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Abstract 

 

This paper presents a methodology for the segmentation of the breast in digital 

mammography images through methods in the spatial domain. For this purpose we 

used mathematical morphology, Otsu method, median filter and method of Ridler - 

Calvar 

 

Keywords: Digital Image Processing, Methods in the spatial domain, Image 

segmentation, breast cancer 

 

 

1 Introduction 
 

   The extraction of the different entities that make up an image is a fundamental 

task in image processing. This process, called segmentation, is often obligatory on 

all systems that manage artificial vision, and depending on, the problem to solve, 

have developed different methodologies to attack each of these problems. In general 

terms, the image segmentation is the process of isolation of the objects that make 

up an image, that is to say, it is the partition of the image into disjoint regions, such 

that each region is homogeneous with respect to certain properties, such as gray 

levels, contrast, texture, etc [1, 2], usually this type of properties to describe objects 

that belong to the same type of tissue or organ [3]. 

 

The medical images segmentation is used in different applications such as 

anatomical structures, studies [4], diagnostics [5], and pathologies location [6]. 

Often, medical images are corrupted by noise for several reasons. The first of these 

reasons is that to get the images, they tend to use different acquisition techniques, 

the second reason is that during the acquisition, the image is obtained under the 

agreement of various phenomena physical, biological and restrictions imposed by 

the image acquisition [7, 8, 9]. 

 

This paper presents the proposal of a methodology for the segmentation of the 

breast in mammograms images. For the development of the work there was used 

the images bank provided by the image mammography analysis society 

(Mammography Image Analysis Society MIAS), United Kingdom research 

organization interested in understanding of mammograms and that they have been 

available to the public in general a images bank composed by a whole of 322 images 

mammography that realized different women. Mammograms are composed of the 

breast, the pectoral muscle and a label that corresponds to doctor’s record [10]. 
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2 Basic Concepts 

2.1 Digital Image 

A digital Image is a two-dimensional function f (x; y) of the light intensity in a point 

in the space, being (x; y) the coordinates of the point considering the origin at the 

top image left [11]. Since a digital image is a function f (x; y) translated both in the 

spatial coordinates as in brightness, often represented as a two-dimensional array 

Fij = (fij) H x W, where H and W they represent the image size (referring H and W 

to high place and breadth of the image respectively) with fij = f (xi; xj) as shown in 

figure 1.  

 

 

Figure 1: Digital Image 

 

2.2 Mathematical morphology  

The mathematical morphology is a framework based exclusively on set’s theory. 

The original theory developed by Georges Matheron [12] and Jean Serra [13, 14] 

has been used by enormous success in the digital prosecution of binary images. Two 

fundamental operations exist in the mathematical morphology: the dilation and the 

erosion [15, 16]. The dilation is a term referred to increasing, to expanding, to 

growing, between other actions, any object. On the other hand, the erosion refers to 

the contraction; decrease, between other actions, of any object. Then presents the 

precise definitions of the operators of the fundamental mathematical morphology. 

 

2.2.1 Dilation 

 
Consider everything that follows 2-dimensional discrete sets, that is, subsets of ℤ2. 

 

Definition 2.2.1. Be 𝐴, 𝐵 ⊆ ℤ2, the dilation of A by B, denoted by A⊕B, is the 

sum of Minkowskiof A and B; this is: 

 

A ⊕ B = {a + b|a ∈ A and b ∈ B} 
 

The set B of the previous definition will be called structuring element 
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Fig.2. Representation of the set A, the structuring element B = {(0,0), (1,0), (2,0)} 

and the dilation A⊕B 

 

2.2.1 Dilation 

Then the formal concept shows what erosion is. 

Definition 2.2.2. Be 𝐴, 𝐵 ⊆ ℤ2, the dilation of A by B, denoted by A ⊖ B, the 

subtraction of Minkowski of A by B; this is: 

 

A ⊖ B = {x ∈ ℤ2|x + b ∈ A for each b ∈ B} 

 

Fig.3. Representation the set A, the structuring element B =
{(−1, 0), (0,0), (1,0)} and the erosion A ⊖ B 

 

 

2.3 Otsu Method 

The Otsu method calculates the best threshold for the binarization of an image [17]. 

The threshold is considered with the value that allows the partition image into two 

classes: the object C0  and C1  and the fund. C0 =  {0,1,2, . . . , u} And C1 =
 {u, u + 1, u + 2, … , L − 1} where u and L are values of grey levels. 

 

Given an image with L levels of grayscale, assuming that the threshold is T, the 

cumulative probabilities up to T and since T until L are: 
 

w1(t) =  ∑ P(z)T
z=1 , w2(t) =  ∑ P(z)T

z=T+1  
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The weighted averages and variances are given by: 

 
μ1(t) =  ∑ zP(z)T

z=1 , μ2(t) =  ∑ zP(z)T
z=T+1  

σ1
2(t) = ∑ (z − μ1(t))2 P(z)

w1(t)
T
z=1  ,  σ2

2(t) = ∑ (z − μ2(t))2 P(z)

w2(t)

T
z=T+ 1   

the variance is given by:  

 

σ1
2(t) =  w1(t)σ1

2 + w2(t)σ2
2 

The threshold T that is chosen is the corresponding to the intensity level that 

provides the minimum variance weighted defined in the previous equation 

 

2.3 Classic labeling Algorithm 
 

For the development of the methodology used the classic labeling Algorithm [17], 

algorithm shown below: 

 
Input: Binary image I(X) 

Output: Tagged Image I(X) 

 

Variables:  

I: Image input and output. 

NLINES: lines number. 

NPIXELS: pixels number on each line. 

LABEL: Label number present. 

EQTABLE: Table contains the collisions found in the image. 

 

Implicit functions or procedures: 

NEWLABEL(): generates a new label 

NEIGHBORS(): returns the set of neighbors already labeled  the pixel 

(x, y). 

LABELS(): returns the labels of a set of pixels. 

MIN(): Returns the minimum value of a set of labels. 

SOLVE(): implements the algorithm of depth-first search to find  

the connected components of a graph that is defined by the variable 

EQTABLE, returns the equivalent labels. 

 

CLASSIC PROCEDURE; 

"Table initialize global equivalence" 

EQTABLE = Create () 

 

"Step 1 up-down" 

for L = 1 to NLINES 

 

"initialize all labels zero line L" 

for P=l to NPIXELS 

LABEL(L,P) = 0 

end for 



98                                            H. Flores-Gutiérrez et al. 

 

 
"Process line" 

for P=1 to NPIXELS 

    if  I(L,P) = 1 then 

     A = NEIGHBORS((L,P)) 

    if A = void 

     then M = newlabel() 

    else M = MIN(labels(A)) 

        label(L,P) - M 

        for X en labels (A) y X ± M 

           ADD (X, M, EQTABLE) 

        endfor 

    endif 

   endfor 

endfor 

 

"Find the equivalence classes " 

EQCLASSES = SOLVE(EQTABLE) 

 

for E en EQCLASSES 

    EQLABEL (E) = MIN (LABELS(E)) 

endfor 

 

"Step 2 Top-down" 

for L = 1 to NLINES 

    for P=1 to NPIXELS 

        if I(L,P) = 1 then 

            LABEL(L,P) = EQLABELS(CLASS(LABEL(L,P))) 

        end if 

    endfor 

endfor 

END CLASSIC 

 

2.4 Filter median 

 
The median filter replaces each image pixel by the pixels median in the mask that 

contains to nearby neighbors. For example if we consider figure 4, in order of 

increasing values of the pixels covered by the mask are 115, 119, 120, 123, 124, 

125, 126, 127 and 150 where the median value is 124. 

 

 
 

Fig 4. Filter median 

 

2.5 Ridler-Clavar Method 

 
It is an iterative technique for the election of a threshold [17]. The threshold is 

obtained with the following steps: 
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1. Iteration k = 0, calculate the average value of the image T(k) = m, this average 

value determines two classes w1 and w2 formed by pixels whose intensity is greater 

and lesser respectively. 

 

2. Iteration k = 1, for the two new classes determine the values for each class m1 

and m2 obtained T(k) = (m1 + m2)/2. 

 

3. The new threshold determines the existence of two other new classes as in step 

2, for each iteration, including 0 and 1, while |T(k+1) – T(k)| >= ε repeat step 2. 

 

3 Proposed method. 
 

Step 1: Given an image of an extracted mammography bank of mini - Mias images 

in grayscale as shown in Figure 5-a), the morphological operation dilation applies 

mask as shown in Figure 5-b), of where an image is obtained as shown in figure 5-

c) in the case of figure 5-a). 

 

 

 
Fig 5. (a) Image in grayscale. (b) Mask for dilation. (c) Dilatation image 

 

Step 2: Binarized by the Otsu method, an image is obtained as shown in Fig. 6 

 

 

 
 

Fig. 6: Image binarized using the Otsu method. 

 

Step 3: Subsequently applied the classic labeling algorithm to identify the related 

objects in the image getting an image like the one shown in Figure 7, which shows 

each of the related parts that you make up the image tagged with a different color. 
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Fig. 7: Identify related parts using the classic labeling algorithm 

 

Step 4: Once labeled the image, it was considered that region whose area outside 

maximum by eliminating all those sections whose area they are minors, this way 

we get images like the one shown in figure 8, where we can see the image of the 

breast in conjunction with the pectoral muscle but had already been eliminated 

sections as the label and other caused by additive noise. 

 

 
 

Fig. 8: Segmentation of the breast in conjunction with pectoral muscle. 

 

Step 5: The next objective is to eliminate the pectoral muscle to get only the section 

of the breast, to do this, first you applied morphological operation of erosion by 

applying the mask shown in figure 5-b), and then applied the filter median 

considering a mask of 11 x 11. Figure 9 shows the image in Figure 8 after having 

applied the erosion morphological and filter median. 

 

 
 

Fig. 9: Image after applying morphological erosion and median filter 
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Step 6: Binarized the image with the Ridler-Calvard method getting pictures like 

the one shown in Figure 10. 

 

 

 
 

Fig. 10: Image binarized by Ridler-Calvard method. 

 

Step 7: Then applied the classic labeling algorithm and deleted from the image 

obtained in step 4 section that is located at the top, thus eliminating the pectoral 

muscle (Figure 11), and so gets finally the segmentation of the breast in 

mammography images. 

 

 

 
Fig 11: in (a) Image after applying the classic labeling algorithm and b) the 

segmented image of the breast. 

 

4 Conclusions 
 

This paper is presented a Segmentation method of the breast in digital 

mammography, the method was applied to an images bank, the proposed 

segmentation method can be useful to the development of computational systems 

that address the problem of patterns classification focused in the breast cancer. 
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