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Large-scale Parallel CT Medical Image
Reconstruction

m CT Technology
= [nvented by British Engineer G. Hounstield in 1971

® Principle: utilizes X-ray technology and computers to
create images of cross-section “slices” through the body

m Today’s
= CT scanners are fast and patient friendly
m Algorithms required for high performance

= High resolution CT data in both diagnosis and |
treatment. 3




Image Reconstruction Basis

m Analytic Algorithms (Filtered Back-
Projection, FBP)
= Bfficient computation
#m Predominant in commercial market
m Sensitive to noise, inaccurate projection data

m [terative Algorithms (ART, EM)

® Tremendous computation and easy implementation

m High-quality reconstructed image from noisy or low-
dose and incomplete projection data

= Weight or penalty functions to redeem the loss of
project data




Kasevitch Algorithm
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Parallel Katsevich Algorithm

m Parallel implementations

PE’s Initialization

!

Projection Data Generation/Distribution

(—

Projection Data Filtration

=

Projection Data Gathering and Distribution

=

Backprojection

—

Gathering Reconstructed Data on Root PE

U

PE’s Finalization

Projection Filtered Reconstructed
data data data

-
Filtering stage Backprojection stage

parallel reconstruction process




TeraGrid-NCSA
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Parallel Katsevich Algorithm

m Scalability study (Ni et al., 20006)
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Parallel Iterative Algorithms

m [terative methods (suitable for clinic use)

m Algebraic Reconstruction Technique (ART-like
algorithms)

m Simultaneous Iterative Reconstruction Technique (SIRT)

m Simultaneous ART (SART)
m Statistical Reconstruction (Expectation Maximization,
EM-Like algorithms)

m Maximum Likelthood — EM (MLEM)
m Ordered Subset —EM (OSEM)




Parallel Implantations

® Deployed the parallel iterative algorithms
on

= [inux cluster
= Windows compute cluster
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Grid-based Medical Imaging

m Using Grid technologies to develop
Medical Imaging Grid
m Web Services
m Data Grid

| Heterogeneous Computation rESOuUrces

® Medical Imaging Informatics




Acknowledgements

B Sponsors

= UI Office of VP-Research (Internal Fund)
= Ul Hospital and Department of Radiology
m Ul Information Technology Services

= NSF

= NIH

= GE

= SCIMENS

= Intel

B Microsoft




Thanks!

Q&A



	Medical Imaging High Performance Computing
	Large-scale Parallel CT Medical Image Reconstruction
	Image Reconstruction Basis
	Kasevitch Algorithm
	Parallel Katsevich Algorithm
	Parallel Katsevich Algorithm
	Parallel Iterative Algorithms
	Parallel Implantations
	Grid-based Medical Imaging 
	Acknowledgements
	Thanks!��Q&A

