O CAP January 3, 2021

Magnetic Resonance Imaging
Week 5; Lecture 10; Section 2: Encoding spatial information: 1

K. Long (k.long@imperial.ac.uk)
Department of Physics, Imperial College London/STFC
R. McLauchlan (ruth.mclauchlan@nhs.net)
Radiation Physics & Radiobiology Department, Imperial College Healthcare NHS Trust

K. Long & R. McLauchlan ND&MRI: Wk 5; Lctr 10; Sctn 2: Spatial encoding: 1 Centre for the Clinical Application of Particles

1/13


mailto:k.long@imperial.ac.uk
mailto:ruth.mclauchlan@nhs.net
https://www.imperial.ac.uk/clinical-application-of-particles/

Section 2

Encoding spatial information in k-space
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Encoding spatial information in k-space Encoding spacial information

Encoding spatial information into the net magnetisation

The basis is a 2D Fourier transform:
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Encoding spatial information in k-space Encoding spacial information

2D Fourier transformation

g3 o 2D image in “coordinate space”, x, y, presented in pixel grid

Field of view, FOV, in coordinate space:

(Xmax — Xmin; Ymax — )/rnin)

Pixel size (resolution):
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Encoding spatial information in k-space

2D Fourier transformation

Encoding spacial information

12 x 2D image in “k space”, ky, k,, presented in pixel grid
Ak, ~C 2
Field of view, FOV, in k space:
(kxmax — Kxmin, kymax - kymin)
k,
Pixel size (resolution):
ernax kxmin
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Encoding spatial information in k-space

2D Fourier transformation

Encoding spacial information

Transformation between resolution in coordinate-space and k-space representations
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Encoding spatial information in k-space Encoding spacial information

2D Fourier transformation

Define p(x, y) to be the intensity pixel-by-pixel in coordinate space.

2D Fourier transform from coordinate to k space is then:

Ymax Xmax
S (kx, ky) / / (x,y)exp (—i2mkx) exp (—i2mkyy) dxdy

Ymin min

where S(ky, k) is the intensity pixel-by-pixel in k space

Inverse Fourier transform takes k-space intensity map to coordinate-space intensity map:

kymax kxmax
p(x,y) / / S (kx, ky) exp (i2mkyx) exp (i2mky y) dkydk,

y min X min
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Encoding spatial information in k-space Encoding spacial information

Example one: a single dot
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Encoding spatial information in k-space Encoding spacial information

Example two: three dots
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Encoding spatial information in k-space Encoding spacial information

Example three: Square in centre of field of view
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Encoding spatial information in k-space
Example three: Abraham Lincoln

Encoding spacial information
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Encoding spatial information in k-space Encoding spacial information

Example three: Abraham Lincoln

(a) k-space image of (b) coordinate-space image of
head head

Challenge: record k-space image using NMR signals
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Encoding spatial information in k-space ~ Summary of section 2

Summary of section 2

Intensity distribution in “coordinate space” (p(x,y)) mapped using a Fourier transform onto
intensity distribution in “k"-space (S(k, ky))

Signals generated in MRI scan recorded in k-space; coordinate space image obtained by

inverse Fourier transform
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