
 
 
 DOI: 10.1515/SBEEF-2016-0020 

EVALUATION OF BINARIZATION ALGORITHMS IN PREPROCESSING OF DIGITAL 
MAMMOGRAPHIES  

B. TENE1, D.C. PUCHIANU2, NICOLETA ANGELESCU2 

1 Doctoral School of Engineering, Valahia University of Targoviste 
2 Dept. of Electronics, Telecommunications and Energetics, Valahia University of Targoviste 

E-mail: {bogdan.tene,pdantgv,nicoletaangelescu@yahoo.com} 
 

 
 
Abstract. Digital mammograms are a useful tool for breast 
cancer detection. The quality of digital mammogram image 
can have a negative effect on the computer-aided diagnosis 
system. We investigate the use of automatic image thresholding 
methods for microcalcification detection in mammographic 
images.   Experimental results on the BI-RADS 4 images 
dataset confirm the proposed approach. 
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1. INTRODUCTION  

 

Digital mammography is a largely used detection tool in 
breast cancer. Globally, statistics say that breast cancer is 
the most common type of cancer for women [1-2]. 
Screening techniques help doctors to early identify the 
cancer or other diseases [3-4]. The efficiency of the anti-
cancer treatment depends on when the mammography has 
been conducted. The result of mammography is an X-ray 
breast photograph, which is called mammogram. 
Mammograms are used efficiently to diagnose breast 
cancer, but unfortunately not all cancer types are 
recognizable using this technique [5].  The diagnosis is 
further improved using a biopsy. The biopsy operation 
depends on the mammogram result. The increasing storage 
capacity has offered the possibility to store mammograms 
in digital format. Given the large number of cases, the 
manual workload of a radiologist trying to find similar 
cases can be reduced with the help of Computer Aided 
Detection (CAD) systems. The percent of breast cancer 
detection with the help of mammography is around 70-
90%.  The results can be further improved with the help of 
CAD system. Also the radiologists are proposed many 
CAD systems; the main drawback is the number of false-
positives detected. 
 
There are two-types of mammogram abnormalities: 
masses and calcifications.  The calcification is a small 
quantity of mineral, shown as a white spot on 
mammogram. Masses represent a difficulty problem for 
CAD systems, because this is a zone which look abnormal 
and can contain fat cells or healthy tissues. By comparison 
with calcification, the area occupied by masses in a 
mammogram is larger and contributes to the performance 
of a CAD system. 
 
Mammogram images are classified in three categories:  
normal, benign and malignant. In many developing 
countries the number of false positives for a CAD system 

is higher because of the equipment quality. Image 
processing algorithms can help CAD systems to attend 
classification rate advertised. In [6] the authors build a new 
Collection of Preprocessed Digital Mammograms 
(CPDM) images acquired from Mammography Clinic of 
Hospital de Alta Especialidad Juan Graham Casasus. The 
images are preprocessed in five stages in order to enhance 
the quality of the acquired image. The authors use a 
binarization technique to reduce the image area. 
 
In this paper we evaluate several automatic image 
thresholding algorithms for calcification detection and 
reducing area of images. We investigate several 
binarization algorithms for the detection of calcifications 
in digital mammogram images. 
 
The content of the present paper is as follows. In section II 
the classification of breast tissue using BI-RADS scale is 
presented. In sections III and IV the automatic image 
thresholding algorithms and experimental results on BI-
RADS 4 images dataset are presented. Finally, in the last 
section the conclusions are drawn. 

 
2. BI-RADS CLASSIFICATION SCALE OF 

MAMMOGRAMS 
 

The radiologist interprets the mammogram based on 
several identification elements: 

 abnormality area 
 contour shape 
 density of tissue 
 number of abnormalities 
 existence/absence of calcification zones. 

 
The most important feature for diagnosis of cancer type is 
given by contour shape feature. The most used 
classification by radiologists is BI-RADS classification 
(Breast Imaging Reporting Data System) [7]. The 
BIRADS classification has been proposed by The 
American College of Radiology.  
 
The BI-RADS assessment categories are from 0 to 6. We 
use BI-RADS scale from 1 to 6 for classification of the 
mammograms images. The BI-RADS categories based on 
analysis of digital mammogram images are the following: 

1) BI-RADS 0 
a) The mammogram results are incomplete 
b) Further investigations are necessary 

2) BI-RADS 1  
a) there is no presence of suspicious abnormalities 
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b) the result is negative 
 

3) BI-RADS 2 
a) rounded macrocalcifications (fibroadenoma, 

cyst), vascular calcification 
b) regions with fat densities  

 
4) BI-RADS 3 (probably benign) 

a) presence of solid nodules on the mammogram  
b) cluster regions with tiny calcifications  
c) the risk of breast cancer is lower than 1% 

 
5) BI-RADS 4 

a) There are three sub-categories for suspicion of 
malignancy: low (BI-RADS 4A), moderate (BI-RADS 
4B) and high (BI-RADS 4C) 

b) the mammogram can be malignant given the 
apparition of abnormalities  

c) presence of microcalcifications 
d) the PPV (positive predictive value) is around 20-

40% 
e)  the biopsy operation is recommended 

 
6) BI-RADS 5 

a) high risk of real malign cancer (95% probability) 
b) cancer morphological features: cluster of 

microcalcification, malignant microcalcifications, dense 
areas with irregular shape  

 
7) BI-RADS-6 

a) The diagnosis of malign cancer is confirmed 
 
3. THE ANALYSES AND THE SEGMENTATION 

OF MEDICAL IMAGES 
 
For the analyses of digital mammogram images, we 
investigated several automatic image thresholding 
methods: 

 the entropy maximizing method (EM) [8]; 
 Minimum Histogram (MH) [8]; 
 Otsu method (OM) [9]; 
 Iterative Selection Thresholding Method (ISTM) 

[10]. 
 
Digital mammogram images contain breast tissue regions 
in foreground and a background.  In order to characterize 
the abnormalities in the digital mammographic image we 
crop a region of interest (ROI) from the original image. 
The image cropped is further analyzed using the above 
binarization methods. The details of the algorithm are 
presented in Figure 1. The binarization threshold is 
computed firstly using the EM method. If the binarization 
threshold is not good, then a new threshold is computed 

using the following method.  The user decides which 
binary image is suitable for analysis.  Finally, the best 
threshold is chosen and the ROI image and threshold are 
saved.  

 
4. EXPERIMENTAL RESULTS 

The experimental results for the proposed method have 
been carried out on a dataset of digital mammogram 
images from the BI-RADS 4 category. The dataset 
contains 36 images. The proposed method has been 
implemented in Matlab program [11] using functions 
provided by Image Processing Toolbox (IPT). In Table 1 
and Figure 2 are presented the experimental values 
obtained. 

 
         
 

 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Proposed algorithm for the preprocessing of 

digital mammogram images 
 
 Table 1. Experimental results  

Image Algorithm Threshold Microcalcification 

a EM 30 Yes 
a MH 13 Yes 
a OM 22 Yes 
a ISTM 20 Yes 
g EM 184 No 
g MH 191 Yes 
g OM 172 Yes 

Start 

Select ROI  
from mammogram 

Compute binarization 
threshold for ROI image 

Threshold 
OK? 

Save binary ROI 
image from mammogram 

Change  
binarization 

method 

End 



 
 
 DOI: 10.1515/SBEEF-2016-0020 

 
a                          b                       c                              d                        e                            f 

 
g                          h                      i                             j                              k                            l 

 
m                          n                       o                              p                                q                            r 

 
s                          t                       u                              v                              x                            y 

Figure 2. From left column to right: Original mammogram (first column), cropped mammogram image (second column), 
binarized mammogram (last four columns) 
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 Table 1. Experimental results (cont.)  
Image Algorithm Threshold Microcalcification 

g ISTM 172 Yes 
m EM 97 No 
m MH 166 Yes 
m OM 169 Yes 
m ISTM 169 Yes 
s EM 200 Yes 
s MH 128 No 

 
From the experimental results from Figure 2 and all 
images from dataset has been observed that the best 
automatic thresholding algorithm is Otsu method 
followed by MH, EM and ISTM methods. The Otsu 
algorithm highlights the microcalcification in all images. 
Using digital image processing techniques [12], the 
monochrome image can be embedded in original image 
using reversible watermarking technique in order to 
reduce storage space [13]. 
 
5. CONCLUSIONS 
 
In this paper an evaluation of various automatic image 
thresholding methods on digital mammographic images 
has been performed. From the experimental results we 
observe that the best thresholding algorithms for the 
microcalcification detection is Otsu method. 

6. REFERENCES  
 
[1] Kopans DB. Breast imaging. 3rd ed. Philadelphia: 

Lippincott Williams & Wilkins; 2007. 
[2]  Kwon HJ, Shin BH, Gopaul D, Fienberg S. Strain 

ratio vs. modulus ratio for the diagnosis of breast 
cancer using elastography. Biomed Eng Lett. 2014; 
4(3):292-300. 

[3] Popescu D., Ichim L., Caramihale T., Computer – 
Aided Localization of the Optic Disc Based on 
Textural Features. 9th International Symposium On 
Advanced Topics In Electrical Engineering, May 7-
-9, 2015, Bucharest, Romania, pp.307- 312; 

[4] Popescu D., Ichim L., Caramihale T., Texture 
Based Method for Automated Detection, 
Localization and Evaluation of the Exudates in 
Retinal Images. Springer International Publishing 
Switzerland 2015 S. Arik et al. (Eds.): ICONIP 
2015, Part IV, LNCS 9492, pp. 463–472, 2015. 

[5] Evans JA, Screening mammography breast cancer 
diagnosis in asymptomatic women: Scane, 
Potchen, Sierra, Azavedo. 1993 Mosby. pp 546. 
ISBN 0-8016- 6488-8 

[6] Juana Canul-Reich, Omar Trinidad Gutiérrez 
Méndez, A New Collection of Preprocessed Digital 
Mammograms, 12th Mexican International 
Conference on Artificial Intelligence, MICAI 2013, 
Mexico City, Mexico, November 24-30, 2013, 
Proceedings, Part I,     pp 570-581, Publisher 
Springer Berlin Heidelberg, ISBN 978-3-642-
45113-3, 2013 

[7] BI-RADS classification, http://breast-cancer.ca/bi-
rads/. 

[8] Parker J.R . , Algorithms for Image Processing and 
Computer Vision, Publiser:John and Wiley Sons, 
New York, 1997 

[9] Otsu N., A threshold Selection Method from Gray-
Level Histogram, IEEE Trans. On Systems, Man 
and Cybernetics, Vol. 9, p. 377-393, 1979 

[10] Ridler TW, Calvard S. (1978) Picture thresholding 
using an iterative selection method, IEEE Trans. 
System, Man and Cybernetics, SMC-8: 630-632. 

[11] Matlab software, http://www.mathworks.com 
[12] Popescu D., Predusca G., Angelescu N., Algoritmi 

pentru prelucrarea semnalelor numerice, Ed. 
Electra, Bucureşti, ISBN 973-8067-97-9, 2003 

[13] Coltuc D., Caciula I., Coanda H., Color Stereo 
Embedding by Reversible Watermarking, 3rd 
International Symposium on Electrical and 
Electronics Engineering (ISEEE), pp. 256-259, 
ISBN 978-1-4244-8409-6, 2010  

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


