
Computed  RadiographyComputed  Radiography
Technology 2004Technology 2004

J. Anthony Seibert, Ph.D.J. Anthony Seibert, Ph.D.
University of California, DavisUniversity of California, Davis

Medical CenterMedical Center
Sacramento, CaliforniaSacramento, California

AAPM 2004 Summer SchoolAAPM 2004 Summer School
Specifications, Performance Evaluation And QASpecifications, Performance Evaluation And QA

of Radiographic and Fluoroscopic Systems in the Digital Eraof Radiographic and Fluoroscopic Systems in the Digital Era
Carnegie Mellon University, Pittsburgh, PennsylvaniaCarnegie Mellon University, Pittsburgh, Pennsylvania



OutlineOutline

•• Digital radiography system overviewDigital radiography system overview
•• CR system functionCR system function
•• Image data acquisitionImage data acquisition
•• Image preImage pre-- and postand post--processingprocessing
•• Physicist role with CR implementationPhysicist role with CR implementation
•• Exposure indicatorsExposure indicators
•• CR Image quality: resolution, SNR, DQECR Image quality: resolution, SNR, DQE



IntroductionIntroduction

Computed Radiography….. Computed Radiography….. 

Photostimulable Storage Phosphor (PSP) detectorPhotostimulable Storage Phosphor (PSP) detector

-- two decades of clinical usetwo decades of clinical use

-- primary modality for primary modality for digitaldigital radiography in anradiography in an
electronic imaging environmentelectronic imaging environment

-- closely emulates the screenclosely emulates the screen--film paradigmfilm paradigm

Logical step for first transitioning from screen Logical step for first transitioning from screen -- film film 

Continuing technological advancesContinuing technological advances



Ten years ago……..Ten years ago……..

•• Computed Radiography the only clinically Computed Radiography the only clinically 
relevant digital projection radiography relevant digital projection radiography 
modalitymodality

•• First generation PACS just getting started, First generation PACS just getting started, 
with radiology centric implementationwith radiology centric implementation

•• DICOM and HLDICOM and HL--7 compliance issues were 7 compliance issues were 
nearly intractablenearly intractable



Now, in  2004Now, in  2004

•• Digital projection radiography has many Digital projection radiography has many 
players, from CR to CCD to flat panel players, from CR to CCD to flat panel 
systems, all with innovative updatessystems, all with innovative updates

•• Second generation PACS is rapidly moving Second generation PACS is rapidly moving 
forward to thinforward to thin--client capability and leveraging client capability and leveraging 
the Internet for enterprise distributionthe Internet for enterprise distribution

•• DICOM is now experienced; DICOM is now experienced; WORKFLOWWORKFLOW
optimization from scheduling to image archive optimization from scheduling to image archive 
is the major issue, with Integrating the is the major issue, with Integrating the 
Healthcare Enterprise (IHE) a key mandateHealthcare Enterprise (IHE) a key mandate



Digital System TechnologiesDigital System Technologies
Projection RadiographyProjection Radiography

•• Computed Radiography (CR)Computed Radiography (CR)

•• CCD camerasCCD cameras

•• CMOS detectorsCMOS detectors

•• TFT Flat Panel arraysTFT Flat Panel arrays

“Direct”
Radiography

(DR)



Computed Radiography (CR)Computed Radiography (CR)

•• Currently Currently thethe major technology available for major technology available for 
large fieldlarge field--ofof--view digital imagingview digital imaging

•• Based upon the principles of photostimulated Based upon the principles of photostimulated 
luminescenceluminescence

•• Operation emulates the screenOperation emulates the screen--film paradigm in film paradigm in 
use and handling..  (flexible but labor intensive)use and handling..  (flexible but labor intensive)

•• Manufacturing trends:  Manufacturing trends:  
–– Smaller, faster, less expensiveSmaller, faster, less expensive
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CR DetectorCR Detector

•• Photostimulable Storage Phosphor (PSP)Photostimulable Storage Phosphor (PSP)

Phosphor PlatePhosphor PlatePhosphor Plate Cassette HolderCassette HolderCassette Holder
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CsI: 175 mg/cm2

Gd2O2S: 120 mg/cm2

BaFBr: 100 mg/cm2

X-ray absorption Efficiency: CsI, BaFBr, Gd2O2S

Less absorption efficiency compared to GdLess absorption efficiency compared to Gd22OO22 S and CsI;S and CsI;
In general, higher dose required relative to 400 speed screen fiIn general, higher dose required relative to 400 speed screen filmlm



Photostimulated LuminescencePhotostimulated Luminescence
Conduction bandConduction band

Valence bandValence band

PSLPSL
3.0 eV3.0 eV

ττττττττ EuEu

EuEu2+2+EuEu 3+3+ //
4f 4f 77

8.3 eV8.3 eV
Laser Laser 

stimulationstimulation

2.0 eV2.0 eV

F/FF/F++

PSLC complexes (F centers) are PSLC complexes (F centers) are 
created in numbers proportional to created in numbers proportional to 
incident xincident x--ray intensityray intensity

ee--

ττττττττ tunnelingtunneling

ττττττττ recombinationrecombination

4f 4f 66 5d5d

phononphonon

CR: How does it work?CR: How does it work?

IncidentIncident
xx--rays rays 

ee

Energy Band Energy Band 
BaFBrBaFBr
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Energy (eV)Energy (eV)
33 442.52.5221.51.5

Stimulation and Emission SpectraStimulation and Emission Spectra

1.751.75

EmissionEmissionStimulationStimulation

DiodeDiode
680 nm680 nm

BaFBr: EuBaFBr: Eu2+2+

OpticalOptical
BarrierBarrier



Photostimulated LuminescencePhotostimulated Luminescence

Incident Laser Incident Laser 
BeamBeam

PMTPMT

Protective LayerProtective Layer

Phosphor LayerPhosphor Layer

Base SupportBase Support

LightLight
ScatteringScattering

Laser Light SpreadLaser Light Spread

PhotostimulatedPhotostimulated
LuminescenceLuminescence

"Effective" readout diameter"Effective" readout diameter

ExposedExposed
ImagingImaging

PlatePlate

Light guideLight guide
PSLPSL
SignalSignal



CR:  Latent Image ReadoutCR:  Latent Image Readout

PMTPMT

Polygonal Polygonal 
MirrorMirror

LaserLaser
SourceSource

Light channeling guideLight channeling guide

Output SignalOutput Signal

ReferenceReference
detectordetector Cylindrical mirrorCylindrical mirrorff--θθ

lenslens

ADCADC

Laser beam: Laser beam: 
Scan directionScan direction

Plate translation: Plate translation: 
SubSub--scan directionscan direction

To imageTo image
processorprocessor

ADCADC

x= 1279x= 1279
y= 1333y= 1333
z=   500z=   500



Scan DirectionScan Direction

SubSub--scan Directionscan Direction

Laser beam deflectionLaser beam deflection

Plate translationPlate translation

TypicalTypical CR resolution:CR resolution:
35 x 43 cm 35 x 43 cm ---- 2.5 lp/mm (200 2.5 lp/mm (200 µµm)m)
24 x 30 cm 24 x 30 cm ---- 3.3 lp/mm (150 3.3 lp/mm (150 µµm)m)
18 x 24 cm 18 x 24 cm ---- 5.0 lp/mm (100 5.0 lp/mm (100 µµm)m)

Screen/film resolution:Screen/film resolution:
77--10 lp/mm (80 10 lp/mm (80 µµm m -- 25 25 µµm)m)

Mechanical / optical deviceMechanical / optical device



Mechanical Mechanical –– optical consequencesoptical consequences

•• Scan / subScan / sub--scan resolution differencesscan resolution differences

•• Aspect ratio accuracyAspect ratio accuracy

•• Distance measurement calibrationDistance measurement calibration



Phosphor Plate CyclePhosphor Plate Cycle
PSP PSP 

Base supportBase support

reusereuse

plate erasure:plate erasure:
remove residual signalremove residual signal

light erasurelight erasure

plate exposure:plate exposure:
create latent imagecreate latent image

xx--ray exposureray exposure

plate readout:plate readout:
extract latent imageextract latent image

laser beam scanlaser beam scan
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XX--rayray
systemsystem

PatientPatient

PSPPSP
detector detector 

1.1. XX--ray Exposureray Exposure

ImageImage
ScalingScaling

3.3.
ImageImage
RecordRecord

4.4.

ComputedComputed
RadiographRadiograph

5.5.

ImageImage
ReaderReader

2.2.

unexposedunexposed

exposedexposed

rere--usableusable
phosphorphosphor

plateplate

CR Image acquisitionCR Image acquisition



Computed Radiography “reader”Computed Radiography “reader”

Information panelInformation panel

Plate Plate 
stackerstacker

FujiFuji

AgfaAgfa



Computed Radiography “reader”Computed Radiography “reader”
KodakKodak

KonicaKonica

LumisysLumisys



CRCR
ReaderReader

CR QC CR QC 
WorkstationWorkstation

Display / ArchiveDisplay / Archive

Laser film printerLaser film printer

DICOM / PACSDICOM / PACS

Image AcquisitionImage Acquisition

CR “system”:  more than the IP’s and the reader!!CR “system”:  more than the IP’s and the reader!!



CR NetworkingCR Networking

•• Modality Worklist Input (from RIS via HLModality Worklist Input (from RIS via HL--7)7)

•• Technologist QC WorkstationTechnologist QC Workstation
–– Image manipulation processing reconciliationImage manipulation processing reconciliation
–– Reconciliation and image QAReconciliation and image QA

•• PACS and DICOMPACS and DICOM
–– Digital Imaging Digital Imaging COmmunicationsCOmmunications in Medicinein Medicine
–– Provides standard for modality interfaces, Provides standard for modality interfaces, 

storage/retrieval, and printstorage/retrieval, and print

•• DICOM image outputDICOM image output



CR TrendsCR Trends
•• Lower system costs, smaller sizeLower system costs, smaller size

•• Integrated QC workstationsIntegrated QC workstations

•• DICOM output; PACS interfacesDICOM output; PACS interfaces

•• Image processing improvementsImage processing improvements

•• FujiFuji

•• AgfaAgfa

•• Kodak/Kodak/LumisysLumisys

•• Konica/MinoltaKonica/Minolta

•• OrexOrex

•• OthersOthers

CR VendorsCR Vendors



CR InnovationsCR Innovations

•• HighHigh--speed line scan systems (<10 sec)speed line scan systems (<10 sec)

•• Dual side readoutDual side readout

•• Structured PSPStructured PSP

•• Mammography applicationsMammography applications

•• Low cost tableLow cost table--top CR readerstop CR readers

}}(increase DQE)(increase DQE)



LaserLaser

TransparentTransparent
phosphorphosphor

basebase

Front light guideFront light guide

Back light guideBack light guide

PSLPSL
frontfront

backback

50 50 µµm laserm laser

ThickerThicker
phosphorphosphor
layerlayer

DualDual--side readoutside readout



CR MammographyCR Mammography

CR ReaderCR Reader
50 50 µµm spotm spot

CR CassettesCR Cassettes

Modality Modality 
Worklist  Worklist  

--------
CR QCCR QC

WorkstationWorkstation

24 x 30 cm24 x 30 cm 18 x 24 cm18 x 24 cm

Image size:
36 MB (18x24)
50 MB (24x30)



ConventionalConventional
ScreenScreen--FilmFilm

ComputedComputed
RadiographyRadiography

CR: direct CR: direct 
replacement for replacement for 

screenscreen--filmfilm



Dry Laser PrinterDry Laser Printer



CRCR

ScreenScreen--
FilmFilm

Exactly sameExactly same
position andposition and
compressioncompression



5 sec scan

Laser Line
Source

Shaping
Lens

Linear CCD
Array

Lens
Array

Line excitation PSL

Sub-scan
Direction

CR “lineCR “line--scan”scan”

Side View

Linear 
Laser 
Source

Light Collection Lens

Linear CCD
Array

Stationary IP



Fuji “Velocity”; Fuji “Velocity”; AgfaAgfa “Scan Head”“Scan Head”

•• FasterFaster
–– 55--10 second scan10 second scan
–– Turn around ~30 secTurn around ~30 sec

•• CompactCompact
–– Simplified componentsSimplified components
–– Les expensiveLes expensive

•• Better?Better?
–– Quantitative analysis Quantitative analysis 

still requiredstill required

IP is set 
back and 
scanned by 
linear laser.

IP
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Signal to Noise Ratio (SNR)Signal to Noise Ratio (SNR)

•• Determines detectability of an objectDetermines detectability of an object

•• The signal is derived from the xThe signal is derived from the x--ray quantaray quanta

•• The noise is from a variety of sources:The noise is from a variety of sources:
–– XX--ray quantum statisticsray quantum statistics
–– Electronic noiseElectronic noise
–– Fixed pattern noiseFixed pattern noise
–– Sampling noise (aliasing)Sampling noise (aliasing)
–– Anatomical noiseAnatomical noise

•• Display of SNR must be matched to human Display of SNR must be matched to human 
visual system responsevisual system response



Exposure Latitude:  Dynamic RangeExposure Latitude:  Dynamic Range

FilmFilm

100:1100:1

Log relative exposureLog relative exposure
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PrePre--ProcessingProcessing

•• Detector / xDetector / x--ray system flawsray system flaws
–– Pixel defectsPixel defects
–– Sensitivity variations (e.g., light guide in CR)Sensitivity variations (e.g., light guide in CR)
–– Offset gain variationsOffset gain variations

•• Wide detector dynamic rangeWide detector dynamic range
–– Identify image locationIdentify image location
–– Scale image dataScale image data
–– Optimize quantization levels for “postOptimize quantization levels for “post--processing”processing”

Two major steps correct and adjust for: Two major steps correct and adjust for: Two major steps correct and adjust for: 



n 1,  i    ; O(x)  - I(x)  (x)I iiO ==

Shading correction techniques for CR: Shading correction techniques for CR: 
correct light guide gain variationscorrect light guide gain variations

 
(x)I

 I
  Sh(x)

O

xO=

( ) x)Sh    O(x)  - I(x)   C(x) (×=

Apply offset correction to uniform IP exposure, n averages:Apply offset correction to uniform IP exposure, n averages:

Create normalized shading correction array:Create normalized shading correction array:

Implement shading correction (line by line):Implement shading correction (line by line):

n linesn lines
fastfast--scanscan

mean value for all xmean value for all x



11--D Shading CorrectionD Shading Correction
Normalized Shading Profile
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CR Shading CorrectionCR Shading Correction
•• Uncorrected imageUncorrected image •• Shading correctedShading corrected
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→

“Heel” effect →AnodeCathode AnodeCathode

Note: Shading calibration recommended at least every 6 monthsNote: Shading calibration recommended at least every 6 months



CR Image ManipulationCR Image Manipulation

•• Image preImage pre--processing: segmentationprocessing: segmentation

–– Find the pertinent image informationFind the pertinent image information
–– Scale the data via histogram analysisScale the data via histogram analysis



Collimation area(s) determinedCollimation area(s) determined

CollimationCollimation
BorderBorder



The shape is dependent on radiographic study, The shape is dependent on radiographic study, 
positioning and techniquepositioning and technique

AnatomyAnatomy
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Useful signalUseful signal

Collimated Collimated 
areaarea

Direct Direct 
xx--ray ray 
areaarea

Pixel valuePixel value

Histogram DistributionHistogram Distribution
Collimation BorderCollimation Border
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Data conversion for overexposureData conversion for overexposure
Exposure into digital numberExposure into digital number
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Screen-Film

Underexposed Overexposed



Computed Radiography

Underexposed Overexposed



CR Image manipulationCR Image manipulation

•• Image postImage post--processing:processing:

–– Contrast enhancementContrast enhancement
–– Anatomy specific grayscale manipulationAnatomy specific grayscale manipulation
–– Spatial frequency enhancementSpatial frequency enhancement
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Contrast Contrast 
EnhancementEnhancement

Edge Edge 
EnhancementEnhancement

ImageImage
InversionInversion



Spatial Frequency ProcessingSpatial Frequency Processing

““Edge Enhancement”Edge Enhancement”

Spatial frequencySpatial frequency

Solid:  original responseSolid:  original response

Dash:  low pass filteredDash:  low pass filtered
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OriginalOriginal BlurredBlurred

DifferenceDifference Edge enhancedEdge enhanced
Spatial frequencySpatial frequency

Original Original -- filteredfiltered

Difference:Difference:

lowlow highhigh

Spatial frequencySpatial frequency

SumSum

lowlow

Difference + OriginalDifference + Original

Edge Enhanced:Edge Enhanced:

highhigh



Multiscale enhancement of imagesMultiscale enhancement of images

•• Algorithm:Algorithm:
–– Decompose the image into several frequency Decompose the image into several frequency 

channels (pyramidal decomposition)channels (pyramidal decomposition)

–– Process each frequency scale (subProcess each frequency scale (sub--band) nonband) non--
linearly to equalize detail amplitude (structure linearly to equalize detail amplitude (structure 
boost)boost)

–– Recombine each “scale” to form final outputRecombine each “scale” to form final output

–– Protect image from unacceptable noiseProtect image from unacceptable noise



SubSub--bands of the image are independently optimizedbands of the image are independently optimized

NonNon--linear linear 
weightingweighting

NonNon--linear linear 
weightingweighting

NonNon--linear linear 
weightingweighting

NonNon--linear linear 
weightingweighting

““Multi frequency”Multi frequency”
enhanced imageenhanced image



Standard Processing Multi-frequency Processing

Courtesy of Keith StraussCourtesy of Keith Strauss



MUSICA� ProcessingStandard Processing

Example ImagesExample Images

Courtesy of Chuck WillisCourtesy of Chuck Willis
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•• Patented algorithms for superior image processingPatented algorithms for superior image processing

•• Split image into low & high frequency components  Split image into low & high frequency components  
–– Reduce contrast of low frequency imageReduce contrast of low frequency image

–– Preserve high frequency imagePreserve high frequency image

•• Recombine imagesRecombine images
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Dual Energy Imaging with CRDual Energy Imaging with CR

? Nodule?? Nodule?
Low kVpLow kVp High kVpHigh kVp



TissueTissue--selective Imagesselective Images

Nodule Nodule not not in soft tissue image    in soft tissue image    →→

Soft Soft –– tissue Onlytissue Only

Nodule calcifiedNodule calcified

Bone OnlyBone Only



Image processingImage processing

•• Contrast and spatial frequency enhancements Contrast and spatial frequency enhancements 
are crucial for image optimization and efficient are crucial for image optimization and efficient 
information delivery to the diagnosticianinformation delivery to the diagnostician

•• PrePre--processing (shading) correction must be processing (shading) correction must be 
verifiedverified

•• Disease and anatomyDisease and anatomy--specific processing and specific processing and 
Computer Aided Diagnosis are new issuesComputer Aided Diagnosis are new issues
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Physicist responsibilitiesPhysicist responsibilities

•• Technical expert and liaisonTechnical expert and liaison
–– Radiologists, technologistsRadiologists, technologists
–– Administrators, IT staff, clinical engineeringAdministrators, IT staff, clinical engineering

•• Knowledge of CR system characteristicsKnowledge of CR system characteristics

•• Establish / assist CR image quality programEstablish / assist CR image quality program

•• Verify proper exposure/technique usageVerify proper exposure/technique usage

•• Assist in specification (RFP), analysis, purchaseAssist in specification (RFP), analysis, purchase



Clinical considerationsClinical considerations

•• CR reader throughput needsCR reader throughput needs

•• Number of IP’s, cassettes, gridsNumber of IP’s, cassettes, grids

•• Identification terminals, interfaces to RIS / HIS / PACSIdentification terminals, interfaces to RIS / HIS / PACS

•• Image processing functionalityImage processing functionality

•• Quality control phantom and softwareQuality control phantom and software

•• Service, warranty contracts, siting Service, warranty contracts, siting reqtsreqts



•• Image QualityImage Quality
-- Comparable image quality for all vendorsComparable image quality for all vendors

-- Structured phosphor, dual side readout……Structured phosphor, dual side readout……

-- Use in radiation therapy?   (IMRT)Use in radiation therapy?   (IMRT)

•• System throughputSystem throughput
-- “Large” systems: ~ 120 “Large” systems: ~ 120 –– 140 plates/hr140 plates/hr

-- “Small” systems: ~40 “Small” systems: ~40 –– 60 plates/hr60 plates/hr

•• RIS / PACS interfaces; hardcopy?RIS / PACS interfaces; hardcopy?
-- Modality Modality worklistworklist and DICOM conformanceand DICOM conformance

•• Quality Control phantoms and software programQuality Control phantoms and software program

•• Vendor serviceVendor service

CR SpecificationsCR Specifications



CR in a PACS environmentCR in a PACS environment

•• ““Unprocessed” versus “Processed” imagesUnprocessed” versus “Processed” images
–– 3 levels:  “raw3 levels:  “raw--raw”, “original”, “contrast/spatial enhanced”raw”, “original”, “contrast/spatial enhanced”
–– Unprocessed images require Unprocessed images require VendorVendor--specific specific algorithms on PACSalgorithms on PACS
–– Processed images require DICOM or image specific Processed images require DICOM or image specific LUTsLUTs

•• Unprocessed images more flexibility to manipulate imageUnprocessed images more flexibility to manipulate image

•• Processed images do not require proprietary softwareProcessed images do not require proprietary software

•• Configuration management is crucial for successConfiguration management is crucial for success



OutlineOutline

•• Digital radiography system overviewDigital radiography system overview
•• CR system functionCR system function
•• Image data acquisitionImage data acquisition
•• Image preImage pre-- and postand post--processingprocessing
•• Physicist role with CR implementationPhysicist role with CR implementation
•• Exposure indicatorsExposure indicators
•• CR Image quality: resolution, SNR, DQECR Image quality: resolution, SNR, DQE



Why is incident detector exposure Why is incident detector exposure 
important? important? 

•• Determines the image SNR (for given DQE)Determines the image SNR (for given DQE)

•• Disconnect between image appearance and Disconnect between image appearance and 
exposureexposure

•• Indirectly determines exposure to patientIndirectly determines exposure to patient

•• Indicators can assist the technologist in Indicators can assist the technologist in 
achieving correct “equivalent speed”achieving correct “equivalent speed”
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How do manufacturers indicate How do manufacturers indicate 
incident exposure?incident exposure?

•• Fuji:  “S” Fuji:  “S” –– sensitivity numbersensitivity number
•• S S ≅≅ 200 / Exposure (mR); 1 mR @ 80 kVp ~ 200200 / Exposure (mR); 1 mR @ 80 kVp ~ 200

•• Kodak: “Exposure Index” Kodak: “Exposure Index” –– EIEI
•• EI EI ≅≅ 1000 1000 ×× log (Exposure [mR]) + 2000; log (Exposure [mR]) + 2000; 

1 mR @ 80 kVp + 0.5 mm Cu + 1 mm Al1 mR @ 80 kVp + 0.5 mm Cu + 1 mm Al
+300 EI = 2X exposure; +300 EI = 2X exposure; --300 EI = ½ exposure300 EI = ½ exposure

•• AgfaAgfa:  “:  “lglg M” M” –– log of the median of the histogramlog of the median of the histogram
•• lgMlgM=2.56 for 20 =2.56 for 20 µµGy @ 75 kVp + 1.5 mm CuGy @ 75 kVp + 1.5 mm Cu

+0.3 +0.3 lgMlgM = 2X exposure; = 2X exposure; --0.3 0.3 lgMlgM = ½ exposure= ½ exposure

•• Values are based upon the signal amplification required to Values are based upon the signal amplification required to 
properly scale PSL, which is dependent on incident exposure properly scale PSL, which is dependent on incident exposure 



What S value is appropriate?What S value is appropriate?

•• Examination specificExamination specific UCDMC targetsUCDMC targets
–– Adult exams (CXR, abdomen, etc)   Adult exams (CXR, abdomen, etc)   150 150 –– 300300
–– Extremities   (ST plates)  Extremities   (ST plates)  75 75 –– 150150
–– PediatricsPediatrics 300 300 –– 600600

•• Variable speed should be used to advantageVariable speed should be used to advantage

•• Anatomical information can be lost with too high Anatomical information can be lost with too high 
or too low exposureor too low exposure



How do you get the data?How do you get the data?
•• System dependentSystem dependent
•• In some cases offered by vendor with In some cases offered by vendor with 

optional QC packageoptional QC package
•• Can export data into excel spreadsheetCan export data into excel spreadsheet



Adult portable chest calculated exposuresAdult portable chest calculated exposures
First half, 1994, 4572 examsFirst half, 1994, 4572 exams
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Guidelines for QC based on Guidelines for QC based on 
ExposureExposure

•• >1000>1000 <0.2 mR<0.2 mR

•• 600 600 –– 10001000 0.30.3--0.2 mR0.2 mR

•• 300 300 -- 600600 1.01.0--0.3 mR0.3 mR

•• 150 150 -- 300300 1.31.3--1.0 mR1.0 mR

•• 75 75 --150150 1.31.3--2.7 mR2.7 mR

•• 50 50 -- 7474 4.04.0--2.7 mR2.7 mR

•• <50<50 >4.0 mR>4.0 mR

•• Underexposed:  Underexposed:  repeatrepeat

•• Underexposed: QC exceptionUnderexposed: QC exception

•• Underexposed: QC reviewUnderexposed: QC review

•• Acceptable rangeAcceptable range

•• Overexposed:  QC reviewOverexposed:  QC review

•• Overexposed:  QC exceptionOverexposed:  QC exception

•• Overexposed:  Overexposed:  repeatrepeat

S numberS number Inc.ExposureInc.Exposure IndicationIndication



Total # repeats = 1043   Total # repeats = 1043   
from Willis, RSNA 1996from Willis, RSNA 1996
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What should the manufacturers What should the manufacturers 
provide?provide?

•• A method toA method to visibly display visibly display thethe exposure estimate on exposure estimate on 
the image intuitively….. S number, Exposure Index, the image intuitively….. S number, Exposure Index, lgMlgM

•• Alert the technologist in some fashion (e.g., audibly) Alert the technologist in some fashion (e.g., audibly) 
when an out of range situation occurswhen an out of range situation occurs

•• Implement an exposure database, specific to a given Implement an exposure database, specific to a given 
examinationexamination

•• Interface to xInterface to x--ray systems to get kVp, mA, time data for ray systems to get kVp, mA, time data for 
determination of entrance exposuredetermination of entrance exposure



OutlineOutline

•• Digital radiography system overviewDigital radiography system overview
•• CR system functionCR system function
•• Image data acquisitionImage data acquisition
•• Image preImage pre-- and postand post--processingprocessing
•• Physicist role with CR implementationPhysicist role with CR implementation
•• Exposure indicatorsExposure indicators
•• CR Image quality: resolution, SNR, DQECR Image quality: resolution, SNR, DQE



Visual Detection of ObjectVisual Detection of Object

•• SNR (CNR) is xSNR (CNR) is x--ray quanta dependentray quanta dependent
•• Detection is determined by CNR and object sizeDetection is determined by CNR and object size

0Signal  N g∝ η0Signal  N g∝ η
2 2 2

0Variance,   N ( )q gg gσ σ∝ η +2 2 2
0Variance,   N ( )q gg gσ σ∝ η +

2
0 2 2
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1 g gσ+
2

0 2 2

1
SNR = N �
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k is threshold detection CNR = 3 to 5
k = SNR  d  C  

(circular object of diameter d and contrast C)
× ×

k is threshold detection CNR = 3 to 5
k = SNR  d  C  

(circular object of diameter d and contrast C)
× ×



Detective Quantum Efficiency (DQE)Detective Quantum Efficiency (DQE)Detective Quantum Efficiency (DQE)

•• A measure of the A measure of the information transfer efficiency information transfer efficiency of a of a 
detector systemdetector system

•• Dependent on:Dependent on:
–– Absorption efficiencyAbsorption efficiency
–– Conversion efficiencyConversion efficiency
–– Spatial resolution (MTF)Spatial resolution (MTF)
–– Conversion noiseConversion noise
–– Electronic noiseElectronic noise
–– Detector nonDetector non--uniformities / pattern noiseuniformities / pattern noise
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CR: DQE improvements will lead to CR: DQE improvements will lead to 
lower dose systemslower dose systems



SummarySummary

•• CR and DR are quickly replacing S/FCR and DR are quickly replacing S/F
•• CR must be considered as a “system” CR must be considered as a “system” 
•• Knowledge of system operation is crucialKnowledge of system operation is crucial
•• Technological advances will continueTechnological advances will continue
•• CR and DR are complementary CR and DR are complementary 

–– CR is flexible, cost effectiveCR is flexible, cost effective
–– DR is dose efficient, has high throughputDR is dose efficient, has high throughput


