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I.     INTRODUCTION 

         Lung cancer is considered to be the main 

cause of death worldwide, and it is difficult to 

detect it in its early stage as the symptoms appear 

only in the  advanced stages. Sputum is a non-

invasive accessible body fluid in the lungs, which 

contains exfoliated bronchial epithelial cells and 

Molecular study of sputum can detect tumour cells. 

Non-Small Cell Lung Cancer (NSCLC) is the most 

common type of lung cancer, mainly consisting of 

Adeno Carcinoma (AC) and Squamous Cell 

Carcinomas (SCC) 
[1]

. Different diagnostics 

techniques such as Chest Radiograph (X-ray), 

Computed Tomography (CT), Magnetic Resonance 

Imaging (MRI) and Sputum Cytology were used to 

detect the lung cancer in its advanced stage 
[2]

. 

          Good quality sputum is obtained from the 

Lower Respiratory Tract (LRT). Bad quality 

sputum is obtained from the Upper Respiratory 

Tract (URT) which consists of only saliva and 

epithelial cells. Sputum with good quality is used 

for diagnosis of Lung cancer. Fig 1 shows a sputum 

slide image which consists of pus cells (neutrophils),  
 

 

Squamous Epithelial Cells (SEC), gram-positive 

and gram-negative bacteria. 

         The sputum image is pre-processed with 

denoising filters such as Wiener, Gaussian and 

Median filter. A comparison of performance of the 

filters is done using PSNR and RMSE. The region 

of interest is highlighted and segmented using Mean 

Shift Clustering Algorithm. The segmented image 

is classified as either normal or abnormal using 

Bayesian classifier. 

 
 

Fig.1. Sputum image under x10 magnification 
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II.     MATERIALS AND METHODS

 A CAD system is illustrated in Fig.2. The 

input image is a digitized Sputum image, which is 

obtained from the database
[16]

. In order to remove 

the noise in these images Wiener filter is used since 

its performance is better than the Gaussian and 

Median filter in terms of PSNR and RMSE. The 

region of interest is segmented with clean 

differentiation between sputum cells, body flu

debris and background. Mean Shift Clustering is 

used in the proposed method for segmentation. The 

clusters with sputum cells are considered for 

classification. Bayesian Classifier helps to identify 

the abnormalities.   

 
Fig. 2. Steps for Lung Cancer Detection

A.  Preprocessing 

 The sputum image is pre-processed with 

denoising filters like Wiener, Gaussian and Median

Performance of these filters are compared using 

PSNR and RMSE values and their results  are 

shown in Table.1 and  Table.2. Wiener filter 

best performance. Higher values of PSNR and 

lower values of RMSE indicates best noise removal

A total of thirty normal and pathological images are 

used for testing.  

1. Peak Signal to Noise Ratio (PSNR): 

   Peak signal to noise ratio (PSNR) 
[13]

 is used to measure the 

difference between the original and the filtered images of size 

MxN and is estimated using equation (1). It is expressed in 

decibel (dB). 

																									PSNR � 10	log	 g���MSE 																				
where g2max is the maximum intensity in the gray scale 

image and MSE is the Mean Squared Error and is given in 

equation (2).     

 

 

 

International Journal of Engineering and Techniques - Volume 3 Issue 5, Sep -

                                       http://www.ijetjournal.org                           

METHODS 

A CAD system is illustrated in Fig.2. The 

input image is a digitized Sputum image, which is 

In order to remove 

the noise in these images Wiener filter is used since 

its performance is better than the Gaussian and 

Median filter in terms of PSNR and RMSE. The 

region of interest is segmented with clean 

differentiation between sputum cells, body fluids, 

debris and background. Mean Shift Clustering is 

used in the proposed method for segmentation. The 

clusters with sputum cells are considered for 

classification. Bayesian Classifier helps to identify 

 

Detection 

processed with 

Wiener, Gaussian and Median. 

compared using 

and their results  are 

Wiener filter gives 

Higher values of PSNR and 

lower values of RMSE indicates best noise removal. 

A total of thirty normal and pathological images are 

is used to measure the 

difference between the original and the filtered images of size 

MxN and is estimated using equation (1). It is expressed in 

																					�1� 
g2max is the maximum intensity in the gray scale 

image and MSE is the Mean Squared Error and is given in 

    											��� � 	 ���∑ ∑ ������������
 

              TABLE. 1. PSNR VALUES OF NORMAL AND
 

  

 

 

 

2. Root Mean Squared Error (RMSE)

Root Mean Squared Error (RMSE)

the squared error averaged over MxN window and is 

calculated using the equation (3).  

RMSE �  1MN!!�x�i, j� & x'�i(
)��

*
+��

                      TABLE.2. RMSE VALUES OF NORMAL AND
 

 

 

 

To asses the visual quality, the denoised images are shown 

in Fig.3. 

 

Fig. 3.  Comparison of Filters

 

 

Filters Normal

Wiener 38.365 

Median 23.752 

Gaussian 16.432 

Filters Normal

Wiener 0.4045 

Median 1.7106 

Gaussian 12.4611 
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��, ,� & �'��, ,���              (2)                       

VALUES OF NORMAL AND ABNORMAL  IMAGE 

): 

Root Mean Squared Error (RMSE)
[14]

 is the  square root of 

the squared error averaged over MxN window and is 

'�i, j��� 																											�3�	
VALUES OF NORMAL AND ABNORMAL   IMAGE 

To asses the visual quality, the denoised images are shown 
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3. Classification Accuracy: 

   Classification accuracy is calculated as the sum of correct 

classifications divided by the total number of classifications. 

The classification accuracy Ai is evaluated as in equation (4). 

  

Ai= (t/N)*100                                        (4) 

where,  

i depends on the number of samples correctly classified, 

t is the number of samples correctly classified, and  

N is the total number of samples  

TABLE. 3. CLASSIFICATION ACCURACY 

Image type  
Total number 

of images  

Classification accuracy of 

proposed method 

Normal 12 98% 

Abnormal 

(Cancerous) 
18 

90% 

 
 

 

B. Segmentation 

    Mean shift clustering considers the feature space 

as an empirical Probability Density Function (PDF). 

Each pixel of the image is considered as a vector x 

in the feature space and this vector can be built 

from different features like spatial position, color 

components and normal vectors. Mean shift cluster 

is a set of vectors as sampled from the underlying  

PDF. The denoised image is separated into four 

regions. 

    After repeated iterations, the clusters were clearly 

visible at the 200th iterations. Fig.4 shows the result 

obtained after clustering. Fig.5 shows the 

segmentation output. 

 
 

 

Fig. 4. Clusters after 200th iteration 

 

 
 

Fig. 5. Segmentation after 200th iteration 
 

C. Classification 

     Bayesian decision theory is a basic statistical 

approach to the problem of classification. It is 

considered as an ideal case in which the probability 

structure underlying the categories is known 

perfectly. The Baye’s theorem can be given as 

shown in equation (5). ./0�123 � ./210�3./0�3.�2� 																																				 �5� 
where,  

P (cj|d) = probability of instanced being in class cj 

P (d|cj) = probability of generating instanced has 

               given class cj, 

P (cj)   = probability of occurrence of class cj,  

P (d)   = probability of instanced is occurring 

      This classifier is used in the proposed method, 

since it is robust to noise.  The classification shows 

an accuracy of normal image is 98% and is shown 

in Fig.6 (a) and for abnormal image the accuracy is 

90% and is shown in Fig.6 (b). 

 
 

(a) 
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(b) 

Fig. 6. Classification Output (a) Normal Image 

(b) Abnormal Image 

 

III.    CONCLUSION 

        The Wiener filter is used to remove the noise 

from the input image for the effective denoising. 

Based on the robust and accurate spatial 

information provided by the mean shift 

convergence frequency and locations (creating map 

images), the over-segmentation occurring in the 

non-parametric segmentation method can be 

reduced. This enhanced joint spatial-range mean 

shift segmentation method is less sensitive to 

bandwidth selection according to the property of the 

mean shift convergence which also holds in the 

temporal sense. 

 The lung cancer detection can be made 

effective using the mean shift clustering algorithm 

and Bayesian decision theory. The mean shift 

clustering algorithm is used to classify the clusters 

based on the sputum cells, background, debris cells 

and body fluid to obtain accurate segmentation of 

sputum cells with higher accuracy. The Bayesian 

classifier categorizes the images as normal or 

abnormal. In the proposed system the accuracy of 

the proposed system is 90%. 
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