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Topics Today

 Projection-slice theorem

 Interlaced Fourier transform



Projection-Slice Theorem 

 Also known as Central-Slice Theorem

 A property of the Fourier transform

 Relates the projection data in the spatial domain to the 

frequency domain

 States that the 1D Fourier transform of the projection of 

an image at an angle  is equal to the slice of the 2D 

Fourier transform at the same angle
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Projection-Slice Theorem 

 2D Fourier transformation:

 The slice of the 2D Fourier transform at kx=0 is given by: 

and at ky=0 is given by 
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0 45 90

Projection-Slice Theorem 

 For a general angle, the rotation property of the Fourier 

transformation can be used to generalize the 

mathematical result for a vertical projection to any angle



Projection-Slice Theorem: 

Application to CT

 The projection data can be shown to correspond to 

radial sampling of the frequency domain

 It is not straightforward to numerically compute the 

image from this frequency domain representation

 Limitation of the DFT to uniform sampled data

 Interpolation can be used in the frequency domain to re-

grid the radial sampling to uniform sampling



Projection-Slice Theorem: 

Application to MRI

 Navigator echo motion estimation

 Acquire a single k-space line in the middle to estimation linear 

translation in this direction

 Early MRI reconstruction based on backprojection

algorithms



Interlaced Fourier Transform

 A special case of nonuniform Fourier transform



Interlaced Fourier Transform

 Mathematical formulation



Interlaced Fourier Transform



Shepp-Logan Phantom

 Numerical phantom used to simulate the human head to 

evaluate reconstruction algorithms in computed 

tomography



Shepp-Logan Phantom



Shepp-Logan Phantom: 3D



Shepp-Logan Phantom: k-Space

 Using the known Fourier transformation of the Shepp-

Logan phantom components (circles and ellipses), one can 

generate the analytical form of its Fourier transformation

 Can be sampled arbitrarily to generate uniformly or 

nonuniformly sampled data for close to real data generation

 Applications include radial sampling (e.g., CT and MRI), spiral 

and random sampling (MRI).

 This will be the standard for all evaluation procedures of 

image reconstruction methods.



Simulation of Medical Image Artifacts

 Motion artifacts in MRI and CT

 Different parts of k-space correspond to different subject 

positions 

 Can be simulated using Shepp-Logan phantom
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No Motion or 
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Exercise

 Write a program to verify the projection-slice theorem 

using a simple 2D phantom (e.g., a basic shape like a 

square).

 Perform interlaced sampling on a function of your choice 

with known analytical Fourier transform and verify the 

interlaced Fourier transform theorem.  

 Write a Matlab program to implement the analytical 

Shepp-Logan phantom and test it using sampling on a 

uniform grid.


