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Impulse lines and line-integrals

In 1D 5
/ f(:li‘)5(:v)dx — f(O) A sample @x=0
In 2D
f d . f(() ) 1D cross-section
o y L= Y @x=0
Line Integral 2

/_O:O /_O; flz,y)d(x)dy = /_O:O £(0,y)dy

Integral of the 1D
cross-section @x=0

M. Lustig, EECS UC Berkeley




Impulse lines and line-integrals
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what about line integral with o(x-u)?
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Line Integral and Projection

p) = [ [ rews-wdedy = [ sy
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General Projections

p(p, 6) = / / F(2,)8(p —  cos 6 — ysin ) dady

Line integral .
projection x-ray
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Many Projections - Tomography

[

http://www.youtube.com/watch?v=4gklQHM 19aY &feature=related
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Radon Transform

p(p, 6) / / F(2,)8(p —  cos 6 — ysin B)dardy
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Radon Transform: Sinogram

» Also called Sinogram

* Impulse = Sinusoid yit
. Db(p,0)
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Computed Tomography

Sinogram cross-section

X-ray source
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Projection Slice Theorem (Bracewell)

sine

Fin{p(p,0)} = F(pcosb, pcosb)

f(CE { d F(f:cafy) 1

Rv
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Projection Slice Theorem (Bracewell)

Fipip(p,0)} = F(pcosb, pcosb)
f(a:,y) < F(f:cafy) t

74

1D EFT F(pcosf, pcosb)

p(p; 9)/\_/\ )
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Projection Slice Theorem (Bracewell)

sine

Fin{p(p,0)} = F(pcosb, pcosb)
Y
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Projection Slice Theorem (Bracewell)

Proof (Hor @=O)
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Partly Discrete Reconstruction

» Let’s assume continuous angle ©,

discrete p W
[z} f F(Ka, ky) t =5
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Partly Discrete Reconstruction

» Let’s assume continuous angle ©,

discrete
f(z)1 Py Flfia by) = on
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Reconstruction From Polar Coordinates

fln,m]

/ / /fxa"{/y 27Tj(l<,mn—|—liym)dl{ d/fy

_ / / F(p, 9)627rj(p cos(0)n—+psin(6)m) |,0|d,0d9
0 J.05

» Polar frequency data must be multiplied by |pl

« Also called a rho filter
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Discrete Reconstruction

- Let’s assume discrete angle ©nm, discrete p

y F =
4 K — —
o s ) o
--------------- 50060660606——
DFT ;
Sq. ﬁ N
—O | Y ~ Pemﬂ]___‘“:‘,*;’i}\?‘, ........ QO

M. Lustig, EECS UC Berkeley




Discrete Reconstruction

- Let’s assume discrete angle ©nm, discrete p
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Filtered Back Projection

- Replace integrals with sums. Sum over
radius and angle

» Define a (filtered) backprojection:

(N/2)—1
o na:; ny _ Z I Z 0, 27Tj(l/N cos(Om )nz+1/N sin(0,,)ny) |Z/N|
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Example Convolution Back Projection

(N/2)—1
Colna,nyl = Y F[i,0]|i/N|e2mi/Nne)
I=—N/2

« For ©=0

back

Tproj.
| [ oy e
FL,0][1/N|
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Example Convolution Back Projection

(N/2)—1

» For ©=1v2 ¢, ,[n,,n,] = Z F[l,w/2]|l/N|e2™i(t/Nny)
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Convolution Back Projection
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Filtered Back Projection

Back projection

Filtered Back projection
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How Many Projections?

FOV
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How Many Projections?

64 Proj
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Fan Beam CT

- Single Source
- Many detectors

 How to reconstruct?
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Fan Beam CT

- Single Source
- Many detectors

 How to reconstruct?

* Re-binning!
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Fan Beam CT
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- Many detectors

 How to reconstruct?

* Re-binning!
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