many methods have been proposed to compensate for the errors 
arising from gray-level thresholding segmentation. Manual editing is an alternative 
way to obtain satisfactory lung regions after gray-level thresholding segmentation 
(Denison, Morgan & Millar, 1986; Kalender, Fichte, Bautz & Skalej, 1991). A 
sequence of morphological operations is also an effective technique for smoothing 
the irregular boundary along the lung region (Hu, Hoffman & Reinhardt, 2001). 
Another method, known as a bridging algorithm, can be implemented along each 
lung segmentation contour to compensate for segmentation error (Goo, et al., 2003). 
This method calculates the convexity of each point on the contour followed by an 
imaginary bridge being successively placed tangential to each contour point. 
Therefore, the indentation is bridged by a new contour segment and some 
non-isolated nodules could be newly encompassed within the lung segmentation 
regions. Qiang, Feng and Kunio, (2008) reported that they tracked the contour of 
the lung region by scanning counter-clockwise all points on the contour one by one. 
They assigned each current contour point as “A” and then scanned clockwise all 
contour points to find the other point “B”. If points “A” and “B” satisfied three 
conditions, these two points were connected. This method can also achieve the 
effect of including a juxtapleural object inside the lung region, but some procedures 
have to be repeated again and again until all contour points are checked. An active 
contour model based on a gradient decent-based optimal method was applied in 
lung extraction (Homma, et al., 2009). The extraction results showed that the 
non-isolated nodule could be included in the lung region. However, appropriate 
initial contours must be set prior to solving the local optimum problem.  

From the above mentioned methods of compensating for segmentation error, 
our method is similar to that proposed by Qiang, et al., (2008) and the bridging 
algorithm (Goo, et al., 2003) in relying on the information from the contour. The 
K-cosine corner detection method is ordinarily used in fields such as pattern 
recognition (Bandera, Urdiales, Arrebola & Sandoval, 1999; Freeman & Davis, 
1977), image matching and boundary presentation, etc. In our study we 
demonstrate that the K-cosine corner detection method can be applied to 
biomedical image processing to compensate for segmentation error. According to 
the curvature information of the lung regions, the non-isolated nodules are included 
in the segmented lung regions and intact lung area extraction can be accomplished. 
Generally speaking, our proposed method can provide satisfactory results in lung 
extraction. Only in some cases a few tracheas and other tissues near the lungs may 
be extracted and taken as lung area. 

5. CONCLUSIONS 

In this study, we propose utilizing the K-cosine corner detection algorithm in 
the curvature calculation of the boundary of segmented lung areas. The curvature 
information is used to compensate for the errors in gray-level thresholding 
segmentation, which means that non-isolated nodules can be included in the 
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extracted lung areas. The result of lung extraction in this study is as good as the 
results obtained by other methods. The advantage of our method is that no initial 
contour or seed point needs to be set. Our results exhibit good performance in lung 
extraction and suggest that the proposed technique can be applied in CAD systems. 
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