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Abstract : Cancer is the root cause for a large number of deaths worldwide, out of which lung cancer is the cause of the highest mortality 

rates. Computer tomography scan is employed by radiologists to detect cancer in the body and track its growth. Visual interpretation 

of database can lead to cancer detection at  later stages, thus leading to late treatment of cancer which only  boosts up the cancer death 

rates. Therefore, image processing tools can be used for early detection of cancer. In this paper, a lung cancer detection algorithm is 

proposed using mathematical  morphological operations for segmentation of the lung region of  interest, from which Haralick features 

are extracted and used for classification of cancer by artificial neural networks. 
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I.INTRODUCTION 

Lung cancer disease is the second largest death threat to the world after heart attack, as this cancer is responsible for the largest number 

of deaths, compared to the number of deaths caused by any other cancer type. [1]. Lung cancer is the uncontrolled growth of the 

cells, thus leading to the formation of lung nodules. It is reported that lung cancer is responsible for around 19% deaths globally 

mostly due to alcohol and tobacco consumption. The rate of survival is assured by only 15% survival chances, for a survival period 

of 5 years. [2]. The main cause of such high death rate is the detection in later stages, thus leading to delayed treatment. If lung cancer 

is detected at an earlier stage, chances of survival can increase up to 50-70%. Non-small cell lung cancer and small cell lung cancer are 

the two major groups into which the lung cancer can be classified based on the cell characteristics. [7] Non- small cell lung 

cancer is the most common type of lung cancer contributing to about 85-90% of total lung cancer cases, while the other 10-15% of the 

cases is diagnosed with small cell lung cancer. [3] The extent of the spread of cancer is the basis for the division of lung cancer into 

stages. It comprises of four stages namely stage I-The cancer is confined to the lung, stages II and III-the cancer is confined to the 

chest (with larger and more invasive tumors classified as stage III) and Stage IV-Cancer has spread from the chest to other parts of 

the body. There are many techniques to diagnose the lung cancer such as X-rays, Computed Tomography (CT), Magnetic Resonance 

Imaging (MRI scan), and Sputum Cytology. The problem with these techniques is that it can be time consuming and makes detection 

possible only at later stages. [2] 

 

II.METHODOLOGY AND IMPLEMENTATION 

The methodology adopted in this project was carried out in five steps which are shown with the help of a flow chart in Fig.1.  

Figure 1: methodology block diagram 
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1) Data collection 

Images were collected from the V.M.Salgaocar hospital, SMRC and the Manipal hospital both situated in Goa. The CT images of lungs 

acquired from the hospital database are shown in Fig.2. We will analyze how this algorithm helps us to distinguish between cancerous 

and non-cancerous images. 

 

 

Figure 2(a): non- cancerous image    Figure 2(b): cancerous image 

  

2) Pre-processing 

Preprocessing involved the steps shown in Fig.3. 

 

Figure 3: preprocessing flow diagram 

 

Cropping of the image in first step is done to eliminate the unwanted portions from the image. Next, median filters are applied to the 

images, which are basically used to get rid of the salt and pepper noise present in the images. A median filter of size 3*3 was used and 

its contribution towards enhancement of the images is shown in Fig.4. 

 

 
Figure 4. median filtered images 
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3) Segmentation 

Segmentation steps are depicted in flow diagram, shown in Fig.5. and each step is discussed in detail. 

 

 

Figure 5. segmentation block diagram 

Converting the images to binary reduces computational complexity and storage issues and also is a pre-requisite for morphological 

segmentation of lungs. The opening operation  using the periodic line structuring element tends to remove some of the foreground pixels 

from the edges of the region of foreground pixels. 

The morphological open operation is expressed as follows 

𝐴 o 𝐵 = (𝐴𝜃𝐵)   ْ  𝐵 (1) 

 

Opening is first eroding the image with the structuring element and then dilating the eroded image with the same structuring element 

as indicated by Eq.1. 

The closing operation is given as follows 
 

𝐴 • 𝐵 = (𝐴   ْ  𝐵)𝐵 (2) 

 

We perform closing operation where in, the image is first dilated with the structuring element followed by erosion of the dilated image 

as given in Eq.2. on the above opened image with a disk structural element of size 15, to obtain the lung masks. 

 

 
Figure 6. Lung Masks 

While superimposing the lung mask on the median filtered image, all the areas outside the filtered lung image are multiplied with black 

areas in the lung mask giving rise to zero intensity value pixels outside the lungs and retaining only the lungs with all its internal 

features as shown in Fig.7. 
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Figure 7. segmented image 

 

4) Feature extraction 

The flow diagram for feature extraction is shown in Fig.8. 

 

 
Figure 8. feature extraction flow diagram 

 

Feature extraction helps in extracting out significant items of data which serve as an input to the classifier. The first step is to resize the 

image into three different resolutions followed by applying Haar wavelet transforms to these images. The Haar wavelet is the most 

conventional and basic orthonomal wavelet. The Haar wavelet is memory efficient and exactly reversible without the edge effect 

characteristics like the other wavelets. This wavelet reflects only changes between adjacent pixel pairs and thus calculates pairwise 

average and differences. Next, the GLCMs are calculated in different directions four (0o, 45o, 90o, 1350) and then seven features are 

extracted from each them. The GLCM function distinguishes the texture of an image by calculating how often pixel pairs with given 

pixel value and spatial relationship occur. Once the GLCM is calculated, the next step is to extract the second order statistical features 

or the Haralick features. 

 

The seven Haralick features extracted are as follows, where Ng is the number of gray levels, P is the normalized symmetric GLCM 

and p(i, j) is the (i, j)th element of the normalized GLCM. 

Energy = ∑i ∑j p(i, j)2  (3) 

Energy calculates the local uniformity of the gray levels in an image. Higher the similarity in pixels, higher is the energy value. 

 

correlation = ∑i ∑j 
(i−μx)(j−μy)

σx σy
 (4) 

Where 𝜇𝑥, 𝜇𝑦, 𝜎 , 𝜎𝑦 are the means and standard deviations of the GLCM. Correlation is a measure of linear dependency of gray 

intensity values in the co-occurrence matrix. 

1) 𝑉𝑎𝑟i𝑎𝑛𝑐e = ∑i ∑j(i − 𝑢)2𝑝(i, j)   (5) 

Variance feature measures the spread of intensity values of GLCM pixels about the mean. It is similar to entropy. 

2) IDM  = ∑i∑j  
1

1+(𝑖−𝑗)2
(𝑖, 𝑗)    (6) 

Inverse difference moment (IDM) gives an account of the local homogeneity in the image. When the local gray level in an image is 

uniform, IDM is high. 

IMC1 = ∑
𝐻𝑋𝑌−𝐻𝑋𝑌1

max[𝐻𝑋,𝐻𝑌]
  (7) 

IMC1 is the information coefficient of correlation I, where 
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𝐻𝑋𝑌 = − ∑i ∑j (i, j) log(𝑝(i, j))   (8) 

 

𝐻𝑋𝑌1 =   − ∑i ∑j (i, j) log{𝑝𝑥(i)𝑝𝑦(j)}  (9) 

 

𝐻𝑋𝑌1 =   − ∑i ∑j 𝑝(i)𝑝𝑦(j) log{𝑝𝑥(i)𝑝𝑦(j)}  (10) 

 

𝐶o𝑛𝑡𝑟𝑎𝑠𝑡 = ∑i ∑j(i − j)2𝑃(i, j)   (11) 

 

Contrast indicates the intensity variations between the pixel under consideration and its neighboring pixel. Larger contrast means larger 

variation. The total number of features from each image was 252 (7 features * 4 directions * 3 haar approximations (horizontal, vertical 

and diagonal)* 3 different resolutions of image = 252 features). 

 

The feature plot is shown in Fig.9. The seven extracted features which are numbered 1 to 7 are energy, correlation, variance, 

homogeneity, difference entropy, information measure of correlation I and contrast respectively. 

 

 
Figure 9. features plot 

5) Classification 

Artificial neural networks are reckoning systems made up of numerous simple and highly interconnected processing elements, which 

process information by their dynamic state response to external inputs. In this paper, feed forward neural network with back propagation 

algorithm was used. The back propagation looks for the least of the error function in the weight space using the method of gradient 

descent. The weights are altered such that, the error function has the minimum value. The algorithm has 252 input nodes, 20 hidden 

nodes and a couple of output nodes. The block diagram of the feed forward network is shown in Fig.10. 

 

Figure 10. feed forward ANN schematic diagram 

 

 

III.RESULTS 

A total number of 216 images were used, out of which 128 images were used for training and 88 images were used for testing. The 

confusion matrix for the ANN classification is given in Fig.11. As can be seen in Fig.11 seven images are misclassified. 
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Figure 11. confusion matrix for training and testing 

 

The training accuracy was 96% and testing accuracy was 92%. The sensitivity was 88.7% and specificity was calculated to be 97.1%. 

 

Reasons for misclassifications 

As can be seen from Fig.12 the lungs in the non-cancerous image are separated by the white region, which is the aortic region. 

The problem faced by the image shown in Fig.13.is improper segmentation of the lungs due to the presence of this white region in 

between them which is depicted in Fig.12 

 

 
          Figure 12. Non-cancerous image    Figure 13. Segmentation issue 

 

The segmentation issue is that, the white region is also segmented as the region of interest leading image misclassification as cancerous. 

The second reason for misclassification of images is that the cancer nodules lie on the border of the lungs as shown in Fig.14. 

 

 
Figure 14. cancerous image    Figure 15. Segmentation issue 

 

The morphological closing operation with a disk structuring element of size 15 results in the loss of cancer nodules. 

 

IV.OUTPUT : 
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The loss of the cancer nodules as shown in Fig.15 leads to the misclassification of the cancerous image as a non-cancerous one. The size 

of structuring element creates an issue as the lungs vary in size and a fixed size structuring element cannot be used to segment all the 

images. 

 

V.CONCLUSION 

The methodology adopted in this project aims to develop an automated system for lung cancer detection. Application of median Filter 

to eliminate impulse noise in the images proved to be a success. The morphological operations also contributed towards satisfactory 

results in the process of segmentation. Artificial neural networks proved to be a good classifier with acceptable accuracy. The 

methodology adopted in this project resulted in an accuracy of 92% for the hospital database. This system aims at increasing the 

accuracy and speed of the lung cancer detection system. It also helps in detecting the cancer at earlier stages. 
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VI.FUTURE SCOPE 

The accuracy of the cancer detection system can be improved by using a different segmentation technique like p-tile thresholding and 

watershed segmentation followed by binary morphology. Using different feature set like curvelet transformation features together with 

morphological features other than Haralick features, may have a positive impact on the accuracy of the system. 
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