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Physical configurations
Image acquisition and reconstruction

Handouts for this presentation available after RSNA at:
http://istar.jhu.edu/talks 
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Diversity of system platforms
Diversity of applications – from IGRT to diagnostic imaging

Spatial resolution, contrast resolution, …
Artifacts
Radiation dose

New systems and applications
Advanced imaging techniques
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Physical Configuration
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Det

*
Large-area detector (typically 25-43 cm)
2D projections (typically hundreds, circular orbit)
3-D Volume (from a single rotation)
Many, varied configurations / applications

Multi-Detector CT Open Gantry / Cone-Beam CT



~Typical Characteristics
Multi-Detector CT Open Gantry / Cone-Beam CT

X-ray Source High Power (100-240 kW)
Continuous mA

Lower Power (3-100 kW)
Pulsed mA

Detector 1-64 rows (up to 256-320 rows)
~few cm Z coverage (up to 16 cm)

>1024 – 2048 rows
>20 cm Z coverage

Acquisition Speed 
and Orbit

Fast
Circular / Helical
~3-5 rotations / sec

Fast table feed (>10-50 cm / sec)
(1000s of projections / rotation)

Slow
Circular (semi-circular) or Non-Circular

~1 rotation / 5-60 sec
No table motion

(100s of projections / rotation)

Image Quality Good
(bone + soft tissues)

(CE-enhanced scans; DE protocols)

Moderate
(CNR challenged by scatter)

(isotropic sub-mm spatial resolution)
(artifacts)

Applications Diagnostic Radiology
(some interventional)

Image-Guided Procedures
(specialty diagnostic applications)
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ConeCone-Cone-Beam System Geometry
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Cosine Weighting
(Feldkamp Weights)

u

v

Siewerdsen, Stayman, and Noo (Chapter 13 in Image Processing in Radiation Therapy, K. K. Brock, Ed, CRC Press 2013)

3D Filtered Back3D Filtered Back-3D Filtered Back-Projection
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3D Filtered Back3D Filtered Back-3D Filtered Back-Projection

Siewerdsen, Stayman, and Noo (Chapter 13 in Image Processing in Radiation Therapy, K. K. Brock, Ed, CRC Press 2013)

3D Back-Projection

# of voxels
# of projections

Repeat 
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IGRT Image-Guided Surgery ENT Breast MSK
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ImageImageImage-Guided Radiation Therapy (IGRT)Guided Radiation Therapy (IGRT)Guided Radiation Therapy (IGRT)

System Configurations and Applications



The AAPM Task Group 238
3D C-Arms with Volumetric Imaging Capability

Charge: Assessment of 3D C-Arm Cone Beam CT (CBCT) technology for applications in image-guided interventions. … 

… characteristics of 3D C-arm systems, quantitative metrics, sources of uncertainty, and quality assurance measures, 
including dose and image quality.
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Siewerdsen, Zbijewski, and Xu (Chapter 4 in Cone Beam Computed Tomography, C. Shaw, Ed, CRC Press 2014)
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Spatial ResolutionSpatial Resolution
Smallest discernible feature sizeSmallest discernible feature sizeSmallest discernible feature size
(in the absence of noise)

Governed by:Governed by:
Geometric calibrationGeometric calibration
Focal spot sizeFocal spot size
ScintillatorScintillator
Detector pixel sizeDetector pixel size
Reconstruction (smoothing filters)

Metrics:Metrics:
Qualitative (lineQualitative (line-Qualitative (line-pair patterns)Qualitative (lineQualitative (lineQualitative (line pair patterns)pair patterns)pair patterns)
Spread function width (PSF, ESF)Spread function width (PSF, ESF)
Modulation Transfer Function (MTF)Modulation Transfer Function (MTF)
Note
Modulation Transfer Function (MTF)
NoteNote: 
Modulation Transfer Function (MTF)Modulation Transfer Function (MTF)Modulation Transfer Function (MTF)
NoteNote: : shift variance / stationarityNote: shift variance / stationarityshift variance / stationarityshift variance / stationarity



shift variance / stationarityshift variance / stationarityshift variance / stationarity
 local
shift variance / stationarityshift variance / stationarity

locallocal approximations

Caveat:
locallocallocal approximationsapproximations local

Caveat:Caveat: nonlinear reconstruction / processing algorithmsCaveat:Caveat: nonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithms


nonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithms
 contrast

nonlinear reconstruction / processing algorithms
contrastcontrast-

nonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithms
contrastcontrast--dependent
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Siewerdsen, Zbijewski, and Xu (Chapter 4 in Cone Beam Computed Tomography, C. Shaw, Ed, CRC Press 2014)

Fo
ur

ie
r T

ra
ns

fo
rm

Basic 
Principles

CBCT
Systems

Imaging
Performance

Future
Directions

Spatial ResolutionSpatial Resolution
Smallest discernible feature sizeSmallest discernible feature sizeSmallest discernible feature size
(in the absence of noise)

Governed by:Governed by:
Geometric calibrationGeometric calibration
Focal spot sizeFocal spot size
ScintillatorScintillator
Detector pixel sizeDetector pixel size
Reconstruction (smoothing filters)

Metrics:Metrics:
Qualitative (lineQualitative (line-Qualitative (line-pair patterns)Qualitative (lineQualitative (lineQualitative (line pair patterns)pair patterns)pair patterns)
Spread function width (PSF, ESF)Spread function width (PSF, ESF)
Modulation Transfer Function (MTF)Modulation Transfer Function (MTF)
Note
Modulation Transfer Function (MTF)
NoteNote: 
Modulation Transfer Function (MTF)Modulation Transfer Function (MTF)Modulation Transfer Function (MTF)
NoteNote: : shift variance / stationarityNote: shift variance / stationarityshift variance / stationarityshift variance / stationarity



shift variance / stationarityshift variance / stationarityshift variance / stationarity
 local
shift variance / stationarityshift variance / stationarity

locallocal approximations

Caveat:
locallocallocal approximationsapproximations local

Caveat:Caveat: nonlinear reconstruction / processing algorithmsCaveat:Caveat: nonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithms


nonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithms
 contrast

nonlinear reconstruction / processing algorithms
contrastcontrast-

nonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithmsnonlinear reconstruction / processing algorithms
contrastcontrast--dependent



Contrast ResolutionContrast Resolution
Smallest discernible signal differenceSmallest discernible signal differenceSmallest discernible signal difference
(large stimulus)

Governed by:Governed by:
DoseDose
Electronic noise
X
Electronic noise
XX-
Electronic noiseElectronic noiseElectronic noise
XX--ray scatter

Metrics:Metrics:
ContrastContrast
Noise, NoiseNoise, Noise-Noise, Noise-Power SpectrumNoise, Noise
Note
Noise, Noise
NoteNote: 
Noise, NoiseNoise, NoiseNoise, Noise Power SpectrumPower SpectrumPower SpectrumNoise, NoiseNoise, Noise
NoteNote: : shift variance / stationarityNote: shift variance / stationarityshift variance / stationarityshift variance / stationarity



shift variance / stationarityshift variance / stationarityshift variance / stationarity
 local
shift variance / stationarityshift variance / stationarity

locallocal approximations
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Siewerdsen, Zbijewski, and Xu (Chapter 4 in Cone Beam Computed Tomography, C. Shaw, Ed, CRC Press 2014)
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Contrast ResolutionContrast Resolution
Smallest discernible signal differenceSmallest discernible signal differenceSmallest discernible signal difference
(large stimulus)

Governed by:Governed by:
DoseDose
Electronic noise
X
Electronic noise
XX-
Electronic noiseElectronic noiseElectronic noise
XX--ray scatter

Metrics:Metrics:
ContrastContrast
Noise, NoiseNoise, Noise-Noise, Noise-Power SpectrumNoise, Noise
Note
Noise, Noise
NoteNote: 
Noise, NoiseNoise, NoiseNoise, Noise Power SpectrumPower SpectrumPower SpectrumNoise, NoiseNoise, Noise
NoteNote: : shift variance / stationarityNote: shift variance / stationarityshift variance / stationarityshift variance / stationarity



shift variance / stationarityshift variance / stationarityshift variance / stationarity
 local
shift variance / stationarityshift variance / stationarity

locallocal approximations
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(A) Uncorrelated

(C) Mid-Pass

(B) Low-Pass

(D) High-Pass
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Contrast ResolutionContrast Resolution
Smallest discernible signal differenceSmallest discernible signal differenceSmallest discernible signal difference
(large stimulus)

Governed by:Governed by:
DoseDose
Electronic noise
X
Electronic noise
XX-
Electronic noiseElectronic noiseElectronic noise
XX--ray scatter

Metrics:Metrics:
ContrastContrast
Noise, NoiseNoise, Noise-Noise, Noise-Power SpectrumNoise, Noise
Note
Noise, Noise
NoteNote: 
Noise, NoiseNoise, NoiseNoise, Noise Power SpectrumPower SpectrumPower SpectrumNoise, NoiseNoise, Noise
NoteNote: : shift variance / stationarityNote: shift variance / stationarityshift variance / stationarityshift variance / stationarity



shift variance / stationarityshift variance / stationarityshift variance / stationarity
 local
shift variance / stationarityshift variance / stationarity

locallocal approximations
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𝑁𝑃𝑆 𝑓𝑥, 𝑓𝑦, 𝑓𝑧 =
𝑎𝑥𝑎𝑦𝑎𝑧
𝑁𝑥𝑁𝑦𝑁𝑧

𝐹𝑇 ∆ 𝑥, 𝑦, 𝑧 2

Contrast ResolutionContrast Resolution
Smallest discernible signal differenceSmallest discernible signal differenceSmallest discernible signal difference
(large stimulus)

Governed by:Governed by:
DoseDose
Electronic noise
X
Electronic noise
XX-
Electronic noiseElectronic noiseElectronic noise
XX--ray scatter

Metrics:Metrics:
ContrastContrast
Noise, NoiseNoise, Noise-Noise, Noise-Power SpectrumNoise, Noise
Note
Noise, Noise
NoteNote: 
Noise, NoiseNoise, NoiseNoise, Noise Power SpectrumPower SpectrumPower SpectrumNoise, NoiseNoise, Noise
NoteNote: : shift variance / stationarityNote: shift variance / stationarityshift variance / stationarityshift variance / stationarity



shift variance / stationarityshift variance / stationarityshift variance / stationarity
 local
shift variance / stationarityshift variance / stationarity

locallocal approximations
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TaskTask-Task-Based Imaging PerformanceBased Imaging PerformanceBased Imaging PerformanceBased Imaging Performance
Considers:Considers:Considers:Considers:Considers:Considers:Considers:
Fidelity of signal transfer (MTF)Fidelity of signal transfer (MTF)
Correlation of noise (NPS)Correlation of noise (NPS)
Spatial frequencies of interest (Spatial frequencies of interest (WWWtasktasktask)

Variations in Observer Model:Variations in Observer Model:
Prewhitening

Variations in Observer Model:Variations in Observer Model:
PrewhiteningPrewhitening (PW / 

Variations in Observer Model:Variations in Observer Model:
(PW / (PW / HotellingHotellingHotelling)PrewhiteningPrewhitening (PW / (PW / 

PW with eye filter (
HotellingHotelling(PW / (PW / Hotelling

PW with eye filter (PW with eye filter (PW with eye filter (PWEi
HotellingHotelling

PWEiPWEi)PW with eye filter (
Non
PW with eye filter (
NonNon-
PW with eye filter (PW with eye filter (PW with eye filter (
NonNon--prewhitening

PWEiPWEiPWEi)PW with eye filter (PW with eye filter (PWEi
prewhiteningprewhiteningprewhitening (NPW)NonNonNon prewhiteningprewhiteningprewhiteningprewhitening (NPW)(NPW)

Channelized Hoteling (CHO)

Useful for:Useful for:
ObserverObserverObserver-ObserverObserver--independent performanceObserverObserverObserver independent performanceindependent performanceindependent performance
System design, optimizationSystem design, optimization
Low
System design, optimization
LowLow-
System design, optimizationSystem design, optimizationSystem design, optimization
LowLow--dose performance 
System design, optimizationSystem design, optimization

dose performance dose performance limits

NoteNote: Note: linearity, shift variance / stationarityNote: linearity, shift variance / stationaritylinearity, shift variance / stationaritylinearity, shift variance / stationarity


linearity, shift variance / stationaritylinearity, shift variance / stationaritylinearity, shift variance / stationarity
 local
linearity, shift variance / stationaritylinearity, shift variance / stationarity

locallocal approximations

P. Prakash et al. Med Phys 2011
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TaskTask-Task-Based Imaging PerformanceBased Imaging PerformanceBased Imaging PerformanceBased Imaging Performance
Considers:Considers:Considers:Considers:Considers:Considers:Considers:
Fidelity of signal transfer (MTF)Fidelity of signal transfer (MTF)
Correlation of noise (NPS)Correlation of noise (NPS)
Spatial frequencies of interest (Spatial frequencies of interest (WWWtasktasktask)

Variations in Observer Model:Variations in Observer Model:
Prewhitening

Variations in Observer Model:Variations in Observer Model:
PrewhiteningPrewhitening (PW / 

Variations in Observer Model:Variations in Observer Model:
(PW / (PW / HotellingHotellingHotelling)PrewhiteningPrewhitening (PW / (PW / 

PW with eye filter (
HotellingHotelling(PW / (PW / Hotelling

PW with eye filter (PW with eye filter (PW with eye filter (PWEi
HotellingHotelling

PWEiPWEi)PW with eye filter (
Non
PW with eye filter (
NonNon-
PW with eye filter (PW with eye filter (PW with eye filter (
NonNon--prewhitening

PWEiPWEiPWEi)PW with eye filter (PW with eye filter (PWEi
prewhiteningprewhiteningprewhitening (NPW)NonNonNon prewhiteningprewhiteningprewhiteningprewhitening (NPW)(NPW)

Channelized Hoteling (CHO)

Useful for:Useful for:
ObserverObserverObserver-ObserverObserver--independent performanceObserverObserverObserver independent performanceindependent performanceindependent performance
System design, optimizationSystem design, optimization
Low
System design, optimization
LowLow-
System design, optimizationSystem design, optimizationSystem design, optimization
LowLow--dose performance 
System design, optimizationSystem design, optimization

dose performance dose performance limits

NoteNote: Note: linearity, shift variance / stationarityNote: linearity, shift variance / stationaritylinearity, shift variance / stationaritylinearity, shift variance / stationarity


linearity, shift variance / stationaritylinearity, shift variance / stationaritylinearity, shift variance / stationarity
 local
linearity, shift variance / stationaritylinearity, shift variance / stationarity

locallocal approximations

P. Prakash et al. Med Phys 2011
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TaskTask-Task-Based Imaging PerformanceBased Imaging PerformanceBased Imaging PerformanceBased Imaging Performance
Considers:Considers:Considers:Considers:Considers:Considers:Considers:
Fidelity of signal transfer (MTF)Fidelity of signal transfer (MTF)
Correlation of noise (NPS)Correlation of noise (NPS)
Spatial frequencies of interest (Spatial frequencies of interest (WWWtasktasktasktasktask)

Variations in Observer Model:Variations in Observer Model:
Prewhitening

Variations in Observer Model:Variations in Observer Model:
PrewhiteningPrewhitening (PW / 

Variations in Observer Model:Variations in Observer Model:
(PW / (PW / HotellingHotellingHotelling)PrewhiteningPrewhitening (PW / (PW / 

PW with eye filter (
HotellingHotelling(PW / (PW / Hotelling

PW with eye filter (PW with eye filter (PW with eye filter (PWEi
HotellingHotelling

PWEiPWEi)PW with eye filter (
Non
PW with eye filter (
NonNon-
PW with eye filter (PW with eye filter (PW with eye filter (
NonNon--prewhitening

PWEiPWEiPWEi)PW with eye filter (PW with eye filter (PWEi
prewhiteningprewhiteningprewhitening (NPW)NonNonNon prewhiteningprewhiteningprewhiteningprewhitening (NPW)(NPW)

Channelized Hoteling (CHO)

Useful for:Useful for:
ObserverObserverObserver-ObserverObserver--independent performanceObserverObserverObserver independent performanceindependent performanceindependent performance
System design, optimizationSystem design, optimization
Low
System design, optimization
LowLow-
System design, optimizationSystem design, optimizationSystem design, optimization
LowLow--dose performance 
System design, optimizationSystem design, optimization

dose performance dose performance limits

NoteNote: Note: linearity, shift variance / stationarityNote: linearity, shift variance / stationaritylinearity, shift variance / stationaritylinearity, shift variance / stationarity


linearity, shift variance / stationaritylinearity, shift variance / stationaritylinearity, shift variance / stationarity
 local
linearity, shift variance / stationaritylinearity, shift variance / stationarity

locallocal approximations

P. Prakash et al. Med Phys 2011

Basic 
Principles

CBCT
Systems

Imaging
Performance

Future
Directions



Basic 
Principles

CBCT
Systems

Imaging 
Performance

Future
Directions

Artifacts
Ring ArtifactsRing ArtifactsRing Artifacts

D
Ring ArtifactsRing ArtifactsRing ArtifactsRing Artifacts

DDefective pixel elementsDefective pixel elementsefective pixel elements
Geometric CalibrationGeometric Calibration

Irreproducible orbitIrreproducible orbit
Lateral 

Irreproducible orbitIrreproducible orbit
Lateral Lateral TruncationLateral Lateral TruncationTruncation

Limited detector FOVLimited detector FOV
Short Scan (<180Short Scan (<180Short Scan (<180o

Limited detector FOVLimited detector FOV
Short Scan (<180Short Scan (<180o+fan)Short Scan (<180Short Scan (<180Short Scan (<180 +fan)+fan)+fan)

Insufficient data, Parker weights
XX-

Insufficient data, Parker weightsInsufficient data, Parker weights
X--ray Scatterray Scatterray Scatterray Scatter

Large volumetric FOVLarge volumetric FOV
Beam HardeningBeam Hardening

(as with MDCT)(as with MDCT)
Image LagImage Lag

Residual signal from previous framesResidual signal from previous frames
Cone

Residual signal from previous frames
ConeCone-

Residual signal from previous framesResidual signal from previous framesResidual signal from previous frames
ConeCone--Beam ArtifactConeConeCone Beam ArtifactBeam ArtifactBeam Artifact

Circular orbit, divergent beamCircular orbit, divergent beam
Patient 

Circular orbit, divergent beamCircular orbit, divergent beam
Patient Patient MotionPatient Patient MotionMotion

Slow scan 
Motion

Slow scan Slow scan time



DosimetryDosimetry
See also:See also:See also:
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
AAPM Task Group 200 (
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
AAPM Task Group 200 (AAPM Task Group 200 (Bakalyar
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)

BakalyarBakalyar et al.)AAPM Task Group 200 (AAPM Task Group 200 (BakalyarBakalyar
Extended CTDI PhantomsExtended CTDI Phantoms
Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)
Long x
Longitudinal stack (3 cylinders ~45 cm)
Long xLong x-
Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)
Long xLong x--ray scatter tailsLong x

Point 
ray scatter tailsray scatter tailsray scatter tailsLong xLong xLong x

Point Point Dose MeasurementsPoint Point Dose MeasurementsDose Measurements
Farmer chamber (0.6 cmFarmer chamber (0.6 cmFarmer chamber (0.6 cm3

Dose Measurements
3 air volume)Farmer chamber (0.6 cm

Central dose (DCentral dose (DCentral dose (Do

Farmer chamber (0.6 cmFarmer chamber (0.6 cm
Central dose (DCentral dose (DCentral dose (D )Central dose (DCentral dose (DCentral dose (D
Peripheral dose (

o)
Peripheral dose (Peripheral dose (Peripheral dose (DDDDpDDD )Peripheral dose (Peripheral dose (DDDpp)

Short scans and object truncationShort scans and object truncation
Nonuniform

Short scans and object truncationShort scans and object truncation
NonuniformNonuniform dose distributions
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DosimetryDosimetry
See also:See also:See also:
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
AAPM Task Group 200 (
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
AAPM Task Group 200 (AAPM Task Group 200 (Bakalyar
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)

BakalyarBakalyar et al.)AAPM Task Group 200 (AAPM Task Group 200 (BakalyarBakalyar
Extended CTDI PhantomsExtended CTDI Phantoms
Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)
Long x
Longitudinal stack (3 cylinders ~45 cm)
Long xLong x-
Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)
Long xLong x--ray scatter tailsLong x

Point 
ray scatter tailsray scatter tailsray scatter tailsLong xLong xLong x

Point Point Dose MeasurementsPoint Point Dose MeasurementsDose Measurements
Farmer chamber (0.6 cmFarmer chamber (0.6 cmFarmer chamber (0.6 cm3

Dose Measurements
3 air volume)Farmer chamber (0.6 cm

Central dose (DCentral dose (DCentral dose (Do

Farmer chamber (0.6 cmFarmer chamber (0.6 cm
Central dose (DCentral dose (DCentral dose (D )Central dose (DCentral dose (DCentral dose (D
Peripheral dose (

o)
Peripheral dose (Peripheral dose (Peripheral dose (DDDDpDDD )Peripheral dose (Peripheral dose (DDDpp)

Short scans and object truncationShort scans and object truncation
Nonuniform

Short scans and object truncationShort scans and object truncation
NonuniformNonuniform dose distributions
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DosimetryDosimetry
See also:See also:See also:
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
AAPM Task Group 200 (
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
AAPM Task Group 200 (AAPM Task Group 200 (Bakalyar
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)

BakalyarBakalyar et al.)AAPM Task Group 200 (AAPM Task Group 200 (BakalyarBakalyar
Extended CTDI PhantomsExtended CTDI Phantoms
Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)
Long x
Longitudinal stack (3 cylinders ~45 cm)
Long xLong x-
Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)
Long xLong x--ray scatter tailsLong xLong xLong x ray scatter tailsray scatter tailsray scatter tails

Point Dose MeasurementsPoint Dose Measurements
Farmer chamber (0.6 cmFarmer chamber (0.6 cmFarmer chamber (0.6 cm3

Point Dose Measurements
3 air volume)Farmer chamber (0.6 cm

Central dose 
Farmer chamber (0.6 cm
Central dose Central dose (D(D(Do

Farmer chamber (0.6 cmFarmer chamber (0.6 cmFarmer chamber (0.6 cm
(D(D(D(D(D(D )Central dose Central dose (D(D

Peripheral dose 
(D(D(D

Peripheral dose Peripheral dose Peripheral dose Peripheral dose Peripheral dose Peripheral dose Peripheral dose (
o)

Peripheral dose Peripheral dose Peripheral dose (((DDDDpDDDDDD )Peripheral dose Peripheral dose Peripheral dose (DDDDpp)
Short scans and object truncationShort scans and object truncation
Nonuniform

Short scans and object truncationShort scans and object truncation
NonuniformNonuniform dose distributions

𝐷𝑤 =
1

3
𝐷0 +
2

3
𝐷𝑃

Basic 
Principles

CBCT
Systems

Imaging
Performance

Future
Directions

mGy

Half-scan (200◦)



DosimetryDosimetry
See also:See also:See also:
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
AAPM Task Group 200 (
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
AAPM Task Group 200 (AAPM Task Group 200 (Bakalyar
AAPM Task Group 111 (Dixon et al.)AAPM Task Group 111 (Dixon et al.)
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Long x
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Long xLong x-
Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)Longitudinal stack (3 cylinders ~45 cm)
Long xLong x--ray scatter tailsLong xLong xLong x ray scatter tailsray scatter tailsray scatter tails

Point Dose MeasurementsPoint Dose Measurements
Farmer chamber (0.6 cmFarmer chamber (0.6 cmFarmer chamber (0.6 cm3

Point Dose Measurements
3 air volume)Farmer chamber (0.6 cm

Central dose 
Farmer chamber (0.6 cm
Central dose Central dose (D(D(Do
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(D(D(D(D(D(D )Central dose Central dose (D(D

Peripheral dose 
(D(D(D

Peripheral dose Peripheral dose Peripheral dose Peripheral dose Peripheral dose Peripheral dose Peripheral dose (
o)
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Head Scanner (Prototype) J. Xu et al. Med Phys 2016

New SystemsNew Systems
and Acquisition Techniquesand Acquisition Techniques
Robotic gantryRobotic gantryRobotic gantry
Noncircular orbitsNoncircular orbits
Specialty systems (pointSpecialty systems (point-Specialty systems (point-ofofof-ofof-care)Specialty systems (point

New Detectors
CMOS, CMOS, Variable gain modesCMOS, CMOS, CMOS, CMOS, Variable gain modesVariable gain modesVariable gain modesVariable gain modes
Higher resolutionHigher resolution
Lower electronic noise

Improved Artifact CorrectionsImproved Artifact Corrections
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Penalty

Log-Likelihood
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𝟐𝝅 𝑹𝟐

𝑼𝟐 𝒙, 𝒚, 𝜽
𝒑′ 𝝃, 𝜽 ∗ 𝒌𝒓𝒂𝒎𝒑 𝝃 𝒅𝜽

Conventional MBIR
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FBP PLH

6.6 mGy
1.0 mm

2.1
13 s

3.3 mGy
1.0 mm

2.7
4 hr 19 s

Dose
Spatial Res. (ESF)

CNR
Recon Time

Wang et al. Med Wang et al. Med PhysPhys (2015)
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