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OverviewOverview
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WP3 tasks:WP3 tasks:

1.1. Acquire a webAcquire a web--available mammographic image database foravailable mammographic image database for
preliminary analysispreliminary analysis

2.2. Identify a set of suitable texture features for image analysisIdentify a set of suitable texture features for image analysis
3.3. Evaluate features and select best subsets for further studyEvaluate features and select best subsets for further study

Current Specifications:Current Specifications:

•• Publicly available mammographic databases contain images ofPublicly available mammographic databases contain images of
optimaloptimal--exposure only, usually through AERC.exposure only, usually through AERC.

•• Images of subImages of sub--optimal exposure must beoptimal exposure must be simulatedsimulated in order toin order to
investigate effects on texture features.investigate effects on texture features.

•• Final set of subFinal set of sub--optimal images must be evaluated by expertoptimal images must be evaluated by expert
physicians in terms of diagnostic quality.physicians in terms of diagnostic quality.
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Tasks completed so far:Tasks completed so far:

1.1. Acquire real mammographic images using optimal exposureAcquire real mammographic images using optimal exposure
settings (DB1).settings (DB1).

2.2. Acquire phantom images using subAcquire phantom images using sub--optimal manual exposureoptimal manual exposure
settings (DB2).settings (DB2).

3.3. Formulate a realistic exposure simulation model for constructingFormulate a realistic exposure simulation model for constructing
extensive sets of subextensive sets of sub--optimal images from DB1.optimal images from DB1.

4.4. Use phantom images from DB2 to validate the simulation model.Use phantom images from DB2 to validate the simulation model.
5.5. Construct a set of contentConstruct a set of content--rich texture feature functions for imagerich texture feature functions for image

analysis.analysis.
6.6. Apply complete feature function set to both optimal and subApply complete feature function set to both optimal and sub--optimaloptimal

images (true + simulated) and evaluate performance.images (true + simulated) and evaluate performance.
7.7. Investigate results and select features with smooth & consistentInvestigate results and select features with smooth & consistent

behavior over the entire mammographic image set.behavior over the entire mammographic image set.
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Further work:Further work:

1.1. Image quality assessment by the expert physician over the entireImage quality assessment by the expert physician over the entire
image set.image set.

2.2. Investigate correlation (mapping) between expertInvestigate correlation (mapping) between expert’’s quality curvess quality curves
and one or more of the selected feature functions.and one or more of the selected feature functions.

3.3. Finalize choices on one or more feature functions and formulateFinalize choices on one or more feature functions and formulate
feedback for control loop.feedback for control loop.
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Progress ReportProgress Report
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Current Progress Overview:Current Progress Overview:

WebWeb--based public mammographic image databasebased public mammographic image database
Experiment planning & documentationExperiment planning & documentation
Preliminary phantom image databasePreliminary phantom image database
SimModelSimModel--1A: exposure simulation1A: exposure simulation
PredModelPredModel--1A: texture features extraction1A: texture features extraction
PredModelPredModel--1B: feature quality evaluation versus exposure1B: feature quality evaluation versus exposure
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Task 1: Mammographic Image DatabaseTask 1: Mammographic Image Database

II--ImaSImaS: Workpackage: Workpackage--33 Amsterdam, 26Amsterdam, 26--27 May 200427 May 2004

WebWeb--based public mammographic image databasebased public mammographic image database

RequirementsRequirements::
•• mediummedium-- to highto high--resolution mammographic imagesresolution mammographic images
•• at least 8at least 8--bit grayscalebit grayscale
•• sets of similar images (exposure settings, views, etc).sets of similar images (exposure settings, views, etc).

Selected databaseSelected database:: MiniMIASMiniMIAS [01][01]
•• 322 images of normal and abnormal cases of various pathologies322 images of normal and abnormal cases of various pathologies
•• digitized at 50digitized at 50 m, resized to 200m, resized to 200 mm
•• final resolution: 1024x1024x8final resolution: 1024x1024x8
•• created by: Royalcreated by: Royal MarsdenMarsden Hospital, London, UK.Hospital, London, UK.
•• used selected subsets of 20used selected subsets of 20--100100 ““profileprofile”” images as base forimages as base for

simulated images (DB1).simulated images (DB1).
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Current Progress Overview:Current Progress Overview:

WebWeb--based public mammographic image databasebased public mammographic image database
Experiment planning & documentationExperiment planning & documentation
Preliminary phantom image databasePreliminary phantom image database
SimModelSimModel--1A: exposure simulation1A: exposure simulation
PredModelPredModel--1A: texture features extraction1A: texture features extraction
PredModelPredModel--1B: feature quality evaluation versus exposure1B: feature quality evaluation versus exposure

77--7373



Task 2: Experiment Planning & DocumentationTask 2: Experiment Planning & Documentation

II--ImaSImaS: Workpackage: Workpackage--33 Amsterdam, 26Amsterdam, 26--27 May 200427 May 2004

Experiment DocumentationExperiment Documentation

Basic TaskBasic Task::
•• document mammographic device specificationsdocument mammographic device specifications
•• document experiment settings and environmentdocument experiment settings and environment
•• log experiment progress and image acquiring (samples)log experiment progress and image acquiring (samples)
•• document technical aspects of image quality for each sampledocument technical aspects of image quality for each sample
•• document clinical aspects of image quality for each sampledocument clinical aspects of image quality for each sample

Reference BaseReference Base:: [02[02--05]05]
•• Mammographic device quality assessment reportsMammographic device quality assessment reports
•• List of technical aspects related to image quality (TechnicianList of technical aspects related to image quality (Technician’’s QC)s QC)
•• List of clinical aspects related to image quality (PhysicianList of clinical aspects related to image quality (Physician’’s QC)s QC)
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Form A: XForm A: X--Ray Equipment Specifications AssessmentRay Equipment Specifications Assessment

Task 2: Experiment Planning & DocumentationTask 2: Experiment Planning & Documentation 99--7373
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Form B: Image AcquisitionForm B: Image Acquisition –– Experiment SettingsExperiment Settings

Task 2: Experiment Planning & DocumentationTask 2: Experiment Planning & Documentation 1010--7373
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Task 2: Experiment Planning & DocumentationTask 2: Experiment Planning & Documentation

Form C: Image AcquisitionForm C: Image Acquisition –– Experiment LoggingExperiment Logging
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Task 2: Experiment Planning & DocumentationTask 2: Experiment Planning & Documentation

Form D: Image Quality EvaluationForm D: Image Quality Evaluation –– TechnicianTechnician’’s QCs QC
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Task 2: Experiment Planning & DocumentationTask 2: Experiment Planning & Documentation

Form E: Image Quality EvaluationForm E: Image Quality Evaluation –– PhysicianPhysician’’s QCs QC
Image Quality Properties (doctorImage Quality Properties (doctor’’s grading):s grading):

••Contrast Estimation (quality)Contrast Estimation (quality)
••Spatial Resolution Estimation (quality)Spatial Resolution Estimation (quality)
••Noise Estimation (%)Noise Estimation (%)

••Background / Tissue DiscriminationBackground / Tissue Discrimination
••Structural Details (veins, etc)Structural Details (veins, etc)
••Fatty TissueFatty Tissue
••Dense Tissue (fibroDense Tissue (fibro--granular)granular)
••Main Boundary Edges (sharpness)Main Boundary Edges (sharpness)

••MassesMasses
••SpiculateSpiculate FormationsFormations
••MicroMicro--calcificationscalcifications
••StellateStellate LesionsLesions
••Asymmetric DensityAsymmetric Density
••Asymmetric DuctsAsymmetric Ducts
••AxillaryAxillary NodesNodes
••LymphoadenomaLymphoadenoma PatternsPatterns
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Preliminary phantom image databasePreliminary phantom image database
SimModelSimModel--1A: exposure simulation1A: exposure simulation
PredModelPredModel--1A: texture features extraction1A: texture features extraction
PredModelPredModel--1B: feature quality evaluation versus exposure1B: feature quality evaluation versus exposure

1414--7373



Preliminary Phantom Image DatabasePreliminary Phantom Image Database

Basic TaskBasic Task::
•• Create a reference base for simulated results in order to verifyCreate a reference base for simulated results in order to verify

theoretical models (SimModeltheoretical models (SimModel--1A)1A)
•• Use a highUse a high--quality phantom suited for mammographic screeningquality phantom suited for mammographic screening
•• Document experiments using Forms ADocument experiments using Forms A--EE

Experiment ResultsExperiment Results::
•• Conducted at EUROMEDICA medical center (Athens, Greece)Conducted at EUROMEDICA medical center (Athens, Greece)
•• Phantom used:Phantom used: MammochipMammochip C141C141
•• Device used: typical analogDevice used: typical analog mammographermammographer
•• Parameter ranges used: 25Parameter ranges used: 25--2929 kVpkVp , 4, 4--180180 mAsmAs
•• Exposure control: manual (selected tests with AERC on)Exposure control: manual (selected tests with AERC on)
•• Absorption simulation: none (selected tests with absorption layeAbsorption simulation: none (selected tests with absorption layers)rs)
•• Total number of images acquired: 32 (DB2)Total number of images acquired: 32 (DB2)

Task 3: Preliminary Phantom Image DatabaseTask 3: Preliminary Phantom Image Database

II--ImaSImaS: Workpackage: Workpackage--33 Amsterdam, 26Amsterdam, 26--27 May 200427 May 2004
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Task 3: Preliminary Phantom Image DatabaseTask 3: Preliminary Phantom Image Database
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MammoDBMammoDB / DB1 : Experiment Planning/ DB1 : Experiment Planning
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SimModelSimModel--1A: Exposure simulation1A: Exposure simulation

Basic TaskBasic Task::
•• Formulate a realistic theoretical model for simulating manualFormulate a realistic theoretical model for simulating manual

exposure configurations using optimal exposure images.exposure configurations using optimal exposure images.
•• Apply simulation model in all (optimal) mammographic images toApply simulation model in all (optimal) mammographic images to

create simulated (subcreate simulated (sub--optimal) images (DB1).optimal) images (DB1).
•• Validate simulation results (DB1) using real phantom images atValidate simulation results (DB1) using real phantom images at

various exposure configurations (DB2).various exposure configurations (DB2).
•• use base set ofuse base set of 2020 images, generateimages, generate 2121 exposure simulation forexposure simulation for

each one, calculateeach one, calculate 2020 features overfeatures over 33 box sizes (10, 25, 50),box sizes (10, 25, 50),
calculate featurecalculate feature meanmean andand stdevstdev values.values.

Model Design (parameters)Model Design (parameters):: [06[06--12]12]
•• Rx : Radiation ExposureRx : Radiation Exposure
•• OD : Optical Density of XOD : Optical Density of X--ray projected subjectray projected subject
•• GL : Gray Value of (digital) sensorsGL : Gray Value of (digital) sensors
•• GI :GI : GreylevelGreylevel of pixels in the resulting imageof pixels in the resulting image
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sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs

SimModelSimModel--1A: Results (samples from DB1)1A: Results (samples from DB1)

Task 4: SimModelTask 4: SimModel--1A1A 2525--7373
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cfg.F2: 23 kVp / 4 mAs cfg.A1: 26 kVp / 4 mAs cfg.G2: 30 kVp / 4 mAs

SimModelSimModel--1A: Validation & Verification (samples from DB2)1A: Validation & Verification (samples from DB2)

Real experimental phantom images included in DB2:

Task 4: SimModelTask 4: SimModel--1A1A 2626--7373
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Texture Features Extraction1A: Texture Features Extraction

Basic TaskBasic Task::
•• Formulate a set of contentFormulate a set of content--rich textural feature function, wellrich textural feature function, well--suitedsuited

for mammographic image analysis.for mammographic image analysis.
•• Use only firstUse only first--order statistics or functions of low computationalorder statistics or functions of low computational

complexitycomplexity [11[11--17]17]..
•• Apply complete set of feature functions over all the available iApply complete set of feature functions over all the available imagesmages

(real + simulated) and construct analytical profiles.(real + simulated) and construct analytical profiles.

Model Design (specifications)Model Design (specifications)::
•• Apply progressive image scanning on xApply progressive image scanning on x--axisaxis
•• Average calculated feature values per scanningAverage calculated feature values per scanning ““columncolumn””
•• Produce simple 1Produce simple 1--D transition curves for each feature functionD transition curves for each feature function
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PredModelPredModel--1A: Texture Feature Calculation1A: Texture Feature Calculation

1.1. Calculate each feature for a fixedCalculate each feature for a fixed--sized box.sized box.
2.2. Average feature values for currentAverage feature values for current ““columncolumn””
3.3. Store mean value and advance to the nextStore mean value and advance to the next ““columncolumn””
4.4. Final result is a 1Final result is a 1--D curve for each feature functionD curve for each feature function
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Intermediate 21A: Intermediate 2--D resultsD results

Function: F01 (MIN) /Function: F01 (MIN) / boxsizeboxsize: 10: 10

sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Intermediate 21A: Intermediate 2--D resultsD results

Function: F02 (MAX) /Function: F02 (MAX) / boxsizeboxsize: 10: 10

sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Intermediate 21A: Intermediate 2--D resultsD results

Function: F03 (MAX) /Function: F03 (MAX) / boxsizeboxsize: 10: 10

sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Intermediate 21A: Intermediate 2--D resultsD results

Function: F04 (STDEV) /Function: F04 (STDEV) / boxsizeboxsize: 10: 10

sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Intermediate 21A: Intermediate 2--D resultsD results

Function: F07 (POWER) /Function: F07 (POWER) / boxsizeboxsize: 10: 10

sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Intermediate 21A: Intermediate 2--D resultsD results

Function: F11 (VOLUME) /Function: F11 (VOLUME) / boxsizeboxsize: 10: 10

sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Intermediate 21A: Intermediate 2--D resultsD results

Function: SF19 (Synthetic) /Function: SF19 (Synthetic) / boxsizeboxsize: 10: 10

sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs
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Task 5: PredModelTask 5: PredModel--1A1A

PredModelPredModel--1A: Intermediate 21A: Intermediate 2--D resultsD results

Function: SF20 (Synthetic) /Function: SF20 (Synthetic) / boxsizeboxsize: 10: 10

sim.#1: 25 kVp / 75 mAs init: 27 kVp / 125 mAs cfg.2: 29 kVp / 200 mAs
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Task 6: PredModelTask 6: PredModel--1B1B

PredModelPredModel--1B: Texture Features Evaluation1B: Texture Features Evaluation

Basic TaskBasic Task::
•• Investigate feature results from PredModelInvestigate feature results from PredModel--1A.1A.
•• Identify features with smooth & consistent behavior over the entIdentify features with smooth & consistent behavior over the entireire

mammographic image set.mammographic image set.
•• Identify features with smooth & consistent behavior over the entIdentify features with smooth & consistent behavior over the entireire

range of exposure settings.range of exposure settings.

Model Design (specifications)Model Design (specifications)::
•• Analyze feature functions behavior versus exposure.Analyze feature functions behavior versus exposure.
•• Conduct visual evaluation for preliminary selection.Conduct visual evaluation for preliminary selection.
•• Investigate both exposure effects and breast tissue detection.Investigate both exposure effects and breast tissue detection.
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PredModelPredModel--1B: Preliminary Assessment1B: Preliminary Assessment

Best feature functions:Best feature functions:

•• F01:F01: ““MINMIN””
•• F02:F02: ““MAXMAX””
•• F03:F03: ““MEANMEAN””
•• F07:F07: ““POWERPOWER””
•• F11:F11: ““VOLUMEVOLUME””
•• SF19: (normalized power)SF19: (normalized power)
•• SF20: (normalized exposure)SF20: (normalized exposure)

Local feature combination:Local feature combination:

•• Averaging over theAveraging over the ““columncolumn””
•• Unbiased over partial resultsUnbiased over partial results

Basic Conclusions:Basic Conclusions:

•• Averaging partial feature values overAveraging partial feature values over ““columnscolumns”” produce unbiased results.produce unbiased results.
•• Most feature functions can be calculated directly over the entiMost feature functions can be calculated directly over the entirere ““columncolumn””..
•• Best features relate to sums over pixel values or squared pixelBest features relate to sums over pixel values or squared pixel values.values.
•• Larger box sizes produce more consistent results.Larger box sizes produce more consistent results.
•• Processing complexity grows proportionally withProcessing complexity grows proportionally with number of pixels in the boxnumber of pixels in the box..
•• First order statistics can also be used successfully for breastFirst order statistics can also be used successfully for breast tissue detection.tissue detection.
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Task 6: PredModelTask 6: PredModel--1B1B

PredModelPredModel--1B: Feature Functions Complexity1B: Feature Functions Complexity

MATLAB sample:MATLAB sample:

functionfunction npowernpower=func_SF19( I )=func_SF19( I )
npowernpower = sum(sum(I.^2))/(size(I,1)*size(I,2));= sum(sum(I.^2))/(size(I,1)*size(I,2));

C/C++ sample:C/C++ sample:

intint func_SF19( unsigned char *pixel,func_SF19( unsigned char *pixel, intint boxszboxsz ))
{{

intint i, j, sum=0,i, j, sum=0, pxpx,, npowernpower;;

for ( i=0; i<for ( i=0; i<boxszboxsz; i++ ); i++ )
for ( j=0; j<for ( j=0; j<boxszboxsz; j++ ); j++ )
{{

pxpx = *(pixel+(i= *(pixel+(i--1)*1)*boxsz+jboxsz+j););
sum =sum = sumsum ++ pxpx**pxpx;;

}}

npowernpower = sum / (= sum / (boxszboxsz**boxszboxsz););
return(npowerreturn(npower););

}}
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Task 6: PredModelTask 6: PredModel--1B1B

PredModelPredModel--1B: Feature Functions Complexity1B: Feature Functions Complexity

x86x86 AssemplyAssemply sample:sample:
......

DSEGDSEG SEGMENTSEGMENT

BOX_SZBOX_SZ DWDW 5050
ICOUNTICOUNT DWDW 5050
JCOUNTJCOUNT DWDW 5050
SUMSUMDWDW 00
NPOWERNPOWER DWDW 00

DSEGDSEG ENDSENDS
......

FUNC_SF19FUNC_SF19 PROCPROC

PUSHAPUSHA

MOVMOV SUM,0SUM,0

L1:L1:CMPCMP JCOUNT,0JCOUNT,0
JNGJNG L0L0

L2:L2:CMPCMP JCOUNT,0JCOUNT,0
JNGJNG L1L1
MOVMOV DI,JCOUNTDI,JCOUNT

MOVMOV BX,ICOUNTBX,ICOUNT
SUBSUB BX,1BX,1
MULMUL BX,BOX_SZBX,BOX_SZ
MOVMOV AX,PIXEL[BX][DI]AX,PIXEL[BX][DI]
MULMUL AX,AXAX,AX
ADDADD SUM,AXSUM,AX

SUBSUB JCOUNT,1JCOUNT,1
JMPJMP L2L2

SUBSUB ICOUNT,1ICOUNT,1
JMPJMP L1L1

L0:L0:MOVMOV AX,BOX_SZAX,BOX_SZ
MULMUL AX,AXAX,AX
MOVMOV CX,AXCX,AX
MOVMOV AX,SUMAX,SUM
DIVDIV CXCX

MOVMOV NPOWER,CXNPOWER,CX

POPAPOPA

RETRET

FUNC_SF19FUNC_SF19 ENDPENDP
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Current Progress Overview:Current Progress Overview:

WebWeb--based public mammographic image databasebased public mammographic image database
Experiment planning & documentationExperiment planning & documentation
Preliminary phantom image databasePreliminary phantom image database
SimModelSimModel--1A: exposure simulation1A: exposure simulation
PredModelPredModel--1A: texture features extraction1A: texture features extraction
PredModelPredModel--1B: feature quality evaluation versus exposure1B: feature quality evaluation versus exposure
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Further Progress Requirements (WP3):Further Progress Requirements (WP3):

Finalize Forms AFinalize Forms A--E for experiments planning & documentationE for experiments planning & documentation

Finalize choices on mammographic device and subject (phantom)Finalize choices on mammographic device and subject (phantom)
for experimental acquisition of new image database (DB3).for experimental acquisition of new image database (DB3).

Create a thorough set of real mammographic images (DB3) fromCreate a thorough set of real mammographic images (DB3) from
experiments conducted at devices that closely resemble the targeexperiments conducted at devices that closely resemble the targett
system, using extensive documentation and logging (Forms Asystem, using extensive documentation and logging (Forms A--C).C).

Image quality assessment by experts for all images in DB3, usingImage quality assessment by experts for all images in DB3, using
extensive documentation (Forms Dextensive documentation (Forms D--E).E).

Finalize sensor & DSP chips specifications and processingFinalize sensor & DSP chips specifications and processing
resources availability (space + time) for onresources availability (space + time) for on--line image analysis.line image analysis.

Investigate the possible use of embedded test patterns throughouInvestigate the possible use of embedded test patterns throughoutt
the DB3 experimental images, in order to produce an unbiasedthe DB3 experimental images, in order to produce an unbiased
base for global image properties (background noise, exposure, etbase for global image properties (background noise, exposure, etc).c).
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