Physics of MR I mage Acquisition

HST-583, Fall 2004

Overview of an MRI procedure
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Dynamics of the M agnetization

Fourier Transform concepts

Any signal can be fully described in two different perspectives:

We can go between these two domains with the Fourier Transform (FT)

Continuous FT:

Real measurements are discrete — discrete FT (DFT)

Fast FT (FFT): simplified discrete FT

Computgtion
required

Number of samples
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Fourier Transform concepts

Fourier Transform concepts: Spatial frequency

Real spaceimages K-Space images

2D FT

Modified from: http://homepages.inf.ed.ac.uk/rbf/HIPR2/fourier.htm
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Spatial Encoding in MRI

Three magnetic fields (generated by 3 coils)

9
While a linear gradient G is on, the resonance frequency
of spins becomes a linear function of spatial location:

HST.583

Spatial Encodingin MRI

Key concept:
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Slice Selection

How can | selectively excite magnetization from a 2D dlice?

This defines a profile of excitation frequencies

F(t) Time domain A(®) Frequency domain
FT

Only true square
frequency profile
if RF pulseisinfinitely long!

Slice center ®o-7Y (B(i + Gz ZO) Only spins within this slice will be excited

H H N because they have the right resonance
v
Slicethickness Ao _ ¥ (Bo + GZ Az) frequencies defined by the RF pulse.

Other spins don’t absorb energy.

Slice Selection: Schematic Representation

l‘ While the gradient is on,
V' excite only a band of
frequencies.

z

z

BW

(0]
Courtesy of L. Wald
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‘Pulse sequence’ so far

RF mf\w

“slice select” GZ /77

MR signal
from whole S(t)
Selected slice

Sample points

HST.583 Courtesy of L. Wald

Frequency Encoding

« After dice selection all spinsin the selected plane have the
same frequency and phase (a)

(b)
» The Fourier transform allows usto map from intensity of various
frequenciesto intendties at various locations. We have a the intensity
x-profile of our dice

(@)

63MHz 64MHz 65MHz
- L
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‘Pulse sequence’ so far

RF mf\w t

“slice select” G, / \J t

t

/
S(t) QMMMMMMMMM
wa‘JWWWWWUUUUUWW

“freq. encode” G,
(read-out)

Sample points t
N, sampling points

HST.583 Courtesy of L. Wald

More signal can be obtained:

RF

“slice select” G

“freq. encode” G

(read-out) ’ m

S(t)

- A A

. N, sampling points
Sample points
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‘Pulse sequence’ so far

RF J\w

“slice select” G, /77\

“freq. encode” G,
(read-out)

/ Gradient Echo

NIV

N, sampling points

S(1)

Sample points

Frequency Encoding

S Fourier
transform
time

gl Receiver bandwidth (bw,)

bw .

Sampling time 8t=1/ bw,,
N,: number of samples

Acquisition time (tyg):  taq = NSt = N/ bwo
+ Relevant parameters < Resolution (5x): 8x = FOV,/ N,
Field of view (FOV,): bw,. =y G, FOV,

HST.583
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We could have measured ‘exactly’
the same information differently:

RF J\w

“slice select” G, /77\

“freq. encode” G,
(read-out)

S(1)

Sample points

Let’s look at one arbitrary
sampled point in the MR signal

RF\

[

S()

A II\V{\VI\UAV_W
S(!) depends on net
nsrsss  dephasing during Same net dephasing

_

o
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We can do the same for
all Nx sampled points:

Z \
: G, #
Net zero dephasing
Net positive dephasing

We could have measured ‘exactly’
the same information differently:

RF J \F So

: L
N, sampling points

slice
time
Frod

select

phase @G
encode X

S(t)

(N

N, sampling points
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N, sampling points N, sampling points

Conventional spin-war p
MRI sequence

The signal we measureisin
gpatial frequency space (k-space)

HST.583
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Under standing k - space

High frequenciesonly  Fully sampled  Low frequencies only

K -Space: spatia frequency information of the image
- Center: low frequencies = globa festures, image intensity (C)
- Periphery: high frequencies = sharp features, edges (A)

Images from: http://thelonius.loni.ucla.edu/AM R/EPI Theor y.html

Review: spatial encoding

“Spin-warp” encoding mathematics
The signal phase at time t depends on the

accumulated phase from the read and phase
encoding gradients at that time

Aeread(t) =Y Gx Xt= Y X (az - al)

Aephase(t) =Y Gy yt=vyas

AB(t) =y G, xt+yGyyt

a, a, ag: Areas under gradient
HST.583 waveforms
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“Spin-warp” encoding mathematics

Courtesy of L. Wald

“Spin-warp” encoding mathematics

The “image” is the spin density function: p(x)

HST.583 Courtesy of L. Wald
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J { FOV, = matrix * Res,
<+

1/FOV,
Courtesy of L. Wald

Basic 3D Gradient Echo Sequence
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