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ABSTRACT 

Breast cancer is proving to be a destructive threat to the mankind and is main cause of deaths among 

other cancer related casualties. The presence of calcification clusters in human breasts in the form of benign or 

malignant determines the gravity of breast ailment. This proposed method focuses on a novel technique called 

SVM used to detect and classify the clusters which in turn will assist the domain experts for better diagnosis. 

Regular chest X-rays are not reliable enough to find breast tumors in their earliest stages, when many doctors believe 

the tumors are at their smallest and most curable state. A CAD system called, mammography can reveal small lesions 

in your breasts that might not be detected on an X-ray. Among many imaging modalities mammography being 

the most sought after because of its high resolution, isotropic acquisition which helps in locating the breast 

lesions. A guideline from the American Society of Clinical Oncologists suggests annual screening with low-dose 

computed tomography (LDCT) for women above forty years are at high risk for developing breast cancer. Since the 

volume of the CT scans is very large, mammography has more advantages in addition to manual interpretation 

with respect to speed and accuracy. This paper attempts some special methods that have been proposed to detect 

and classify the calcification clusters as benign or malignant. 
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1. INTRODUCTION 

Organ chlorines are viewed as a conceivable reason for hormone dependent cancers .Breast cancer normally 

develops in the breast cells. It develops in the inner linking milk ducts or the lobules which can supply milk. This 

type of cancer that starts in the lobules is known as lobular carcinoma. And the cancer that forms in the ducts are 

known as ductal carcinoma. Breast cancer be either invasive (spreading) or noninvasive (non- spreading) Mehrdad 

and Syamsiah (2013). The invasive type otherwise known as Malignant can spread outside the breast and other parts 

of the body and also penetrates to the wall of duct. This type of cancer constitutes seventy percent of all cases. 

Noninvasive type that spreads through the wall of a lobule constitutes eight percent of all breast cancer. They can be 

often removed and in most cases they do not come back. Cancer is when cells in the body begin to grow out of 

control. In cancerous cells the DNA which is present in every cell is not repaired after damage rather these cells 

grow and form new abnormal cells. Among many other cancers, Breast cancer is an aggressive and 

heterogeneous disease and is the leading cause of cancer related deaths resulting in more deaths than other 

cancers combined. As per the statistics of American Cancer Society, breast cancer is the major cause of the 

cancer related death in USA. The estimates of new cases and deaths in 2012 are 2, 26,160 and 1, 60,340 

respectively. In 2013 the estimated new cases and deaths are 2, 28,190 and 1, 59,480 Stephen (2016), 

respectively. In India approximately 63,000 breast cancer cases are reported every year. When a person has 

breast cancer, then they have abnormal cells that cluster together to form a tumor (mass). Not all tumors are 

cancerous. These non- cancerous tumors are called benign nodules. The other cancerous nodules that grow without 

order, control and obliterate the healthy lung tissues around them are called malignant nodules. Lung cancer is 

classified into two types, Invasive and Noninvasive. A Computer Aided Detection System (CAD) is one of the 

principal research streams in medical imaging and diagnostic radiology according to Chaney and Pizer (1992). 

A well-developed CAD helps in processing image for detection and extraction of abnormalities and also aids in 

classification of image features between normal and abnormal. In most of the cases CAD offers a very useful 

second opinion when radiologist examine patient at cancer CT screenings. A CAD system is instrumental in 

reducing the number of false negative diagnosis (Isabelle Thierry-Chef, 2012). The success of a CAD system is 

measured in terms of accuracy in diagnosis, speed and its degree of automation Mehrdad and Syamsiah (2013). 

Amid various non-invasive medical imaging modalities such as X-RAY, Magnetic Resonance Imaging (MRI), 

Positron Emission tomography (PET), PET-CT, Mammography is widely used for spotting and diagnosing 

clustered masses Chaney and Pizer (1992). 

2. MATERIALS AND METHODS 

A typical breast mass detection scheme is shown in Figure.1, which comprises of the following 

sequences of processing steps. Image Acquisition, Image Enhancement, Calcification Segmentation, Candidate 
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mass Detection, False Positive Reduction and mass Classification. These steps are explained in the following 

sections. 

 
Figure.1. Block diagram of Breast mass detection 

Image Acquisition: To design a CAD for calcification mass detection system, mammogram images are well 

preferred as offers visualization of low contrast or small volume masses by diminishing the slice thickness. 

Breast mammogram images can be acquired from publicly available databases namely MIAS. 

Preprocessing and Enhancement: Since the Digital Imaging and Communications in Medicine (DICOM) 

images with noise uses the reconstruction method to enhance resolution, denoising these original images is 

necessary. Preprocessing of an image refers to the procedure of enhancing the quality and interpretability of the 

input breast image by reducing the noise and unwanted artifacts. Various types of selective enhancement filters 

are used to enhance mass like structures, but Chen and Lee (1997) recommended a selective enhancement filter 

to enhance the masses .In breast mammograms, preprocessing removes the artifacts and enhancement improves 

the visibility of clustered masses. Type of filter used in preprocessing and enhancement phase is Laplacian of 

Gaussian filter (LOG).  

Log Filter: The Laplacian of Gaussian (LoG) filter whose intensity differs from that of preferred enhancing 

mass like structures background used LoG filters to enhance the input image. Recommended LoG filter for 

enhancement of the output. The expression for the filter is  

 

  
Figure.2. LoG edge 

Breast Mass Segmentation: Image segmentation is a technique of partitioning an image into multiple 

regions of the breast, refers to the process of extracting the calcification clusters from other anatomical parts of 

the breast. This process plays a vital role in mass detection by improving accuracy and precision that helps in 

early diagnosis of breast cancer by Chen and Lee (1997). An accurate segmentation will reduce the 

computational cost of detection. The proposed technique measures with respect to accuracy, processing time 

and level of automation. Mostly used segmentation techniques can be classified as methods based on 

thresholding, deformable boundaries, edge detection and shape models. Breast is a sack of soft muscle region 

which exhibit as whiter regions in mammogram images compared to other parts of the breast. This fact has 

motivated the researchers to explore an optimum threshold which separates the mass from other tissues 

Felzenswalb (2004). The majority of the research in the segmentation revolved around techniques such as 

thresholding, multiple thresholding, optimal thresholding, adaptive thresholding, region growing, graph cuts, 

active contour model, hybrid segmentation, fuzzy c means clustering, morphological operations and so on. 

Active Contour Edge Based Approach: The edge based segmentation algorithms extensively used edge 

detector filters and wavelet transforms by Caselles (1997), who used first derivative Gaussian filters to spot the 

breast masses. Laplacian of Gaussian (LoG) operator was used to find a continuous calcification contour which 

was combined together to extract the final affected region.  

  
Figure. 3 (a) Original CT image of breast (b) Segmented and enhanced result by region-based 

active contour model 

Candidate Nodule Detection: After segmenting the calcification boundary detection is a process of identifying 

the calcium mass and their location inside the calcification boundary by Chalana and Kim (1997). The success 

of this process heavily depends on the accuracy of the false positive reduction method. Numerous methods like 
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Morphological processing, template matching, adaptive thresholding, waters growing approach, wave front 

algorithm, bounding box method, grey level thresholding, rolling ball algorithm, rule based method, clustering, 

connected component analysis and a combination of these methods have led to other methods of segmentation 

algorithm been proposed for detecting the calcium deposit.  

Thresholding: A combination of thresholding and rule based method was proposed to identify the location of 

masses. According to Felzenswalb (2004) Gray level thresholding and rolling ball algorithm for segmenting 

clustered masses followed by a dot enhancement filter applied on three directions. Thresholding techniques 

followed by watershed algorithm and region growing techniques attain more accurate segmentation of masses.  

    
Figure. 4(a) Intensity level (b) Threshold result of breast mass  

Nodule C la s s i f i c a t io n :  After the breast masses are detected and false positives are reduced, the resultant 

set of masses must be classified as benign or malignant ones shown by Cai (2006). Most of the masses are 

benign but they may represent an early stage of breast cancer. Early detection of a malignant (Invasive) mass 

increases the survival rate of the diseased as discussed by Mehrdad and Syamsiah (2013). Many Computer Aided 

Diagnosis (CADx) systems have been developed that differentiate malignant lesions from benign ones, and 

also give the insight into the proximity of detected mass to be malignant. Receiver operating Curve (ROC) 

approach is used to evaluate the classifiers. Despite the fact that the benign and malignant masses have 

overlapping attributes, certain discriminating features such as morphological features, shape, size, appearance 

and growth rate of masses make the classification of mass possible as given by Caselles (1993) and have listed 

various techniques which are used for classification of clustered masses such as Rule based classifiers, Markov 

Random Field, Neural Network, Bayesian classifier and so on. The following sections reviews mostly used 

techniques for the categorization. A supervised classification method called SVM is used to extract intensity 

based and multi resolution based features such as mean, energy, entropy etc. and to reduce the false positive 

cases. 

SVM based Classification: Shape and histogram based analysis were used by Cai (2006). A SVM with 

Gaussian kernel is used to classify the masses and also used to estimate the growth and rate appropriately in 

the proposed method. Although several CAD schemes are able to deliver enhanced accuracy, detecting and 

characterizing Ground Glass Opacity (GGO) nodules would be the top priority of the researchers. The separating 

hyperplane is the hyperplane that maximizes the distance between the two parallel hyperplanes 

When training data (xi ,yi ), I = 1……..l are separated by  

 w.x + b = 0 hyperplane 

It happens that yi ( w.xi = b ) ≥ 1 where yi =∓1 

Two parallel planes are constructed on minimize 
𝑤‖2

2
 with yi (w.xi + b )≥ 1 

 
Figure.5. SVM classifier with hyper plane 

SVM classifiers are used by many researchers to enhance the true positives and to reduce FP’s. A two 

stage method to address the false positive reduction was proposed for quick removal of FPs followed by 

Multiple Massive Training Support Vector Machine (MMTSVM) which clearly separates nodule and non-

nodules. 

3. RESULTS AND DISCUSSIONS 

Table.1. Predicted class results 

 Predicted Results 

 Actual Class Positive Negative 

Benign RBF TP(True positive) =20 FN(False Negative) =8 

Malign TP(True positive) =36 FN(False Negative) =2 

Benign Linear TP(True positive) =17 FN(False Negative)=11 

Malign TP(True positive) =33 FN(False Negative)=7  

 Total classification accuracy: number of classified mass / number of total mass gives the percentage of accuracy. 
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Table.2. Classification results 

Kernal Types of SVM Classifier Total Classification Accuracy in % 

RBF 84.5 

Linear 75.3 

 

  
Figure.6. RBF  Figure.7. Linear  

  According to Table.2, total classification accuracy was found by RBF and Linear Kernal as 84.5% and 

75.3% respectively.  

 
Figure.8. Classification accuracy  

 

4. CONCLUSION 

Designing effective mammogram for detection of breast masses has been gaining its momentum as 

early detection increases the survival rate. In this paper a review of various approaches towards an automated 

detection of breast masses classifications and are summarized. It is apparent from the review that the algorithms 

with multiple detection approaches provided the better results. The RBF and polynomial linear kernels were used 

for training and testing. Classification results of the SVM classifier was displayed by a confusion matrix. Table 1 

demonstrates the confusion matrices showing the predicted class results for the breast images. It shows higher 

classification rate than the linear kernel. According to confusion matrix, 2 of 38 malign mass were classified 

incorrectly by the network as benign mass; however 8 of 28 benign mass were classified incorrectly by the network 

as malign mass. This study is focused on the classification of masses as benign or malignant. Our research 

demonstrated that 84.5 % total classification accuracy can be obtained by using the SVM with RBF kernel. With the 

clinical importance of mammogram based detection and the challenges presented, it can be expected that 

CAD/x of mammogram scans in the area of breast will remain a challenging and an active research area in the 

years to come. 
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