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Introduction to MRI
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Example:  Interventional MRI

Real-time reconstruction is 

necessary to provide feedback 

to surgeon



MRI data in Fourier Space

¸ Ignoring several effects, MRI image and 

signal are a Fourier transform pair

noise

true image

data samples

Fourier kernel
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Discretization

¸ Infinite dimensional variables are 

inconvenient for computation

Finite dimensional 

image representation

voxel basis function

Integral equation

Matrix equation
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Very Large Matrix Equations

¸Typical 2D images: N of ɟ=256x256

¸Typical 3D images: N of ɟ=256x256x256

If thinking in megapixels ïthis is a low res camera

F Matrix entries are complex floats, so storage of matrix 

(single precision):

2D:   dimension of F is (256X256)2 ~ 34 GB

3D:   (256X256X256)2 ~ 2 PB
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¸Discretized Inverse Fourier Integral

¸Data sampled on a rectilinear grid

¸Noncartesian data

¸Regularized Inverse Problem

Solutions often derived by solving one or more 

matrix inversions, e.g., ( )
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Reconstructing Fourier Data

Conjugate Phase 

Reconstruction

Gridding 

Reconstruction

7X-10X 

speedup

6X 

speedup

28X 

speedup

11X 

speedup

Toeplitz 

Structure

Often 

sparse
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