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Impulse lines and line-integrals

A sample @x=0

In 1D 00
/ f(@)8(x)dz = £(0)
In 2D

/ f(x,y)o(x)dx = f(0,y) g@ajcl;osssection

Line Integral dx

/Z /Z fay)o(a)dy = / Z 1(0,y)dy

Integral of the 1D
cross-section @x=0
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Impulse lines and line-integrals
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/1y f(@,y)d(x)de = f(0,y) =N(y) [dy_L Ty
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/dy flz,y)d(x — 1)dz = f(1,y) = N(2y)
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=0.5

what about line integral with o(z-u)?

Line Integral and Projection
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General Projections

p(pﬁ):/ / f(z,y)6(p — x cos O — ysinb)dxdy

ine integral
’ N\
\\

projection x-ray

Many Projections - Tomography
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Radon Transform

p(0.0)= [ [ F)io - cost — ysing)dzdy

»(p,0) ,

Radon Transform: Sinogram

+ Also called Sinogram
* Impulse = Sinusoid

p(p,0)
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Computed Tomography

cross-section

Sinogram

X-ray source

Projection Slice Theorem (Bracewell)

sine
Fip{p(p,0)} = F(pcosh, pcosh)
fz i F(fur fy)
[’\ TN
// N
NY x
p(p,0) = p(x) ID FT o)
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Projection Slice Theorem (Bracewell)

sine

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

fz,y) F(fa fy)

F(pcosb, pcost

p(p,@)/\h ID FT

Projection Slice Theorem (Bracewell)

sine

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

fz,y) F(fa: fy)

F(pcosb, pcos

p(p,@)/\h ID FT
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Projection Slice Theorem (Bracewell)
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Partly Discrete Reconstruction

* Let’s assume continuous angle ©,
discrete py

flx

|e

F(kg, Ky) K=

o
Bl
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Partly Discrete Reconstruction

* Let’s assume continuous angle ©,
discrete py

fx

|

F(kg, Ky)

Reconstruction From Polar Coordinates

27rj(n$n+r<;ym)dl{m d"fy

fTnym] :/ /

0.5
/ F(P, 9)6271']'(,0 cos(f)n+psin(0)m) |p|dpd9
0

+ Polar frequency data must be multiplied by Ipl
+ Also called a rho filter
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Discrete Reconstruction

* Let’s assume discrete angle ©m, discrete p

Y F(kg, Ky) K= %

"

[\]

fx

Discrete Reconstruction

* Let’s assume discrete angle ©m, discrete p

2
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Filtered Back Projection

* Replace integrals with sums. Sum over
radius and angle

+ Define a (filtered) backprojection:

(N/2)—1
Cam [nw’ 'ny} _ Z F[], am]e%rj(l/N c08(0m )1z +1/N sin(b., )ny) |]/N‘
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Example Convolution Back Projection

(N/2)-1
"For®=0  cp,n)= S FlLO)/NE2IN )

I=—N/2

N

& A back
e e L proj.
E Rho I
g Mot L |FFT W '

FI1,0]L/N| —

Example Convolution Back Projection

(N/2)-1
» For ©=1/2 Cﬂ/Q[nx7ny] — Z F[l,ﬂ/2]|l/N|62ﬂj(l/Nny)

I=—N/2
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Convolution Back Projection

Filtered Back Projection

Back projection Filtered Back projection
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How Many Projections?

FOV

How Many Projections?

256 Proj. 128 Proj
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Fan Beam CT

+ Single Source
* Many detectors

* How to reconstruct?

Fan Beam CT

+ Single Source
* Many detectors

* How to reconstruct?

* Re-binning!
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Fan Beam CT

+ Single Source
* Many detectors

* How to reconstruct?

* Re-binning!
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