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Advanced Recon ction Methods

Tend to be implicitly defined optimizers of an objective function

eg. F(my) AF(
F(my) A mF(y)|

Enforce similarity between modeled projections of an object estimate and the data
Typically solved through iterative approximation

fe=argmin F( ny)
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Fine control over regularization
Various kinds of regularization Which one?
Regularization strength How strong?
More exotic controls Space -variant designs?

Image Properties in Adv. Recon.

Image properties (e.g., noise and spatial resolution) are
Patient -dependent
Contrast -dependent
Position -dependent ( nonstationary /space -variant)
Object Noise in Statistical RecipeuictisBP Reconstruction
E T s

Image Properties Prediction

Accurate predictions of image quality will require anatomical knowledge

Increasing availability of anatomical information prior to scanning
Longitudinal studies
disease progression
treatment assessments
Interventional imaging
intraoperative imaging, IGRT
Scoutimages in CT
3D scouts, PA/lateral scouts
Anatomical atlases (statistical atlases)




PenalizedLikelihood Reconstruction
y=D{bexp( Am) Limy)=a ylogy( y-y( ¥
f=argmin F(ny) argmir( L-( m) /J+TR77)

Analysis is potentially difficult due implicit definition and nonlinearity
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Noise & Resolution Prediction in PL
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Local Modulation Transfer Functions

Patient Anatomy

Task-Based Detectability Index

Detectability Index for a NeRrewhiteningObserver
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Task-Driven Regularization

Prior Kno ge of
Patient Anatomy

Predict/Optimize
Detectability Index

Task Definition

Task-Driven Regularization Designd Optimal Strength

Low Frequency Task
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Task-Driven Regularizationd Multiple Locations
Low Frequency Task
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Task-Driven Regularization: Spacevariant Penalty

Low Frequency Task RW Y IxppEomRygatally varying map
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Task-Driven Regularization: Spacevariant Penalty

High Frequency Task RW Y IxpEomRgatally varying map
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Task-Based Regularization: Spac&ariant Penalty

Asymmetric Task RW Y IxppEomRgatally varying map
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Task-Based Regularization: Spac¥ariant Penalty
Asymmetric Task RW Y Ix\EomRsgabally varying map
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Task-Driven Geometry
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Task-based Optimization of Geometry

Detectability Index (NPW Observer) Predictors of Noise/Resolution for PLE

Spatial Resolution
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Task-Optimizated Trajectory

Standard Circular
Short Scan Trajectory




Reconstructions from Simulation Studie

Standard Circular Short Scan Trajectory

econstructed Interventional Cone-B e a m @l Mtg. Fully

Testbench Investigations

Anthropomorphic Head Phantom Modified CBCT Testbench
and Synthetic Vasculature with Tilt Platform

0%

Ability to step through entire embolization workflow
Initial CT for diagnosis and sizing of coils/stents
Intraoperative flouroscopy for coil embolization
Post-operative C-arm CT for assessment

Testbench Reconstructions

Preoperative Scan 360ACircular Scan
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