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Abstract 

Although mammography is the main diagnostic method for breast cancer, but the 

interpretation of mammograms is a difficult task and depends on the experience and skill of 

the radiologists. Computer Aided Detection (CADe) systems have been proposed to help 

radiologist in interpretation of mammograms. In this paper a novel filter called Sector filter is 

proposed to detect masses. This filter works based on the analysis of convergence of gradient 

vectors toward the center of filter. Using this filter, rounded convex regions, which are more 

likely to be pertained to a mass, could be detected in a grayscale image. After applying this 

filter on the images with two scales and their linear combination suspicious points were 

selected by a specific process. After implementation of the proposed method, promising 

results were achieved. The performance of the proposed method in this research was 

competitive or in some cases even better than that of other suggested methods in the 

literature. 

 

Introduction 

Breast cancer is the most common cancer among women. Early detection can increase the 

chance of the diseases to be cured. Although mammography is the main diagnostic method for 

breast cancer, but the interpretation of mammograms is a difficult task and depends on the 

experience and skill of the radiologists. Therefore many cancerous cases may be diagnosed as 

normal especially in the screenings. Computer Aided Detection (CADe) systems have been 

proposed to address this problem. 

Kobatake et al [1] proposed a method in which masses as rounded convex regions in the 

mammograms was detected using gradient convergence analysis. They proposed a filter 

called Iris filter which had an adaptive structure for detecting the degree of gradient 

convergence toward a point of interest. 
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Ring filter was proposed based on the Iris filter by Wei et al [2, 3] and was an effort for 

reducing problems of the Iris filter. In this paper a novel filter called Sector filter is proposed 

to detect masses. This filter is designed based on the Iris filter and the Ring filter.  

 

Materials and Methods 

The proposed method in this research is based on multi-scale analysis of convergence of 

gradient vector. The block diagram of the proposed method is shown in Figure 1. First the 

mammogram image is decomposed by a Gaussian pyramid in two scales (1/2 and 1/4). After 

that, for each of the images the horizontal and vertical components of the gradient vectors at 

each point are calculated and then all of the vectors are normalized to unit vector. Then the 

Sector filter is applied to the images by sliding its center only on the points that have been 

selected in the background removal stage. After increasing the size of the smaller filtered 

image to the size of the bigger one, these two images are linearly combined and process of 

suspicious point selection is applied on it. Then centers of the selected regions are sent to the 

output as suspicious points. 

 

 

Figure 1. Block diagram of the proposed method 
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As the convergence analysis method works only on directions of gradient vectors (not their 

magnitudes), our method is sensitive to high frequency noise that exists in mammograms. To 

address this problem Gaussian pyramid decomposition method [4] is used. Each level of the 

pyramid is produced by applying the Gaussian kernel on its previous (lower) level and down-

sampling the resultant image by a factor of two.  The base of the pyramid which is its level 

zero is the original image. The images in levels one and two, that are half and quarter scales 

respectively, are used for next steps. 

It was shown by Kobatake et al [1] that gradient convergence analysis method is capable of 

detecting rounded convex regions. Since masses have such structures in mammograms, 

convergence of gradient vectors in a region toward a central point can be a good sign of 

existence of a mass in that region. The cosine of the angle between the vector that connects 

the point of interest to the center of filter and the gradient vector in that point has been used as 

the criterion of the convergence in the literature. 

The way of calculating output of the filter based on the criterion values at each point inside 

the filter is different between Iris filter method [1], Ring filter method [2, 3] and our proposed 

one means Sector filter method. 

As it can be seen in Figure 2, Sector filter kernel is composed of sectors that are shown by 

black or white colors. A bunch of sectors that have same angles is highlighted in the figure. 

First the gradient convergence criterion values are averaged at points inside each of the 

sectors. Then the maximum of these averaged values are found through sectors that have 

similar angles. Finally the average of the maximum values (one value for each angle) is 

calculated and is sent to output of the filter. 

 

 

Figure 2. Sector filter kernel is composed of sectors that are shown by black or white colors. 

A bunch of sectors that have same angles is also highlighted. 
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The filter is applied on the two images with different scales due to adding the capability of 

detecting masses with different sizes to our proposed method. The filter is not applied on all 

of the pixels but rather it is applied on the selected ones. This is due to reduction in burden of 

computation. Those points are selected in the background removal stage. In this stage, first the 

background of the mammogram image, which is the projection of the fat tissue and has 

smooth gray structure in the image, is removed by using the top-hat morphological operator. 

Then 5 percent of points with highest gray-level are selected. This number was selected 

experimentally.  

The reasoning behind selection of pixels with highest gray-levels is that masses in 

mammograms usually have highest gray-levels. Although only the selected pixels in this stage 

are used for sliding the center of the filter on them, but when the filter is applied on one of 

these points all of the pixels within the filter kernel will be used in output calculation of the 

filter at that point. 

After linear combination of two filtered images (previously the size of the smaller one was 

increased by interpolation) an image with highest gray-level at regions that have masses is 

obtained. 

The final step in our suggested method is process of suspicious point selection. The flowchart 

of this process has been shown in Figure 3. There is a loop in this process that if none of the 

conditions was satisfied the threshold level is decreased one step and the loop is repeated. 

 

 

Figure 3. The flowchart of process of suspicious point selection 
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As it can be seen in Figure 3, if each of two conditions is satisfied, means if either three regions 

have been detected (this number is called as Minimum Number of Selected Regions or MNSR) 

or the threshold level has reached to the first minimum while at least one region has been 

detected, the loop will be broken and the center of detected regions will be sent to the output. 

 If none of these conditions is satisfied and the threshold level reaches to the second 

minimum, the loop will be broken and the image will be reported as normal in the output. In 

this process, values such as number of regions to be selected and first and second minimum of 

threshold levels were obtained experimentally. 

In this research 155 mammographic images of the publicly available database, namely mini-

MIAS database [5], were used for testing the proposed method. The dimensions of all of the 

images in this database are 1024 by 1024 pixels and their resolution is 200 micrometer per 

pixel. There is a text file in the database that includes information about each patient like 

breast density, type of lesion(s) and approximate coordinates and radius of the lesion. 

Among 155 used images, 103 of them were normal and 52 were abnormal. There were 57 

masses in these 52 images which 20 of them were malignant and 37 were benign. The 

proposed method was implemented by MATLAB and its image processing toolbox. 

 

Results 

To evaluate our suggested method a criterion is needed to determine the output as being true 

or false positive. If the output of our method, which is a point that is an approximate center of 

the suspicious region, was inside the boundaries of a mass it was considered as true positive 

and if it was not inside any of masses it was considered as false positive. 

Since the annotations of the masses in the database were circles including the masses and 

were not exact boundaries of them, by an expert physician their boundaries were drawn and 

these boundaries were used in the evaluation stage. 

By setting the Maximum Number of Selected Regions (MNSR) to 3, 89.5% of the masses 

were detected and 1.98 average false positives per image were produced. The results for 

MNSR equal to 1, 2, 3 and 4 have been shown in the Table 1. Furthermore promising results 

were achieved for detection of malignant masses as all of them were detected (100% 

sensitivity) for MNSR equal to 3. 
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Table 1. Final results of evaluation of the proposed method for various MNSRs 

 MNSR = 1 MNSR = 2 MNSR = 3 MNSR = 4 

Sensitivity 70.18% 82.46% 89.47% 91.23% 

Average FPs/I 0.7 1.39 1.98 2.5 

 

Discussion 

As it was said the difference between the Iris filter [1], Ring filter [2, 3] and the proposed 

filter (Sector filter) is the way to calculate output of the filter based on the criterion values at 

each point inside the filter.  

In the Iris filter, the convergence criterion is averaged over radiating half-line from the center 

of filter to the point of interest, the maximum value over each half-line is saved for that half-

line. Finally average of the saved values of half-lines is sent to the output of filter. Despite of 

adaptive structure of the Iris filter to the grayscale distribution of the region of support, it has 

some disadvantages that limit its performance. Although by averaging over radiating half-

lines, the noise is suppressed through radial direction, but it still remains unchanged through 

angular direction. Furthermore there are many points that are between half-lines and are not 

used for calculation of output of the filter. 

The name of Ring filter is after its ring like structure. In this filter the convergence criterion is 

averaged over rings. Although the design of this filter is an effort to solve the Iris filter's 

sensitivity to noise, but this filter has its problems. The most important problem of this filter is 

that it is sensitive only to masses with circular shapes. 

The sector filter is designed to solve the problems of the Iris and Ring filter. This filter 

includes both the adaptive structure of the Iris filter and the noise suppression of the Ring 

filter and avoids their problems. It is because of the fact that this filter averages through both 

radial and angular directions and there are multiple sectors in each angle and each radius that 

can give the adaptive structure to the filter. 

 

Conclusion 

The performance of the proposed method in this research was competitive or in some cases 

even better than that of other suggested methods in the literature. For future work testing the 

proposed method on more images from multiple databases and including a false positive 

reduction stage can be considered. 
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