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OverviewOverview
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Current Progress Overview:Current Progress Overview:

WP3: issues related to D.8 and D.9 materialWP3: issues related to D.8 and D.9 material
Overview of image preOverview of image pre-- and postand post--filteringfiltering
Enhancements to image restoration optionsEnhancements to image restoration options
Preface to xPreface to x--ray camera geometry (WP8)ray camera geometry (WP8)
Implementation & calibration issuesImplementation & calibration issues
Aspects relative toAspects relative to ““Exploitation & DisseminationExploitation & Dissemination””
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Additional comments for D.8 & D.9:Additional comments for D.8 & D.9:

•• Use ofUse of greyscalegreyscale: sensor: sensor--toto--pixel values, scale, normalizationpixel values, scale, normalization
•• Visualization correction modelVisualization correction model: regression models: regression models
•• Dose,Dose, mAsmAs,, kVpkVp: textural features, feedback,: textural features, feedback, ““dosedose”” type, beam hardeningtype, beam hardening
•• PrePre--filteringfiltering: non: non--destructive noise removal, interleaving, subdestructive noise removal, interleaving, sub--samplingsampling

Comments from CTI:Comments from CTI:
Report:Report: ““CTI: Additional comments regarding D.8 and D.9 reportsCTI: Additional comments regarding D.8 and D.9 reports””
II--ImaSImaS website:website: ““I-ImaS_CTI_D8-D9comments_Sept05.pdf”” /  08/  08--SeptSept--0505

WP3: Issues related to D.8 and D.9 materialWP3: Issues related to D.8 and D.9 material
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Image acquisition model:Image acquisition model:

Overview of image preOverview of image pre-- and postand post--filteringfiltering
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Figure adapted from [30]
A.Galbiati, Feb/05



Image distortions detected at the sensor plane:Image distortions detected at the sensor plane:

1.1. DisuniformitiesDisuniformities on sensors,on sensors, scintillatorscintillator, etc., etc.
2.2. Combined noise factorsCombined noise factors
3.3. Relative targetRelative target--sensor movement (linesensor movement (line--scanning)scanning)
4.4. ““Salt & PepperSalt & Pepper”” typetype disuniformitiesdisuniformities (black/white spots)(black/white spots)
5.5. NonNon--uniform gain profile (uniform gain profile (vingettingvingetting))
6.6. Perspective distortionsPerspective distortions
7.7. Other geometric/lens distortions (barrelOther geometric/lens distortions (barrel--pincushion)pincushion)

Goals of study:Goals of study:
•• Initial approach (D.9)Initial approach (D.9):: ““blackblack--boxbox”” model estimationmodel estimation –– complexcomplex
•• Analytical approachAnalytical approach:: ““whitewhite--boxbox”” model estimationmodel estimation –– modularmodular
•• ScopeScope: include some of the: include some of the ““whitewhite--boxbox”” model within themodel within the

acquisition/control loop (onacquisition/control loop (on--line processing) for better quality on theline processing) for better quality on the
extracted textural features (input).extracted textural features (input).
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TypeType--1 Distortion:1 Distortion: DisuniformitesDisuniformites on sensorson sensors

•• Usually a result of nonUsually a result of non--uniformuniform scintillatorscintillator coatingcoating
•• Also includesAlso includes ““bad pixelsbad pixels””
•• A uniformA uniform ““voidvoid”” exposure can estimate the complete spatial profileexposure can estimate the complete spatial profile
•• Usually the simplest method for flatUsually the simplest method for flat--field correctionfield correction

TypeType--2 Distortion: Overall noise artifacts2 Distortion: Overall noise artifacts

•• Refers to all image artifacts of stochastic natureRefers to all image artifacts of stochastic nature
•• Includes sensor inefficiencies (thermal/electronic noise)Includes sensor inefficiencies (thermal/electronic noise)
•• Includes beam scatteringIncludes beam scattering
•• May also refer to quantization if precision is lowMay also refer to quantization if precision is low
•• It can be modeled statistically and removed at some degreeIt can be modeled statistically and removed at some degree
•• NonNon--destructive filtering requires accurate noise & acquisition modedestructive filtering requires accurate noise & acquisition modelsls
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TypeType--3 Distortion: Relative movement between object and sensor3 Distortion: Relative movement between object and sensor

•• Caused by the lineCaused by the line--scanning procedurescanning procedure
•• Resulting PSF for pixels is wide along the scanning directionResulting PSF for pixels is wide along the scanning direction
•• Creates aCreates a ““smoothedsmoothed”” version of the ideal imageversion of the ideal image
•• Can be corrected via accurate model estimation and filteringCan be corrected via accurate model estimation and filtering
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Wiener filters for image restorationWiener filters for image restoration

•• More stable and noiseMore stable and noise--resistant than inverse and pseudoresistant than inverse and pseudo--inverse filtersinverse filters
•• Does not require analytical mode for the channel (adaptive on stDoes not require analytical mode for the channel (adaptive on statistics)atistics)
•• Combines optimal combination of lowCombines optimal combination of low--pass and highpass and high--pass filteringpass filtering
•• ““SmoothingSmoothing”” for noise reduction,for noise reduction, ““SharpeningSharpening”” for PSF correctionfor PSF correction
•• Can beCan be ““trainedtrained”” with a calibration template (fixed) or adapt to the channelwith a calibration template (fixed) or adapt to the channel
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Analytical form of frequency response of Wiener filter:Analytical form of frequency response of Wiener filter:

Typical implementation via correlation statistics (spatially invTypical implementation via correlation statistics (spatially invariant form):ariant form):

NoteNote: Size of spatial kernel depends on PSF: Size of spatial kernel depends on PSF ““smoothingsmoothing””, typically less than 15x15 pixels, typically less than 15x15 pixels
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TypeType--4 Distortion:4 Distortion: ““Salt & PepperSalt & Pepper”” disuniformitiesdisuniformities

•• Appear as extreme bright (Appear as extreme bright (““saltsalt””) or dark () or dark (““pepperpepper””) spots on the image) spots on the image
•• If consistent, they can be attributed to sensor deficiencies (seIf consistent, they can be attributed to sensor deficiencies (see Typee Type--1)1)
•• If random, they are pixels saturated with extreme noise valuesIf random, they are pixels saturated with extreme noise values
•• Normal noise filtering is incapable of completely restoring thesNormal noise filtering is incapable of completely restoring these pixelse pixels
•• Instead,Instead, ““spotspot”” filters are used forfilters are used for detectiondetection && interpolationinterpolation
•• Usually implemented as 2Usually implemented as 2--D Gaussian kernels with thresholdD Gaussian kernels with threshold ““triggeringtriggering””

! Caution:! Caution: Spot detectors must be able to clearly distinguish betweenSpot detectors must be able to clearly distinguish between ““salt &salt &
pepperpepper”” spots and useful image content, e.g.spots and useful image content, e.g. microcalcificationsmicrocalcifications: For: For
minimum size 0,3 mm at pixel size 32x32 um, the spot detector keminimum size 0,3 mm at pixel size 32x32 um, the spot detector kernelrnel
should beshould be much smaller than 9x9 pixels widemuch smaller than 9x9 pixels wide..
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Preface to XPreface to X--ray camera geometryray camera geometry

Gain Profile Distortions:Gain Profile Distortions: VingettingVingetting, Perspective, Lenses, Perspective, Lenses

•• VingettingVingetting: Image fades near the border due to decrease of gain: Image fades near the border due to decrease of gain
•• PerspectivePerspective: Additional gain decrease due to disperse of photons over: Additional gain decrease due to disperse of photons over

increasing area until they hit the sensor plane.increasing area until they hit the sensor plane.
•• LensesLenses: Cause perspective: Cause perspective--like nonlike non--linear effects on image morphology,linear effects on image morphology,

usually referred to asusually referred to as ““barrelbarrel--pincushionpincushion”” distortions,distortions, NOT an issueNOT an issue in typicalin typical
xx--ray projectionsray projections
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TypeType--5 Distortion:5 Distortion: VingettingVingetting –– NonNon--uniform gain profileuniform gain profile

•• Commonly referred to asCommonly referred to as ““vingettingvingetting”” in the final image (fading near border)in the final image (fading near border)
•• Caused by nonCaused by non--uniform absorption profile and conical projection (see Typeuniform absorption profile and conical projection (see Type--6)6)
•• If object is assumed homogeneous, analytical geometrical model iIf object is assumed homogeneous, analytical geometrical model is feasibles feasible

Note:Note: Correction of the gain profile is also possible by using standarCorrection of the gain profile is also possible by using standard flatd flat--fieldfield
correction templates (see Typecorrection templates (see Type--1), if a realistic object substitute is included1), if a realistic object substitute is included
during the estimation of the sensor response profile.during the estimation of the sensor response profile.
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TypeType--6 Distortion: Perspective6 Distortion: Perspective –– Conical projection geometryConical projection geometry

•• Caused by conical projection from a point source to a flat planeCaused by conical projection from a point source to a flat plane
•• More evident when object is placed far from the sensor planeMore evident when object is placed far from the sensor plane
•• More evident when source is placed near the objectMore evident when source is placed near the object
•• Usually included in theUsually included in the vingettingvingetting distortion (see Typedistortion (see Type--5)5)
•• If the geometry of the system is fixed, analytical geometrical mIf the geometry of the system is fixed, analytical geometrical model is feasibleodel is feasible

Note:Note: Correction of the gain profile is also possible by using standarCorrection of the gain profile is also possible by using standard flatd flat--fieldfield
correction templates (see Typecorrection templates (see Type--1), if an isotropic beam scans throughout the1), if an isotropic beam scans throughout the
entire sensor plane and a realistic profile is created for the bentire sensor plane and a realistic profile is created for the background.ackground.
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Overview of complete image restoration process:Overview of complete image restoration process:

•• Different stages embed different levels of complexity and procesDifferent stages embed different levels of complexity and processing timesing time
•• Exact ordering and sequence of the stagesExact ordering and sequence of the stages ISIS important for optimum resultsimportant for optimum results
•• Ideal caseIdeal case: feature extraction comes after the last restoration stage: feature extraction comes after the last restoration stage
•• Real caseReal case: embed as many stages as possible within the on: embed as many stages as possible within the on--line loopline loop

Design & Implementation Plan:Design & Implementation Plan:
•• Split the complete sequence into preSplit the complete sequence into pre-- and postand post--processing modulesprocessing modules
•• OnOn--line processing loop includes preline processing loop includes pre--processing modules, plus featureprocessing modules, plus feature

extraction, plus control logicextraction, plus control logic
•• Remaining restoration modules are placed offRemaining restoration modules are placed off--line as postline as post--processingprocessing
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CalibrationCalibration

•• SensorSensor--field correction: requires full samplefield correction: requires full sample ““templatetemplate”” of the imaging areaof the imaging area
•• Wiener filters: combined noise and PSF measurements (assumed invWiener filters: combined noise and PSF measurements (assumed invariant)ariant)
•• Gain correction: analytical geometric model OR full flatGain correction: analytical geometric model OR full flat--field gain responsefield gain response
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What about the wedge filters?What about the wedge filters?

•• Probable modification of beam spectrum profile, not just the intProbable modification of beam spectrum profile, not just the intensityensity
•• If profile modification is significant, separate calibration setIf profile modification is significant, separate calibration sets may be requireds may be required

Figures (b) and (c) adapted from [31], Paolo Greppi, Aug/03.
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Exploitation & DisseminationExploitation & Dissemination
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Future Work (CTI):Future Work (CTI):

Next majorNext major workpackageworkpackage involvements in:involvements in:

1.1. WP8WP8 –– ““XX--ray camera design and manufactureray camera design and manufacture”” (Tasks: 8.2, 8.3),(Tasks: 8.2, 8.3),
starting instarting in Dec/05Dec/05..

2.2. WP9WP9 –– ““System display system and camera controlSystem display system and camera control”” (Tasks: 9.2, 9.3),(Tasks: 9.2, 9.3),
starting instarting in Jan/06Jan/06..

3.3. Additional work: consultation on implementing the image processiAdditional work: consultation on implementing the image processing,ng,
onon--line control and efficient code for filtering modules.line control and efficient code for filtering modules.

4.4. As soon as a prototype of the complete acquisition system is reaAs soon as a prototype of the complete acquisition system is ready,dy,
test runs are necessary for the verification, calibration & optitest runs are necessary for the verification, calibration & optimizationmization
of all the modules involved in imaging and control.of all the modules involved in imaging and control.

Progress ReportProgress Report
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