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TT Liv, BE280A, UCSD Fall 2004

Topics

* Review

* Filtered Backprojection
e Fan Beam

 Spiral CT

* Applications

TT Liv, BE280A, UCSD Fall 2004

Projections
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Projections
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Direct Inverse Approach

W Uy P, pi= U+ U, D I 1 0 Ofuw
P=Ust Uy (P |00 1 Tju,
U3 Yy P, p=WtUy  pa| [T O 1 0w
Ps= Upt Uy p] 101 0 Ifu,

P3 P4

4 equations, 4 unknowns.
Are these the correct equations to use?
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Direct Inverse Approach
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4 equations, 4 unknowns. These are linearly independent now.
In general for a NxN image, N? unknowns, N? equations.
This requires the inversion of a N>xN?matrix

For a high-resolution 512x512 image, N?=262144 equations.
Requires inversion of a 262144x262144 matrix!

Inversion process sensitive to measurement errors.
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Iterative Inverse Approach
Algebraic Reconstruction Technique (ART)
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Backprojection
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Backprojection

b(x,y) = B{ 17(1‘,9)}

y
= f; p(xcosB + ysin6,0)do
X
Xo
b(xy,y) = p(r,0=0)A0
= p(x,)A0
.
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Backprojection

b(x,y) = B{p(r,(?)}

= f; p(xcosB + ysin6,0)do
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Backprojection

b(x.y) = B{p(r.0)} = [ ; p(xcosO+ ysin6,0)do
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Projection Theorem
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Fourier Reconstruction
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Fourier Interpretation
N N

Density = —————— =
circumference 2n‘k‘
Low frequencies are
oversampled. So to
compensate for this,

multiply the k-space data

by Ikl before inverse
transforming.
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Polar Version of Inverse FT
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Filtered Backprojection
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Reconstruction Path

Projection
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Ram-Lak Filter
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a)=F[I]= [_Je”  dk  Not a realistic convolution kernel.
Ram-Lak Filter
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Reconstruction Path

Projection

F! Filtered Back-
Projection Project
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Example
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Additional Filtering

o
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Figure 5.12: (a) Hamming window with a =0.54 and Hanning window (dashed) with a = 0.5, (b)
Ramp fiter and its products with a Hamming window and o Hanning window (dashed).
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Sampling Requirements

How many detectors do we need?

How many angular views do we need?
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Number of Projections

128

Samples per projection
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Artifacts

Aliasing due to

Effect of Noise

Aliasing due to

insufficient insufficient
number of number of views
detectors
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Projection Aliasing
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Projection Aliasin
Aliased Alias
Image Component
(aliased image)-
(alias component)
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Sampling Requirements
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Sampling Requirements

@

Detectors
Ars As/2

Sampled |
Smooth ‘ ‘ ‘
Projection |
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Beamwidth of detector As
Sampling interval Ar

Requirement is Ars As/2
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Detector Sampling Requirements
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View Aliasing
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View Sampling Requirements

View Sampling -- how many views?

Basic idea is that to make the maximum angular
sampling the same as the projection sampling.

aFov _ Ar
NVIEWS
N iosa0 = # =aN,,, (for 360 degrees)
r

aN ..
N iwsis0 = 2""" (for 180 degrees)
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CT System Generations
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0.5 seconds /slice
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Fan Beam

—O=a+p
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Fan Beam
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Spiral CT

SPIRAL SCAN
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Interpolation

§ From hitp://www.sprawls.org/resources/CTIMG/classroom. htm
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Longitudinal Aliasing in Spiral CT

From hitp://www.sprawls.org/resources/CTIMG/classroom. htm
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Multislice CT
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CT Applications
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Virtual Colonoscopy
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