
WIR SCHAFFEN WISSEN – HEUTE FÜR MORGEN

Anders Kaestner :: Paul Scherrer Institut

Introduction to Computed Tomography

Part II: Radiography and primitive computed tomography
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Learning objectives

Understand the image formation process for radiography.
Motivating the use of computed tomography.



Transmission image – the projection

A ray illuminates a semi-transparent medium

p(u,θ)

Detector array

Object

k(x,y)

Projection profile



Transmission imaging – Radiography

A ray penetrating a medium is attenuated according to
Beer-Lamberts law The intensity is attenuated in the medium
according to

I = I0e−
∫

L k(x ,y) dl

I - Intensity behind the sample
I0 - Incident intensity
k - Attenuation coefficient,

µ - Linear attenuation coefficient X-rays
Σ - Macroscopic cross-section for neutrons

L - Line through the sample.



Computing an attenuation image

From Beer-Lamberts law we get

p = − log

(
r − rDC

rOB − rDC

)
= − log


−

−

 =

p Normed projection
r Measured radiogram

rDC Dark current image (removes noise floor)
rOB Open beam image, measured I0

Each pixel represent the line integral
∫

L k(x)dx through the sample.



Generalized attenuation law 1D

Piecewise constant sample
Few discrete regions

I = I0 e−
∑N

i=1 ki xi

Continuous samples
Let xi = ∆x and ∆x → 0

I = I0 e−
∫

L k(x) dx



Different sources to illuminate the sample

X-rays

Photoelectric effect

Compton scattering

Electromagnetic radiation.

Interaction with the
electron shells.

Neutrons

Absorbtion

Scattering Transmission

Neutral particle beam.

Interaction with the
nucleus.



Attenuation coefficients

X-rays at 150keV
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Some attenuation examples for neutrons
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Neutron tomography of fist-sized
lead canon ball from the battle of
Bossworth (1485AD)



Limitation of the radiography
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Stereography

Use two projections at 90◦ to get depth information
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Back projecting 0  and 90

Provides some depth information
Still a lot of guessing



The solution is not unique

Single projection→ several solutions

Two projections→ several solutions

A unique solution would exist only for an infinite number
of noiseless continuous projections



What is tomography?

A method to capture three-dimensional images.
An indirect method using projections (radiograms) to
reconstruct the inner structure of a sample.
Free translation is slice imaging
from Greek:

Tomos – ’a section’ or ’a cutting’
Graph – write



History

1917 Radon developed the foundation for the
inversion required by tomography.

1956 Bracewell the relationships between
Fourier transform and Radon transform.

1963 First applications to medical tomography.
Kuhl obtained first backprojection.
Cormack applied Radon’s results to
radiograms.

1970 Publication of the first CT image.
1970-1973 Cormack & Hounsfield first CT scanner.

1979 Cormack & Hounsfield the Nobel prize
in Medicine.

J. Radon (1887–1956)

R. Bracewell
(1921–2007)

D Kuhn (1929–2017)

A. Cormack
(1924–1998)

Sir G.N. Hounsfield
(1919–2004)



Inspecting the sample from different views
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A first attempt to reconstruction: Algebraic solution

Observations

2 3 → 5
1 4 → 5
↓ ↓
3 7

Equation system
a11x1 + a12x2 = y1

a21x3 + a22x4 = y2

a11x1 + a21x3 = y3

a12x2 + a22x4 = y4
...

⇒ A x = y

Solve the equation system for x

Many equations, sparse matrix A, no unique solution...



A first attempt to reconstruction: Back-projection

1 projections 2 projections 4 projections

8 projections 16 projections 32 projections

The solution is too smooth. . . something is missing!!!



Summary

Radiography to inspect interiors of opaque objects.
Different sources and the attenuation law.
First motivating steps towards computed tomography.
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