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Abstract. In this paper a linear transformation, the spiral method, is introduced; 
this transformation maps an image represented in a 3-D space into a signal in a 
2-D space. Some features of the spiral are presented: for instance the topologic 
information of the objects in the image, their contours, areas and the shape of 
the objects themselves. Two different case-study are presented: the use of spiral 
method in order to evaluate the number, the size, the shape and the location of 
the microcalcifications by the use of signals related to the mammograms; en-
tropy is proposed as a measure of the degree of the parenchyma disorder of the 
mammograms and its use for a system CAD. 

1   Introduction 

The precocious diagnosis of the lesion in the breast has an absolutely determining role 
in the evolution and in the final result of the lesion.  

As a matter of fact, the recognition of a precocious malignant lesion has a favour-
able result in 90% of the cases, while it is lethal in 50% of the cases, when a secon-
dary metastasis is induced. 

Therefore, the mass of screening, which is applied to the mammography, gets a 
very important role: 30-50% of the precocious lesions are made of agglomerates of 
micro calcifications, which dimensions are between 0,5 -1 mm [1]. 

Only through an accurate and skilled analysis of mammograms, it is possible to 
point out isolated micro calcifications. Indeed, there is a strong variability among 
their shapes, dimensions, and besides, they are immersed in a parenchyma tissue, 
altered in its structure by the existing lesion. 

The formulation of a diagnosis, only through the analysis of mammograms, is defi-
nitely very complex, especially if compared to those ones that use CT or MRN. It is 
also the origin of 30% of mistakes done by the radiologists [2] [3]. The proper meth-
odologies of the image analysis and of the Pattern Recognition have been used by 
many CAD systems (Computer Aided Diagnosis). The CAD systems have the pur-
pose to help the radiologist in the radiogram analysis. They want to be a second opin-
ion, not a substitute of the same radiologist. [4] [5]. 

In a previous work [8], we have introduced a CAD that applied entropy as a meas-
ure of parenchyma disorder, represented in a mammogram, in order to point out the 
differences between the benignant and malignant lesions for the masses and for the 
micro calcification. 
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The concentration of microcalcifications, their shape and dimension are useful in-
formation to evaluate correctly the entity of the lesion. 

In this work, we wish to supply with a measure of the number of the existing micro 
calcifications in the area indicated by the radiologist; the contour and the area of each 
micro calcification located and their shape. 

The paper is organized as follows: the first chapter describes the spiral method and 
some of its properties; the second chapter shows the results obtained by applying the 
proposed method to images containing benignant or malignant micro calcifications, 
and finally, the work will provide a discussion and authors’ conclusions. 

2   The Spiral Method  

There are different methods meant to read the information contained in a digital im-
age: in rows, in columns, or by recurring to paths such as the Peano’s one. The choice 
of the scansion method is connected to the type of information that somebody wants 
to pick out from the image (e.g. a certain recurrence in a direction, the search of the 
points of maximum or minimum of the surface image in order to carry out the histo-
gram, the time of the calculus etc). 

We propose the spiral method for the scansion of a digital image in order to per-
form expected target (connected pixels, set of pixels that locate the regions of the 
image etc.). 

We define: Am,n  as the domain of the surface image where (m, n) are respectively 
the number of rows and  columns of A. 

Only out of simplicity of expression, we place m=n, i.e. A is a square matrix. 

Definition 1. We define crown  of the matrix C1  the set of the pixels 

C1={ a1,1…a1,n; a2,n…am,n; am,n-1 ….am,1 ; am-1,1….a2,1} (1) 

that is, the order set of pixels contained in the row m=1 of the matrix, in the n-th col-
umn, in the m-th row, in the first column except the pixel, a1,1 since it is already con-
tained in the first row. 

Let P is a discrete mono dimensional signal, so that: 

P(x) = Px1, Px2,….., Pxi,…Pxk (2) 

Definition 2. 
Therefore, we define first differential 

∆1Pxi = Px(i+1) - Pxi (3) 

Definition 3.  
We define second differential: 

∆2Pxi =∆1Pxi - ∆1Px(i-1) (4) 

If we substitute the values ∆1Pxi -∆1Px(i-1)  
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∆2Pxi = ∆1Pxi -∆1Px(i-1) = Px(i+1) - Pxi - (Pxi - Px(i-1) )=  

                        = Px(i+1) - 2Pxi  + Px(i-1)  
(5) 

It is easy to verify that for every pixel belonging to a crown of the matrix, the sec-
ond differential assumes value 0. 

It is straightforward that if for three pixels, belonging to a crown, the relation (4) 
assumes value 0, then they are 4-connected with respect to the central pixel. 

If we suppose Am,n a bidimensional signal and C1,……, Ck the crown contained 
in its dominion, we define joined spiral to the signal Am,n   the relation: 

T = Ui=1,k Ci  (6) 

where  Ci  is the i-th crown obtained from the matrix Am,n. 
It is important to observe that the relation (6) realizes a linear reversible transforma-
tion of a generic signal in a space 2-D in a signal in a space 1-D.  

Therefore it follows: 
                 S 
Am,n                                Tmxn 

                     S-1 

(7) 

Due to (7) a one to one application is established between each of the elements tk 
belonging to T with each of the pixel ai,j of the matrix  Am,n. 

The transformation S maintains the information regarding the form and the dimen-
sions of the image domain, the topological information such as the number of the 
objects and their position, the area and the outline of the objects, etc.   

For example, we assume tk  as the element to which corresponds the pixel ai,j, so 
the pixels 4-connected to ai,j, correspond to the elements in T  for which the condi-
tion (8) is satisfied 

∆2tn = 0 

or 
∆2tn = 8 

(8) 

The pixels of object in A are 4-connected, so : 

1. The area of the object is given by the set V, whose elements satisfy the relation 
(8); 

2. the contour of the object is given by the subset  VV ∈1 whose elements contain 
almost a ground pixel among its 8-connected pixels;  

3. the signal T of the Fig. (2-c) supplies with a certain number of information about 
the shape of the set object V; 

4. Concerning the elements belonging to the set V1, we know: 

a. topological information – from the abscissa of a point belonging to T, we obtain 
the indexes of rows and columns of the pixels related to A 
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b. the shape of the object – from the elements related to VV ∈1 , we are able to 

describe the shape of the object contained in A 
c. shape 3-D of the object – for each of the elements related to V, we compute: its 

location in the domain of A (index of row and column)   and its grey level. So it 
is possible to have both the information over the 3-D shape and to reconstruct V 
pixel by pixel. 

In a previous work [9], we have proposed the HER (Hierarchical Entropy based 
Representation) method, as the algorithm meant to realize the information retrieval 
from a multidimensional database. 

Briefly the relevant point about HER that a 1-D signal, T, may be represented by a 
string F, such: that: 

T≈ F= m1e1 ;  m2e2 ;…….. ; mkek (9) 

where 
{m}= m1,….., mk  are the maxima, extract in a hierarchical way from T; 

{e}= e1,….., ek are the energies associated maxima { }mmi ∈  

Let’s suppose a 1-D signal T, where m and M corresponding to the minimum and 
maximum absolutes of T and ET its total energy . 

We define signal crest C the portion of the signal T between m and M. 
In other words, the signal crest is obtained by placing the zero of the axes of ordi-

nates equal to m. 
We assume Ec the energy of the crest signal C. 

We apply to the signal C the method HER , obtaining {mk} and { ek} as  the 
maxima and the energies of C respectively.  

Let { }ki ee ∈  the energy associated to the maximum of { }ki mm ∈ . 

Definition 4.  
We define entropy of the signal T the relation: 

T

K

i
i

T E

e
S

∑
== 1  

(10)

It is important to underline that m and M aren’t either the smaller or the bigger of 
the ordinate of the points of T, but the minimum and the maximum of the signal T (in 
a mathematical sense). It is straightforward that both the entropy of a constant signal 
(constant value of the function) and of a monotone signal (constant derivative) is 
equal to zero. 

On the other hand the entropy equal to 1 corresponds to the maximum degree of 

disorder, i.e. there are not two points (xi, xi+1) with { }gnaldomainofSii ∈  that have the 
same ordinate. In a previous work [10], we have introduced entropy as a measure of 
the disorder of a signal. 

In the next section will show an application of our method to the analysis of mam-
mograms. 
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3   Experimental Results  

In a previous work [10], we have proposed a CAD system that employs the entropy of 
the parenchyma to discriminate between malignant and benignant lesions, both for 
masses and calcifications. 

The mammograms taken into consideration belong to the DDSM (Digital Database 
for Screening Mammography, South Florida University) database, a collection of 
about 10.000 mammograms, digitized at 12 bits in a matrix of 2000x4000 pixels. 

We have also verified that the recourse to the entropy to get retrieval information 
of a mammograms’ database doesn’t supply with valid results [8]. 

Two main problems arise from the study of microcalcifications: the number of the 
lesions and their shape in the selected area. 
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Fig. 1. The signal obtained by applying the spiral method to the portion of the mammogram 
shown in Fig.2b 

We believe that the simple visual analysis, even performed from an expert radiolo-
gist, doesn’t allow to obtain such information. 

We strongly are persuaded that the linear transformation (7) allows a better han-
dling of the information contained in the portion (subset) of the mammogram under 
exam. 

In order to test our method, we have submitted 25 students from the medicine fac-
ulty, specialist in radiology, to a visual analysis of a certain number of mammograms 
containing both benignant and malignant microcalcifications. Each of the students 
were asked to describe each of the photograms; then we have shown them the equiva-
lent signals obtained by applying the relation (7) and the results due to the analysis of 
their signals. The comparison of the obtained results showed that the analysis of the 
signals has allowed to get a more correct descriptions with respect to the ones due to 
the simple visual analysis of the images. 

Let’s describe the most relevant phases of the proposed method: 
The physician selects from the digital mammogram the Region of Interest (even 

the whole mammogram), and visualizes this portion in the video device; then a grid is 
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overlapped, whose mesh dimension is an input parameter chosen by the physician. 
The grid is an useful help when a more detailed analysis has to be performed. Two 
sample portions of different mammograms, containing malignant and benignant micro 
calcifications, are shown in Fig.2 (a, b), while in Fig.3 (a, b) are shown the corre-
sponding 1D signals obtained by using a mesh for the grid 25x25 pixels. 

                           

Fig. 2. A portion of mammogram with a benignant (a) and malignant microcalcifications (b) are 
shown 
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Fig. 3. A portion of the signals related to Fig.1a and Fig.1b are shown respectively 
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The analysis and the diagnosis carried out from the study of the signals above men-
tioned appeared to be closest to the effective diagnosis. 

We wish to emphasize the role of the number and of the shape of the maxima in 
order to classify the kind of the lesion. It is also interesting to compare the two signals 
in Fig 3 (a,b) and especially to go over the behaviour of the relating parenchyma, the 
grey level on the portion of the signals connected with the parenchyma in the consid-
ered area. 

In conclusion we believe that the spiral method allows us to determine, in very 
simple way, the number of microcalcifications existing in the area of interest, their 
position, dimension and contour. 

The spiral method, when compared to other methods proposed in the scientific lit-
erature, gives us the possibility to join a picture with an exact measure, to show the 
behaviour of the parenchyma and the shape of microcalcification with an algorithm 
that works in real time. 

We think that the shape of the impulses of a signal is not enough to discriminate 
between benignant and malignant mammograms. Entropy as a measure of the paren-
chyma disorder has been successfully used in order to realize a CAD system with 
encouraging results. [6] [7] [11]. 
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