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XCAT phantom

ü Vector-based image generation

ü Respiratory motion

ü Cardiac motion

ü Support various body conditions 

such as size, gender, etc.

ü Used for CT and PET (3D and 4D)

Segars, William Paul, et al. "Realistic CT simulation using the 4D 

XCAT phantom." Medical physics 35.8 (2008): 3800-3808.



Geometry of scanner

üHelical CT: whole-body

http://www.exxim-cc.com/

Free MATLAB Cone beam CT reconstruction code:

http://www.mathworks.com/matlabcentral/fileexchange/35548

üSlice rebinning for Helical CT 

Á 2D slice reconstruction

üCone-beam CT with flat detector: 

ÅDental, small animal, chest, brainé

3rd Generation

4th Generation

http://www.mathworks.com/matlabcentral/fileexchange/35548


Initialization

ü Requirements: Matlab + C compiler (OpenMP)

ü Two zip files are given

Å PhantomExample_WinterSchool2017.zip

Å PatientExample_WinterSchool2017.zip

ü Unzip ñPhantomExample_WinterSchool2017.zipò

ü Open ñMeasurementGen.mò and run (F5)

Å If you see error message, please run CompileWindows/Linux/Mac

Å C compiler is required for MEX compilation

ü If success, now you are ready

ü Provide ñprojectorò and ñbackprojectorò



Geometry parameter setting

ÅOpen ñParamSetting.m ò

nx

ny

nu

DSD

DSO

nview: # of projections



Measurement generation

ÅOpen ñMeasurementGen.m ò

projection to make a sinogram

ñi0ò is a blank scan value

ñpoissrndò function applies Poisson noise 
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Filtered back-projection (FBP)

ÅTwo files: ñfiltering.m ò, ñCTbackproj_fan.m ò

(1)(2)



Filtered back-projection (FBP)

ÅTwo files: ñfiltering.m ò, ñCTbackproj_fan.m ò

Inaccurate ramp filter makes DC offsets

 Digitalized ramp kernel is required



Filtered back-projection (FBP)

ÅTwo files: ñfiltering.m ò, ñCTbackproj_fan.m ò

Additional low-pass filtering can be 

applied to reduce noise

FFT Resolution-

based

Ramp kernel

×Solution



Iterative reconstruction

ÅWe define é

ïProjection: ═

ïBack -projection: ═╣

ὃὼ: y = CTproj_fan(x,param);

Input: image, Output: sinogram

ὃώ: x = CTbackproj_fan(y,param);

Input : sinogram, Output: image



SART

ÅSimultaneous algebraic reconstruction technique



SART

ÅSimultaneous algebraic reconstruction technique
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We can pre-calculate the normalization term
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SART

ÅSimultaneous algebraic reconstruction technique
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SART

ÅSimultaneous algebraic reconstruction technique
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SQS (separable quadratic surrogate)
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Erdogan, Hakan, and Jeffrey A. Fessler. "Ordered subsets algorithms for 

transmission tomography." Physics in medicine and biology 44.11 (1999): 2835.

Scatter and noise



SQS (separable quadratic surrogate)
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Erdogan, Hakan, and Jeffrey A. Fessler. "Ordered subsets algorithms for 

transmission tomography." Physics in medicine and biology 44.11 (1999): 2835.
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Pre-corrected

Scatter and noise

MLTR: maximum likelihood transmission



SQS (separable quadratic surrogate)

Erdogan, Hakan, and Jeffrey A. Fessler. "Ordered subsets algorithms for 

transmission tomography." Physics in medicine and biology 44.11 (1999): 2835.
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ὃώὃ: Pre-calculation

ὃὼ: Projection

ὃ ɇ: Backprojection of residual



SQS (separable quadratic surrogate)



Quadratic penalty
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Iterative recon + quadratic penalty
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üSART + quadratic penalty

üSQS + quadratic penalty
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SART with Quadratic penalty



SQS with Quadratic penalty



Metal artifact reduction flow chart

J. Choi,K. Kim, M. W. Kim,W. SeongandJ. C. Ye,SparsityDrivenMetalPartReconstructionfor Artifact

RemovalinDentalCT,JournalofX-rayScienceandTechnology,vol. 19, pp. 457-475, October2011.



Metal artifact reduction flow chart

K. Kim, J. C. Ye, G. E. Fakhri and Q. Li, Metal artifact reduction using l1 and non-local 

penalties with iterative sinogram correction, The Third International Conference on Image 

Formation in X-Ray Computed Tomography, Salt Lake City, Utah, USA, June, 2014



Metal artifact sinogram generation 



Initial FDK



Mask of metallic part



Sinogram inpainting

D. Garcia, ñRobust smoothing of gridded data in one and higher dimensions with missing values,ò 

Computational Statistics & Data Analysis, vol. 54, no. 4, pp. 1167ï1178, 2010.



Reconstruction of non-metal object




