
Rangaraj M. Rangayyan

Professor Emeritus of Electrical and Computer Engineering 

Schulich School of Engineering

Calgary, Alberta, CANADA

Fractal Analysis of Breast Masses
in Mammograms



Breast Masses and Tumors

×Benign masses

üRound or oval, smooth, macrolobulated

üHomogeneous

üWell-defined, well-circumscribed, sharp

×Malignant tumors (breast cancer)

üSpiculated, rough, microlobulated

üHeterogeneous

üIll -defined, ill-circumscribed, blurry



Mammogram with a 
Benign Mass



Mammogram with a 
Malignant Tumor



Mammogram with a
Malignant Tumor



Examples of Breast Masses

Benign, Benign, Malignant,             Malignant, 
round               macrolobulated microlobulated spiculated



Fractals and  
Breast Masses

Self similarity at multiple scales:
macrolobulated versus 
microlobulated contours

Nested patterns or complexity:
Åsmooth versus rough contours
Åconvex versus spiculated contours
Ågeometric versus space-filling curves



Cauliflower as a Fractal



Cauliflower as a Fractal



Circumscribed Benign (CB) SpiculatedBenign (SB)

Circumscribed Malignant (CM)SpiculatedMalignant (SM)



Fractal Dimension: 
Application to Breast Masses

×Fractal dimension can characterize 

the shape differences between 

benign masses and malignant tumors

×Fractal analysis can also be used 

to characterize the texture of suspicious 
regions in mammograms



Self-similarity Dimension

a = number of self-similar pieces

1/s = reduction factor

D = self-similarity dimension



The Koch Snowflake 
Fractal Dimension = 1.262
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The Box-counting Method
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Result of Box-counting for 
the Koch Snowflake
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FD = 1.264



The Ruler Method

Let u be the length measured with a ruler of size s



The Ruler Method Applied 
to a 2D Contour



1D Signature of a 
2D Contour

A 2D contour may be converted to a 1D 
signature using the distance of each 
contour point to the centroid (x0, y0)

d = [ (x - x0) 
2 + (y ïy0) 

2 ] 1/2



1D Signature of a 
2D Contour



1D Signature of a 
Benign Mass



1D Signature of a 
Malignant Tumor




