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Abstract— The well-known method used for the detection of 

breast cancer is mammography. The mammogram images 

are of poor contrast and noisy. To enhance the quality of the 

mammograms the Robust polynomial filter is used in this 

paper. It is the combination of Type-0 and Type-II 

polynomial filter. The segmentation technique is then applied 

for the separation of tumor region. The segmentation is 

performed using Marker controlled watershed segmentation. 

The pectoral muscles are removed from the image, the tumor 

region is segmented. It helps to detect the breast cancer 

effectively. 
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I. INTRODUCTION 

The main cause of death among women is due to breast 

cancer. It is the second largest cancer in the world. It occurs 

due to either microcalcifications or masses. The 

microcalcifications are tiny specks of calcium in the breast. 

They are referred to as a cluster and may indicate a small 

cancer. A mass is the group of cells clustered together more 

densely than the surrounding tissue. The early detection of 

the cancerous region helps in early diagnosis of a diseased 

person which will reduce mortality rates. For breast cancer 

detection various techniques are used in which the 

mammography is the mostly used technique by radiologist. 

In mammography low dose X-ray is used. Due to this it is 

difficult to interpret between normal and cancerous tissues. 

The quality of the mammogram is improved using the image 

enhancement technique. In some mammograms the 

malignant tissues and pectoral muscles both are present. The 

pectoral muscles are to be removed from the mammograms 

for the effective detection of breast cancer. Since, the 

pectoral muscles have same intensity and texture as that of 

the malignant tissues, it is necessary to segment the pectoral 

muscle before tumor detection. In this paper, for the 

enhancement of mammograms Robust polynomial 

filtering[4] technique is used. To segment the tumor region 

the Marker controlled watershed transform is applied[2]. 

II. METHODOLOGY 

The input mammogram images are taken from MIAS and 

DDSM databases. The images are   normalized before 

further processing. The Robust polynomial filter is applied 

for the enhancement of mammograms. It is the combination 

of Type-0 and Type-II polynomial filter. The Marker 

controlled watershed segmentation is applied to the 

enhanced results. The thresholding is then applied to remove 

the pectoral muscles. The block diagram of the method is 

shown in the Fig 1.  

 
Fig. 1: Block diagram. 

A. Robust Polynomial Filter 

The Robust Polynomial Filtering[4] (RPF) is a linear 

combination of Type-0 and Type-II polynomial filters. The 

Type-0 filter provides contrast enhancement and noise 

filtering and the Type-II filter provides edge sharpening. 

The characteristic equation of the Robust Polynomial Filter 

can be stated as: 

y(n) = 𝑦0(𝑛) + 𝑦𝐼𝐼(𝑛)                (1) 

Where:𝑦0(𝑛) represents the Type-0 polynomial 

filter and 𝑦𝐼𝐼(𝑛) represents the Type-II polynomial filter 

respectively. The y(n) can be expanded as: 

y(n) = 𝑦𝑙𝑖𝑛𝑒𝑎𝑟 + 𝑦𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐
0 + 𝑦𝑞𝑢𝑎𝑑𝑟𝑎𝑡𝑖𝑐

𝐼𝐼    (2) 
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The terms a,b,c are the powers on the pixels raised 

inside a 3×3 kernel: a for center pixel b for pixels at odd 

locations and c for pixels at even locations. 

B. Marker Controlled Watershed Segmentation 

A marker is a connected component belonging to an image. 

It possess the same intensity values and they are treated as 

regional minima. Markers can be classified as foreground or 

background markers depending on its location of region of 

interest. This gives a priori knowledge about segmentation. 

Initially, the gradient magnitude of the input image is 

computed.Next the morphological operations are applied to 

mark the foreground. Following the opening with a closing 

can remove the dark spots. The dark pixel in the image 

belongs to the background. The gradient magnitude image is 

modified so that it has only regional minima occur at 

foreground and background. The watershed is then applied 

to get the segmented result. The application of the watershed 

transform results in over segmentation of the image due to 

the presence of artifacts and noise. To avoid this, the 

watersheds are applied to images with markers. For the 
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visualization purpose the watershed output with markers is 

converted to coloured images. 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

The Fig 2.(a) and 2.(b) shows the mammogram images 

taken from the two standard databases MIAS and 

DDSM.The normalizaton is performed before applying the 

enhancement technique The optimal values of linear and 

quadratic       filter coefficients determined for the Robust 

Polynomial Filter[4]  are: 𝜃0 = 0.2, 𝜃1 = 𝜃2 = 0.1, ∅0 = 8€,∅1 

= ∅2= ∅6 = −€, ∅3 = −0.5€,∅4 = ∅5 = ∅10=€, ∅7= −2€, ∅8 = 

−4€, ∅9 = 4,€ =0.15. The values of the weight indices are 

taken as: a=8μ, b=c=μ; the value of μ varies between 0.5 to 

0.7 irrespective of the nature of the breast tissues. 

The Fig. 3(a) and 3(b) shows the enhanced result 

obtained using RPF technique. By using Robust Polynomial 

Filtering technique background tissues are suppressed and 

the noises are reduced. It is shown that the tumor region and 

pectoral muscles are present at the enhanced output. 

 
Fig. 2(a): mdb184 

 
Fig. 2(b): C_0080 

Fig. 2: Original mammograms 

 
Fig. 3(a): mdb184 

 
Fig. 3(b): C_0080 

Fig. 3: Enhanced results using RPF 

The marker controlled watershed segmentation is 

applied to the enhanced mammograms to segment the tumor 

region. The Fig. 4 shows the results obtained using Marker 

controlled watershed segmentation. The pectoral muscles, 

tumor region and the background tissues are represented 

with different colors.  

The thresholding is then applied to the marker 

controlled segmented output to remove the pectoral muscles.  

The Fig 5.(a) and 5.(b) shows the tumor region segmented 

from the mammograms. The results shows only the tumor 

region and the other regions are eliminated.  

 
Fig. 4(a): mdb184 

 
Fig. 4(b): C_0080 

Fig. 4: Results obtained using the marker controlled 

watershed segmentation. 

 
Fig. 5(a): mdb184 
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Fig. 5(b): C_0080 

Fig. 5: Results obtained for segmentation of tumor from 

mammogram images. 

 
Fig. 6(a): mdb241 

 
Fig. 6(b): mdb315 

Fig. 6: Results obtained for segmentation of tumor from 

mammogram images. 

IV. CONCLUSION 

The enhancement using Robust polynomial filter removes 

the background noise and ill effects effectively. From the 

segmented results it is proved that the presented work 

effectively removes the pectoral muscles and segment out 

only the tumor region. This helps to do feature extraction 

and better classification of tumor region for the successful 

detection of breast cancer.  
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