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X-ray Computed Tomography

• An imaging modality that produces cross-sectional images 

• Images represent X-ray attenuation properties of the body

• Tomo (=slices) graphy (=to write)

• Use a thin x-ray beam, a set of lines is scanned covering the entire 
field of view.

• This process is repeated for a large number of angles, yielding line 
attenuation measurements for all possible angles and for all 
possible distances from the center.

• Based on all these measurements, the actual attenuation at each 
point of the scanned slice can be reconstructed. 

• Description of X-ray physics, production, and interactions NOT in 
this class. 



X-ray Computed Tomography

• History of CT starting in 1895

• Rontgen reported the discovery of what he 
called “a new kind of rays”

• Rontgen received the first Nobel prize in 
Physics in 1901

• Reconstruction of a function from its 
projections was first formulated by Radon 
in 1917



X-ray CT Scanner

The first CT scanner was developed by Godfrey N. Hounsfield in 1972.
Later A. M. Cormack worked on mathematical and experimental methods.
Hounsfield and Cormack shared the Nobel Prized in 1979. 











Basic Scanning in CT



Generations of X-ray CT















Spiral CT Scans





Parallel Beam CT



Parallel Beam CT



Attenuation Cofficients



Geometry Coordinate System



Computed Tomography:
Projection = Ray Sum

Parallel-beam geometry
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Ray-Sum

• f(x,y) represents the actual linear 
attenuation coefficient μ or μ(x,y)

• A X-ray or ray is theoretically a line with no 
width or cross-sectional area

• Each ray is best specified in terms of its 
own coordinate (r,Φ) 

• Φ is the angle of the ray with respect to 
the y axis 

• r is its distance from the origin



Computed Tomography:
Projection Data = Ray Sum
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Sinogram

Forward Problem (Project 4A)



A Single Dot and its Sinogram



CT Image of the Chest
Reconstruction (to be continued)

Inverse Problem (Project 4B & 4C)



CT Reconstruction

Inverse Problem (Project 4B & 4C)


