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Abstract 

Breast cancer has become the leading causes of mortality in women. The initial screening test for 

breast cancer is made using Mammography. Since the number of mammograms to be diagnosed 

becomes hefty, accurate and uniform evaluation becomes intricate for radiologists. So it becomes 

crucial to shift into automated detection and diagnosis methods. Masses, Calcification and 

Architectural distortion are the three major signs distinguished as causes for cancer identified using 

mammogram images. This survey analyses various diagnosis and detection methods used to locate 

these three signs of breast cancer in the early stages using Digital Mammography. It also provides a 

contributory idea for future enhancement in this field. 

Keywords: Breast cancer, Mammogram, Pre-processing, Segmentation, Feature Extraction, 

classification. 

 

1. INTRODUCTION 

     Breast cancer is prominent cause of highest mortality rate in Women. It is recognized that breast 

cancer ranks to 25
th

 position worldwide as a severe root cause of death. Approximately 4 lakh 

women are affected by this cancer out of which 50 thousand are from India. So, early detection and 

diagnosis of this cancer becomes more critical. Mammography is the initial screening step to detect 

breast cancer. Double reading of these X-Ray like images is necessary that leads to proper 

identification of breast cancer tissues. Since the number of expert Radiologists are in deficiency, the 

approach of diagnosing manually seems to be impractical. This intricacy led to the introduction of 

Digital Mammography and Computer Aided Detection methods. Surplus amount of training and 

experience determine the accuracy of judgment of a Radiologist. Even those observations may reveal 

increased false positives. 

The first major indicator of malignant cancer(suspicious symptom) is identified as Masses. 

Masses are defined as the spaces occupied by lesions that are described by their shape and margin 

characteristics. They are viewed as dense locations of breast tissue.  They are difficult to identify 

because they look similar to the normal parenchymal tissues.  Masses with more irregular shapes are 

identified to be Malignant. The second indicator Calcification is the tiny accumulation of calcium 

deposits in the breast tissue. They are seen as small bright spots in the mammogram images. To 

classify the identified cancer as Benign (Non-cancerous) or Malignant, the morphological and size 

characteristics are to be evaluated with caution. Architectural distortion is the third most common 

indicators of breast cancer. They are identified with the abnormal architecture, that is, distortion at 

the edges of the parenchymal tissues. According to this sign no definite mass structure is visible in 

the mammogram. The normal orientation pattern that converges towards the nipple is distorted in the 

presence of Architectural distortion. 
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The conceptualized structure of Computer Aided Detection (CAD) method of breast cancer is 

shown in Fig. 1. Due to lack in quality of mammogram images, it becomes necessary to perform the 

first step i.e. preprocessing [1] of images to enhance its quality and remove any noise available. The 

second step is the process of segmentation [2] that partitions the image to small parts out of which 

the Region of Interest (ROI) is extracted. Some of the problems acquired with segmentation are 

noise, bias etc. Using segmentation, the possible locations of cancerous cells may be identified and a 

large set of features may be revealed. The next step is the extraction of relevant features [3] by 

removing the irrelevant and redundant features. With these extracted features a better image mining 

methodology may be used to classify [4] a mammogram image into benign or malignant.  

 

 

 

 

 

 

 

 

 

Figure 1. CAD method of Breast Cancer Detection 

2. PRE-PROCESSING METHODS  

Any image that must be processed needs to undergo a preparation phase to enhance the quality of the 

image. This preprocessing [1] phase is accomplished to remove the irrelevant and redundant data 

present in surplus in the background of the mammogram image. Many categories of noise can be 

observed in a mammogram. They include high intensity label that is rectangular in size, low intensity 

label and tape artifacts.  

M.Vasantha et. al. in their paper framed  two filter methods to perform the De-noising 

process[5]. The Low-pass filtering methods reduce noise but blur the edges. They make the image to 

be smoothened by blocking detailed information. High pass filtering methods sharpens the image and 

also enhances the image information. The best solution of filtering the noise is to use both the low 

pass and high pass filter methods partially so as to achieve best image quality.  

The Adaptive Median Filter [6] method proposed by Jawad Nagi, processes on a region with 

rectangle shape. This filter makes the image array smooth by filling neighbourhood image 

information without blurring the edge and preserves image details. 

Juan Shan et. al. proposed a new method called Mean filter [7] which replaces the blurred 

image pixels by matching the intensities of neighbourhood pixels. It improves the image quality and 

makes the image smooth. It suits best for removing Gaussian noise. 

Another method called Histogram equalization [8] was proposed by Roselin et. al.   It is also 

a pre processing method that improves the gray scale property of mammogram image. The image is 

first included in the histogram integration process. This spreads out the intensity values of frequently 

occurring pixel information. It is specifically used to enhance the contrast information of the 

mammogram to have better views of bone structure. 

G.Prabin et. al. proposed a modified method of Histogram [9] called Histogram modified 

local contrast enhancement. In this method the input image is fed into the Histogram Generation 

process where in the enhancement parameter is selected. With this parameter the histogram is 
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modified such that uniform histogram properties are achieved. Then local contrast enhancement 

process is done by replacing the pixels with local contrast information. The quality of image is 

checked and if not improved the enhancement parameter value is adjusted such that the quality of 

image is improved both subjectively and objectively. 

A method called Contrast limited Adaptive Histogram equalization [10] was proposed by 

Antonis Daskalakis, et. al. This type of Histogram equalization method is similar to the general 

histogram operation but enhances the pixels of images at the edges that reduce noise and shadowing 

effect.  

Other pre-processing methods like rotation and flipping become necessary to determine chest 

wall location. The image is divided vertically into two halves with the centroid information. Then 

asymmetric regions are extracted and placed below the vertical centroid, that flips the image in the 

upside right direction. 

Breast region extraction is the process to remove the background information from the 

mammogram image. To do so the original mammogram image is placed into histogram equalization 

process. A mask is produced to identify the contour of breast area. It accomplishes the process of 

providing threshold value, labeling and also modifying the ends of breast border to find the largest 

region. It also extracts the breast contour. The pectoral muscle detection process is used to identify 

the areas of masses wherein its presence may distract the cancer detection process. 

This pre-processing step is done with mathematical operations to segment the abnormal 

regions. Four mathematical operations are acknowledged based on morphology that is dilation, 

erosion, opening and closing. These morphological process acts on gray scale structured 

mammogram images. It reduces high frequency noise. Also some drawbacks are recognized because 

even after this operation, a part of noise still remains. 
 

3. SEGMENTATION METHODS 

Mammogram images are subject to segmentation [2] process to extract relevant features of the image 

that is split or merged based on the region of interest. In relevance with a specific criterion, the image 

can be divided into constituent regions that are in connected form. Many image segmentation 

techniques are available of which four broad approaches are identified, namely threshold methods, 

region growing methods, clustering methods and hybrid methods. 

3.1 Threshold Methods 

This method follows the theory that all the pixels that may be of gray level or color category lies on 

the same class. The threshold method occupies single gray level pixel value as the threshold. The 

strategy followed is that the entire pixel values less than threshold is marked as background and 

others as the breast region. This method does not consider the spatial information of the image and so 

even if the threshold values are adjusted, an overlap occurs between the background and the breast 

region. Since the medical images are represented with complex intensity distribution of pixels, 

threshold method fails to properly segment the image. 

In Wavelet based adaptive window method, two approaches of segmentation can be done. 

The first one being coarse segmentation in which threshold value is selected based on histogram 

equalization of wavelet analysis of image. The second approach is the fine segmentation where 

threshold is chosen by windowing method. This method provides segmentation with superior 

imaging quality than the histogram method. 

The method of segmentation process involves the examination of each and every pixel of the 

image in region growing methods. It is categorized into different classes based on their similarity 
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criterion. Each pixel is compared with its neighbour and if they are homogeneous and no edges are 

detected, they are merged. A merging algorithm is provided in which weak pixels are removed and 

strong pixels are added to the class.  

The most popular region based method is Split and Merge technique that involves the 

splitting up of image region into diminutive parts until the homogeneity condition is satisfied and 

finally all adjacent regions are merged that have similar homogeneous function. 

In the Seeded growing method [11] proposed by Sanjay Nag et. al., the seed of a tumour region can 

be given, that grows into a considerable population resulting in a connected region. The seed can be 

robust and parameter free but dependent on order of processing of the pixel. 

Random walk method [12] follows the formulation of random motion of a particle in all 

directions. The initial position is named as seed and based on the probability function, the seed 

moves to another position. The final boundary formed by merging all the related segments can be 

called as region.  

The Watershed transform approach is mainly used by Radiologists to identify 

Microcalcifications in the breast tissue. The mammogram image is considered as a topographic 

surface that is flooded by pixels. A binary transform of image is produced that assigns 1 to watershed 

areas and 0 to the surrounding regions. Each pixel is assigned a label and maximum and minimum 

altitude pixel values are to be identified. Based on the altitude the pixels must be sorted. Each and 

every pixel is compared with next sorted pixel. If the label is similar to label of neighbour, merge it 

to the point of interest, else, assign watershed label to point of interest. This process undergoes 

recursive iterations till all the pixels are categorized.  

3.2  Clustering Methods 

As a result of K-means clustering method proposed by Ramani et. al.  [13], the image can be 

segmented into k clusters that implements that each pixel belongs to at least one of the cluster. The 

pixel is added to the cluster by calculating the distance between the pixel and its center. Cluster with 

minimum distance will be accumulated with the observed pixel. Every time a pixel is added to a 

cluster, the distance is re-computed to find the new center. This mean of weighted cluster is used to 

identify masses in the mammogram image. 

Fuzzy method [13] allows an observed pixel to be accumulated in more than one cluster 

based on its objective function. This is done to achieve a good classification of pixel information. 

From this observation, it is identified that each pixel has weighted information in different clusters. 

This may be used to find the extend to which the cancer cells are spread. 

The adaptive mean shift method [13] is similar to K-means method but differs in selecting the 

number of clusters and calculating the distance measure. It replaces the points in the input set within 

a given distance of the changing set. If the point to be observed is very small, it automatically finds a 

minimal number of clusters. The only shortcoming of this method is that it is slower than K-means. 

An algorithm to perform segmentation using morphological features acts as a tool to extract image 

boundaries. This mathematical algorithm works on two, steps pre-processing and segmentation to 

convert the mammogram image into a binary image. The threshold parameter uses two operations 

dilation and erosion that defines morphological equations. 

Another method called Level Set Model is a statistical method developed for image 

processing that represents curves or surface as hyper surfaces. This technique plays a vital role to 

solve the problem of curve breaking and combining. The major consideration is that, only objects 

with gradient information can be segmented. 
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Multiple objectives of image are considered in multi-objective segmentation. Attributes like 

intensity, color, shape and pattern are processed to obtain several similarity measures relevant to 

multiple criterions. 

3.3 Hybrid Methods 

Other methods like adaptive multi-layer topographic regional growth algorithm, grey level based 

iterative and linear segmentation algorithm, dynamic programming approach and dynamic contour 

modeling are also proposed. They are also named as hybrid methods that combine the features of one 

or more methods to improve segmentation accuracy. Improving the accuracy of segmentation of 

mass and non-mass region leads to improvement in the performance of CAD methods for detection 

of breast cancer. 

3.4 Other Segmentation methods 

Sameti et. al. proposed a segmentation method [14] that used fuzzy sets to partition the mammogram 

image and analyze all components of image characterization parameter. 

Saliner et. al. presented a fully automated segmentation method that encompasses three stage 

methods to detect speculated and non-speculated masses. The three stages include clustering, active 

contour detection and speculation detection. 

Sanjay Nag et.al. proposed a new method [15] that partitions the three main areas of 

mammogram image. The image is divided into three parts that is breast region, non-breast region and 

pectoral muscle extraction. The breast part is isolated and region of interest (ROI) is extracted to 

identify abnormalities. The proposed algorithm is named as Anatomical Segmentation algorithm that 

traverses through all edge paths that originates from first row of image. The identified pixels are 

plotted on another image. Similar scanning is done for the entire image thus providing the anatomical 

region partition of the breast area. From this segmented part masses or calcification areas can be 

easily identified. 

In the method proposed by Michael et. al.[16] segmentation is done with the following steps 

in sequence. 

 Breast boundary detection – The new algorithm segments an image using a threshold that extracts 

the four basic interfaces that is top row-wise interface, bottom row-wise interface, left column-wise 

interface, right column-wise interface. Mean square error between final curve and interface is 

calculated and final estimated result in the interface is with minimum error. 

 Pectoral muscle detection – It is incorporated in two stages. In the first stage, the boundary is 

extracted as a straight line. This line is given as input to the second stage that refines the straight line 

to a curve that depicts pectoral merging more accurately. 

 Nipple detection – A segment mask is defined for largest threshold value which contains at least 

one pixel of nipple. A logical AND operation is done between each nipple ROI and area that contains 

a nipple. If it contains only black binary pixel value, without any white pixel then this nipple ROI is 

discarded. The largest nipple ROI identified is considered as the possible nipple outcome. 

Ganesh Choudari et. al. proposed a new method of segmentation using Colorography [17] 

that is based on mammography characteristics. It is completely based on the color intensity levels of 

the image. The gradient levels of image have much importance on this method. Since this system is 

much sensitive, morphological methods are used to remove noise. This noise removed image is 

involved in the colorography process that checks color code of each pixel of the resultant image. The 

affected areas have a different color in the image related to white color where the normal tissue is 
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gray in color. These white pixels are identified and surrounded by dark black line. They may be the 

symptoms for masses in the mammogram image. 

4. FEATURE EXTRACTION METHODS  

Feature extraction [3] is the process of retrieving relevant features by removing redundant and 

irrelevant features without losing useful information form the large set of data. 

Ibrahim et. al. proposed a new method called Square Centroid Lines Gray Level Distribution 

method (SCLGM) [18] in which four centroid lines with angle 0, 45, 90, 135 are selected that is 

applied in a black background. The average, minimum, maximum, range, median, standard 

deviation, MAD(Mean Absoulte Deviation) and skewness are chosen as features. 

Ibrahim et. al. enhanced his previous method with the eight angles chosen for selecting their 

features. This method also works on image with black background. The features chosen are 

curvation, homogeneity, cluster prominence, variance and skewness. 

In Modified Artificial Bee Colony Based Feature Selection (MABCFS) method [19] the noise 

in the image is removed and region of interest identified using intuitionistic Fuzzy c-means 

clustering. 84 features are extracted that includes directional, morphological and fractal analysis 

features. This is an enhanced version of ABC (Artificial Bee Colony) method. 

In Gray Level Co-occurrence matrices method the pre-processing stage of the mammogram 

image, an inverted logarithmic transformation method is used to reduce intensity resolution and 

perform enhancement in the image. 14 features are extracted from this method. They are contrast, 

homogeneity, energy, correlation, shade, prominence, inverse different moment, entropy, intensity, 

sum of squares variance, sum average, sum entropy, difference entropy and difference variance. 

Yi-Jhe Huang et. al. proposed an automated feature selection method with four stages. In the 

first stage a combination of wavelet filter, a top hat filter and 15-lot filters are used to minimize low 

contrast pixels thus reducing tremendous computation time. In the second stage, all the images are 

included into a knowledge based classifier to reduce the number of false positives. In the third stage 

an optimized feature selection process is used and classified by SVM (Support Vector Machines).  

The class variable of the image is not taken into consideration in the ANOVA DA (Analysis 

of Variance - Discriminant Analysis) method. An enhanced feature selection method is proposed 

using stepwise ANOVA DA [20] method. It extracts 17 features of shape and margin properties of 

mass regions to decide if the cancer is benign or malignant. The Principal Component Analysis 

(PCA) method is enhanced to reduce dimension of the extracted features and also improves 

classification accuracy. 

 

5. CLASSIFICATION METHODS 

S.Agrawal et. al. described the most advantageous properties of Bayesian Belief Network(BBN) as a 

tool for classification[5] of mammogram images as benign or malignant. The performance outcome 

produced by BBN [21] shows that they out performed the Neural Network (NN) classifiers in the 

prediction process of breast masses. Two different variants of BBN that is Markov Blanket and Tree 

augmented Naive Bayes were implemented. The Markov Blanket Estimation creates a Bayesian 

network by framing the relationship between attributes that are independent. It is based on the 

concept that every attribute is present in the classifier as the class attribute. The tree augmented 

Naive Bayes is an enhanced approach of Naive Bayes which allows inter dependency between 

attributes along with relationship between target attribute. The classification accuracy increased 

considerably using these two methods. 
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Many neural network structures [22] like Multi-Layer Perceptrons (MLP), Probabilistic 

Neural Network (PNN), Self Organizing Map (SOM) and Radial Basis Function (RBF) were 

formulated to classify breast cancer. Among these classifiers, RBF and PNN produce results that are 

accurate in classifying the tumour as benign or malignant. 

Decision tree classification methods [22] can also be applied to diagnose breast cancer. For 

the pre-processed data set, a component association rule can be framed that finds the statistical 

relationship between the nodes and they may be used to detect high risk breast cancer cases. 

Support Vector Machines is another prominent classification method. They are implemented by 

constructing tree forest with the given dataset. If the ROI curve has the largest area then SVM shows 

good performance results when compared to other methods. 

Particle Swarm Optimization Algorithm [23] proposed by S.Kannan et. al. is another method 

that follows genetic algorithm method of classification. During this pre-processing stage fuzzy rules 

were framed that accumulated smaller number of rules with high accuracy. This method provides 

good results when compared to other classification methods. 

 

6. CONCLUSION 

This survey analyzes the different stages of computer aided detection and diagnosis methods for 

breast cancer using mammography. The mammogram image is processed in different stages to detect 

whether a person is suffering with benign or malignant breast cancer. The three signs of breast cancer 

are identified as Masses, Calcification and Architectural distortion. Every result proposed in existing 

work concentrates only on a single symptom in classification. In future an empirical approach can be 

proposed to identify all these three symptoms in an integrated manner. 
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