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Spiral/Helical Fan-beam CTSpiral/Helical Fan-beam CT



Spiral/Helical Multi-slice/Cone-beam CTSpiral/Helical Multi-slice/Cone-beam CT
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To solve the long-object problem, a first level of 
improvement with respect to the 2D FBP algorithms 
was obtained by backprojecting the data in 3D, along 
the actual measurement rays. The prototype of this 
approach is the algorithm of Wang et al. 
Defrise, Noo, Kudo: A solution to the long-object problem in helical cone-beam 
tomography. Phys. Med. Biol. 45:623-643, 2000

Many advances in CB reconstruction have been made 
recently thanks to the quest for an attractive 
reconstruction method in helical CB tomography.
Pack, Noo, Clackdoyle: Cone-beam reconstruction using the backprojection of 
locally filtered projections. IEEE Trans. Medical Imaging 24:1-16, 2005

100M Multi-slice/Cone-beam CT Scans Annually
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Less Is Deeper
– Break through Tomographic Entanglement

Less Is Deeper
– Break through Tomographic Entanglement
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Ye YB, Yu HY, Wei YC, Wang G: General local reconstruction approach based on truncated 
Hilbert transform; International Journal of Biomedical Imaging, ID63634, 2007

Yu HY, Wang G: Compressive sensing based interior tomography. PMB 54:2791-2805, 2009 
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Less = Larger
– Interior Nano-CT
Less = Larger
– Interior Nano-CT
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Less = Faster
– Multi-source Interior (Stationary) CT

Less = Faster
– Multi-source Interior (Stationary) CT

Wang G, Yu HY, Ye YB: A scheme for multi-source interior tomography. Med. Phys. 
36:3575-3581, 2009

Wang G: The meaning of interior tomography. Proc. of ICASSP, 5764-5767, 2011
Ritman EL, Kinsey JH, Robb RA, Gilbert BK, Harris LD, Wood EH: Three-dimensional 

image of the heart, lungs, and circulatory. Science 210:273-280, 1980

Less =
Deeper understanding
Larger object
Less radiation dose
Finer image resolution
Wider dynamic range
… …
Faster imaging speed



Interior Tomography with Offset Detector Interior Tomography with Offset Detector 

Shamar KS, Gong H, Ghasemalizadeh O, Yu HY, Wang G, Cao GH: 
Interior micro-CT with an offset detector. To appear in Med. Phys., 2014
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A CT image for training Dictionary of 256 patches

Features Extracted as PatchesFeatures Extracted as Patches

Xu Q, Yu HY, Mou XQ, Zhang L, Wang G, Low-dose x-ray CT reconstruction via dictionary 
learning. IEEE Transactions on Medical Imaging 31:1682-1697, 2012



Dictionary-based ImagingDictionary-based Imaging

Dictionary Learning
Reconstruction
From 290 Views

Filtered 
Backprojection

From 1160 Views

Total Variation
Minimization

From 290 Views
Xu Q, Yu HY, Mou XQ, Zhang L, Wang G, Low-dose x-ray CT reconstruction via dictionary 

learning. IEEE Transactions on Medical Imaging 31:1682-1697, 2012



We model X as the sum of two matrices XL and XS

and enforce the following regularization

By our PRISM, we have

Remark: ||·||* is the nuclear norm for the rank regularization on XL; ||·||1 is the L1 norm
for the sparsity regularization on XS; ||·|| is a regularizing norm on the total image X

PRISM: Prior Rank, Intensity & Sparsity ModelPRISM: Prior Rank, Intensity & Sparsity Model

Gao H, Cai JF, Shen Z, Zhao H: Robust principle component analysis based four-dimensional 
computed tomography. Phys. Med. Biol. 56:3181–98, 2011

Gao H, Yu HY, Osher S, Wang G: Multi-energy CT based on a Prior Rank, Intensity and 
Sparsity Model (PRISM). Inverse Problems 27:115012 (22pp), 2011
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Generalized Interior Imaging PrincipleGeneralized Interior Imaging Principle
Version 1: Localized tomographic reconstruction needs
and only needs local data.

Version 2: Tomographic characterization can be performed
with the least amount of information.

Version 3: Tomographic imaging of an interior region of
interest (ROI) can be in principle exactly and stably
performed from a subset I of a dataset G where G contains
indirectly measured data sufficient for theoretically exact
and stable reconstruction over the whole support of an
object, and I contains and only contains those indirectly
measured data that directly involve the ROI.
Wang G, HY Yu: The meaning of interior tomography. Phys. Med. Biol. 58:R161–R186, 2013;
also the PMB Editor's Choice on http://medicalphysicsweb.org, 08/05/13
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Yu HY, Yang JS, Jiang M, Wang G: Interior SPECT- Exact and stable ROI reconstruction from 
uniformly attenuated local projections. Communications in Numerical Methods in Engineering 
DOI:10/1002/cnm.1206, 18 pages, 2008

Yang JS, Yu HY, Jiang M, Wang G: High order total variation minimization for interior tomography. 
Inverse Problems 26:1-29, 2010

Yang JS, Yu HY, Jiang M, Wang G: High order total variation minimization for interior SPECT. Inverse 
Problems. Accepted pending minor revisions
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• Localized Magnetic Field
• Focused RF Excitation
• Truly Interior Algorithms

Interior MRIInterior MRI



This image of human liver tumor
exhibits information only
Available in real-time with

This combined system


