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RF pulse design




K-space analysis
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m 2-D spatially-selective excitation

m Spatial and spectral selective excitation



Review: RF Pulse




Review: Slice Selection

1. Choose a Ax slice.
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o I | 2. Correspond to Am.
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3. B, profile \/\/-\/\/



Review: In Practical,.....
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Bloch Equation
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s Small-tip-angle

s M, = M, = constant

m Neglecting relaxation

m Non-linear Bloch Equation
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= Path through spatial frequency domain
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Transverse Weighted
magnetization trajectory

m ¥ (k) : spatial weighting function
m S(k) :unit weight trajectory



Conventional excitation

m Without focused gradient
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Conventional excitation




Conventional excitation

m With refocused gradient
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Conventional excitation




2-D selective excitation

B g e 25 B A F 2
m Fourier transform = D(k)

m Select W(k), S(k)

s W(k)*S(k) ~ D(k)

m S(k) 2 G(t)

s W(k) & G(t) =2 B,(t)



K-space trajectory

. S(k)=| {5(k(z) K) \k(t)\} dt
m PR g R Bk

m Echo planarﬁ;

m Spiral 2%



Echo planar trajectory

With constant slow gradient ~ With blipped echo planar gradient



Spiral trajectory




Spiral trajectory

= k()= A(l—%) cos 27;’”
t 27t

k,(t)=A(- ?) sin 7

m | : pulse interval
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Design example

m Circularly symmetric Gaussian

— B (kj+k, )/ A7
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2-D selective excitation
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m Fourier transform - D(k)

m Select W(k), S(k)

m W(k)*S(k) ~ D(k)

m S(k) 2 G(t)

m W(k) & G(t) = B,(t)



m 7 (k) : spatial weighting function

B, (1)

7G(2)

m S(k) :unit weight trajectory
S(k)= [ o0 -1 k() d

W k(1)) =

= k(t)=—[ G(s)ds
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Gradient profile
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RF profile
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Simulation -- 30°




Simulation -- 90°




Pulse sequence




Phantom
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Some fresher images
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m Rieseberg et al. 2002







Spatial-spectral pulse
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K-space trajectory

m K-space
o kx-ky
m kz- kW
o k —Rj G(s)ds
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K-space trajectory

m Sinusoidal oscillation
G.(t)=GcosQ(t—T)

k()= RG Gin Qk,
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m M, i¥3B G ehRd
m Well, it's a long story ...
m 1 aom erwaveform i o
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m K-space trajectory
m G,'s frequency & amplitude
= Position of sidelobe
m RF envelope
= K-space weighting & slice profile
m Pulse length
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m EXxcite water, suppress fat

mAf X 4p £230Hzin1.5T

m \Water - main lobe

m Fat 2 null between_main lobe & 15t sidelobe
[1St sidelobe & 2" sidelobe

m G, frequency = 460Hz
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m Gaussian weighting
B G (1)=GceosQ(t-T)

B1 ( t) _ Ble—ﬂ[sinQ(t—T)/U]ze—ﬂ[(t—T/2)/V]2 cosO ( f_ T)
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= T T: transmission band

= G T : slice width 4
= U,V : slice profiles



Pulse sequence




Simulation




Sidelobes along w axis

B 5 2nB : even function
B +2n+1% : odd function




If shift iIs needed...
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= Frequency shift Ao > B, -e
= Spatial shift Az > B, -e"™"*




Experiment results
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bdominal images
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Inherently refocus pulse




Inherently refocus pulse




Simulation -- off resonance

m Half cycle off resonance
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