
BreastBreast CancerCancer -- FACTS:FACTS:
�� BreastBreast carcinomacarcinoma leadingleading

cause of cause of cancercancer deathdeath inin
womeanwomean

�� EveryEvery 88--1010thth womanwoman affectedaffected
duringduring lifetimelifetime

�� AboutAbout 40004000 newnew cases/acases/a inin
AustriaAustria

�� ClusteredClustered mircrocalcificationsmircrocalcifications
oneone ofof earlyearly signsign‘‘ss



BreastBreast CancerCancer -- FACTS:FACTS:
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MammographyMammography --
TECHNIQUE:TECHNIQUE:



MammographyMammography --
REPORTING:REPORTING:

�� ClsuteredClsutered MicrocalcificationsMicrocalcifications areare
earlyearly signsign´́ss ofbreastofbreast cancercancer ((brightbright
spotspot´́ss))
-- SizeSize: 0.2: 0.2--0.5 mm 0.5 mm -- searchsearch withwith aa magnifyingmagnifying

glassglass
-- DifficultDifficult perceptionperception inin lowlow contrastcontrast areasareas
-- DifferentiateDifferentiate:: cancerouscancerous vsvs nonnon cancerouscancerous





MammographyMammography --
DILEMMA:DILEMMA:

�� SpecialSpecial trainingtraining ofof radiologistsradiologists
necessarynecessary
�� PositivePositive predictivepredictive valuevalue ofof

radiologistsradiologists: 20%: 20%
�� „„DoubleDouble ReadingReading““ ((independetindependet

reportingreporting byby 22 radiologistsradiologists):):
improvesimproves accuracyaccuracy byby 55 -- 15%15%



ArtificialArtificial IntelligenceIntelligence inin
MammographyMammography --

HYPOTHESIS:HYPOTHESIS:

�� ClusteredClustered microcalcificationsmicrocalcifications bebe
foundfound reliablyreliably foundfound byby aa computercomputer
applicationapplication
�� and a and a discriminationdiscrimination betweenbetween

cancerouscancerous and non and non cancerouscancerous
microcalcificationsmicrocalcifications bebe donedone usingusing
neuronalneuronal netsnets



MammographyMammography --
VISIONVISION

�� CAD System (CAD System (CComputeromputer
AAidedided DDiagnosis)  can iagnosis)  can 
act as act as ““never tired, never tired, 
second readersecond reader””





Variance of female FEATURESVariance of female FEATURES



ANN & ANN & MammographyMammography --
PATIENTS:PATIENTS:

�� Patient Database:Patient Database:
-- 100100 patientspatients = 272 Images = 272 Images 

withwith McMc´́ss
-- HighHigh resolutionresolution filmfilm

digitalizationdigitalization::
8000x6000x158000x6000x15 -->> aboutabout 9090

Mbyte/imageMbyte/image
-- ResolutionResolution forfor imageimage

processingprocessing: 91.5 : 91.5 ��mm



ANN & ANN & MammographyMammography --
GROUNDTRUTH:GROUNDTRUTH:

�� AllAll patientspatients operatedoperated andand
biopsybiopsy reportsreports
availabaleavailabale::
-- 5454 malignantmalignant, 46, 46 benignbenign

�� AllAll patientspatients ratedrated toto bebe
-- benignbenign,, indeterminateindeterminate,,

malignantmalignant

�� ManualManual markingmarking ofof
-- 828828 indivindiv.. microcalcificationsmicrocalcifications
-- 735735 artifactsartifacts



ANN & ANN & MammographyMammography --
HARD & SOFT:HARD & SOFT:

�� Hardware:Hardware:
-- SunSparc20SunSparc20
-- Neurocomputer SynapseNeurocomputer Synapse--1 (SNAT):1 (SNAT):

�� Software:Software:
-- ImageImage ProcessingProcessing:  IDL 5.0, :  IDL 5.0, CreasoCreaso

Research SystemResearch System
-- ANNANN -- SynapseSynapse--1:1: nneuronaleuronal AApplicationpplication

LLanguageanguage
(SNAT, Germany)(SNAT, Germany) -- C++C++ librarieslibraries



ANN & ANN & MammoMammo -- WORKFLOWWORKFLOW
Backgroundcorrection

Classification:

Feat.Extr. ANN

malign

benign
indeterminate

ANNtypical

Detection:

ANNFeature Extraction



ANN & ANN & MammographyMammography --
BACKGROUNDKORRECTIONBACKGROUNDKORRECTION



�� LinefeaturesLinefeatures::

ANN & ANN & MammographyMammography --
FEATURES FOR DETECTION:FEATURES FOR DETECTION:



�� LinefeaturesLinefeatures::

ANN & ANN & MammographyMammography --
FEATURES FOR DETECTION:FEATURES FOR DETECTION:



ANN & ANN & MammographyMammography --
RESULTS  DETECTION:RESULTS  DETECTION:
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FEAT URE Az
graylevel min 0.769

max 0.836

mean 0.808

var 0.875

edge gradients min 0.817

max 0.895

mean 0.920

var 0.755

line feature min 0.651

max 0.608

mean 0.636

var 0.557

local contrast (object) 0.930





ANN & ANN & MammographyMammography --
FEATURES  FOR CLASSIFICATIONFEATURES  FOR CLASSIFICATION
�� MeanMean vectorvector ofof populationpopulation:: mmxx == EE{{xx}}
�� CovarianceCovariance matrixmatrix:: CCxx == EE{({(xx -- mmxx)()(xx -- mmxx))TT}}
�� CalculateCalculate eigenvectorseigenvectors ofof CCxx , and , and 

transformationmatrixtransformationmatrix AA
�� TransformTransform image:image: yy == AA((xx -- mmxx)) -- HotellingHotelling

TransformationTransformation



ANN & ANN & MammographyMammography --
FEATURES FOR CLASSIFICATIONSFEATURES FOR CLASSIFICATIONS
�� Extension in 8 Extension in 8 directionsdirections
�� „„MinimumMinimum EnclosingEnclosing RectangleRectangle““::

-- Center of Center of gravitygravity,, excentricityexcentricity,, aspectaspect--ratioratio
..............



ANN & ANN & MammographyMammography --
FEATURES FOR CLASSIFICATIONSFEATURES FOR CLASSIFICATIONS

�� Features of Features of individualindividual
microcalcificationsmicrocalcifications::
-- MeanvalueMeanvalue ofof greylevelsgreylevels ofof pixelspixels withinwithin oneone

mcmc
-- LocalLocal contrastcontrast ofof oneone mcmc
-- BorderBorder gradientsgradients
-- AreaArea,, perimeterperimeter andand compactnesscompactness (P(P22/A)/A)



ANN & ANN & MammographyMammography --
FEATURES FOR CLASSIFICATIONSFEATURES FOR CLASSIFICATIONS
�� ClusteringClustering -- recursiverecursive algorithmalgorithm
�� AreaArea ofof thethe clustercluster -- ConvexConvex HullHull

ProcedureProcedure



ANN & ANN & MammographyMammography --
FEATURES FOR CLASSIFICATIONSFEATURES FOR CLASSIFICATIONS

�� FeaturesFeatures fromfrom „„ConvexConvex HullHull““::
-- NumberNumber ofof mcmc’’ss
-- AreaArea,, perimeterperimeter andand compactnesscompactness ofof

clustercluster
-- DensityDensity ((numbernumber ofof mcmc’’s/As/A))
-- InterInter mcmc -- distancesdistances
-- descriptivedescriptive statisticsstatistics ofof individualindividual mcmc

featuresfeatures



ANN & ANN & MammographyMammography --
FEATURES FOR CLASSIFICATIONSFEATURES FOR CLASSIFICATIONS

�� TotalTotal featuresfeatures: n=73: n=73
�� AutomaticAutomatic

selectionsprocessselectionsprocess:: patientpatient
basedbased

„„ LeaveLeave--oneone--OutOut--TestTest““ forfor
everyevery featurefeature

1010 suitedsuited forfor differentiationdifferentiation typicaltypical --
indeterminateindeterminate

1212 suitedsuited forfor differentiationdifferentiation benignbenign --
malignantmalignant



Sensitivity : 98%
Specifity : 47%

Sensitivity : 98%
Specifity : 47%


