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Fourier Sampling

rect(s) nel)

> .
F
Instead of sampling the + Sample
signal, we sample its Fourier
Transform
277 *
F-l LK A § I I | UK N )
T T 1 1 1 SR ML)

Thomas Liu, BE280A, UCSD, Fall 2006




Fourier Sampling

(1 /Ak,) comb(k, /Ak,)

U,

> x

Ak

X

1 k.
Gy(k,) = Glk)— comb(Nz )

X

X

-Gk, Sk, - nak,)

n=-%

- iG(nAkx)é(kx —nAk,)

n=-w

Thomas Liu, BE280A, UCSD, Fall 2006

Fourier Sampling -- Inverse Transform
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Fourier Sampling -- Inverse Transform
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Nyquist Condition
FOV (Field of View)
1/Ak,

To avoid overlap, 1/Ak, > FOV, or equivalently, Ak <1/FOV
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Aliasing
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FOV (Field of View)

1/4k,

Aliasing occurs when 1/Ak < FOV
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Intuitive view of Aliasing
FOV
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k,=1/FOV
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Aliasing Example
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2D Comb Function
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Scaled 2D Comb Function

comb(x/Ax,y/Ay) = comb(x /Ax)comb(y/Ay)

= AxAy i ié(x - mAx)d(y — nAy)

M=—0 f=—0
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1/Ak
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2D k-space sampling
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2D k-space sampling

g5(x.y) = F[Gy(k, k)]
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Nyquist Conditions

1/Aky> FOV,,
1/Aky> FOV,,

1/Ak,,
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Aliasing
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Windowing

Windowing the data in Fourier space

GW(kX’ky) - G(kX’ky )W(kX’ky)

Results in convolution of the object with the inverse
transform of the window

gw(xy) = g(xy)* w(x,y)

Thomas Liu, BE280A, UCSD, Fall 2006

Glk k) Ites‘r){lutlon Gl k IM(K k)
Xy Xy Xy Xy
50
100
150
200
250
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
gix.y) m(x,y) gix yrm(x,y)

50 100 150 200 250 50 100 150 200 250 50 100 150 200 250




Windowing Example

W(kx,kv)= rect( k, )rect a ]
, W W,
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=W, W, sinc(WkX x) sinC(Wk‘_ y)

w(x,y) =F"'

gw(x.y) = g(x,y) =W, W, sinc(WkAx)sinc(kay)
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Windowing Example
2(x.y) = [8(x) + 8(x = D]3(y)

2w (,) =[8Cx) + 80x = D]3(y) #4W, W, sinc(W, x)sinc(W, y)
=W, W, ([6(x) +0(x - 1)] * sinc(Wer)) sinc(Wk» y)

=W, W, (sinc(Wk\ x) + sinc(ka (x- 1))) sinc(Wk) y)
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Effective Width

1 ©
W, = mf_ww(x)dx

Example

w, = %f_isinc(Wkl x)dx

= F[sinc(Wk\ x)]‘
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=——rect
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Resolution and spatial frequency
With a window of width W, the highest spatial frequency is W, /2.

This corresponds to a spatial period of 2/W, .

ky
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L = Effective Width
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Sampling and Windowing
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Sampling and Windowing

Sampling and windowing the data in Fourier space

y

Gsw(k.wk,\-) = G(kx,ky) v lAk | comb( Alz ’AIZ | )rect( W,: ,W

Results in replication and convolution in object space.

"]

8sw (x,y) =W, kag(x,y) #xcomb(Ak x,Ak y)*#sinc(W, x)sinc(W, y)
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