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What is X-Ray Computed Tomography (CT)?  

Å Considering a short definition CT, which is also referred to as 
CAT, for Computed Axial Tomography, utilizes X-ray 
technology and sophisticated instrumentation, sensors & 
computers to create images of cross-sectional ñslicesò through 
a body under analysis. 
 
Å CT exams and CAT scanning provide a quick overview of 
morphologies and its quantification (also those related to 
pathologies) and enable rapid analysis and plans for 
prognostics and support for decision maker.  
 
Å Tomography is a term that refers to the ability to view an 
anatomic section or slice  through the body. 
 
Å Anatomic cross sections are most commonly refers to 
transverse axial tomography 



What is displayed in CT images?  
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Some Words About the History of X-Ray 

Computed Tomography (CT) 

"We could limit the story of the beginnings of computed 

tomography to mentioning Cormack and Hounsfield, the 

authors of this groundbreaking invention, and to placing 

their achievements on a timeline, from Cormackôs 

theoretical idea in the late 1950s to Hounsfieldôs 

development of a practical device in the late 1970sñ 

 

 

Å Cormack developed the mathematical technique to 

reconstruct images using the backprojection 

method based on a finite number of projections 

[Cormack, 1963]; 

 

Å Hounsfield developed the first commercial 

tomograph [Housfield, 1973]. 

Cormack AM (1973) Reconstruction of densities from their projections, with applications in radiological physics. Phys Med Biol 18(2):195ï207. 

Hounsfield GN (1973) Computerized transverse axial scanning (tomography)ðpart 1. Description of the system. Br J Radiol 46:1016ï1022. 

Allan MacLeod Cormack 

Godfrey Newbold Hounsfield 



Radon, Johann (1917), "Über die Bestimmung von Funktionen durch ihre Integralwerte längs gewisser Mannigfaltigkeiten", Berichte über die Verhandlungen der Königlich-

Sächsischen Akademie der Wissenschaften zu Leipzig, Mathematisch-Physische Klasse [Reports on the proceedings of the Royal Saxonian Academy of Sciences at 

Leipzig, mathematical and physical section], Leipzig: Teubner (69): 262ï277; Translation: Radon, J.; Parks, P.C. (translator) (1986), "On the determination of functions from 

their integral values along certain manifolds", IEEE Transactions on Medical Imaging, 5 (4): 170ï176. 

Johann Karl August Radon 

In mathematics, the Radon transform is the integral 

transform which takes a function f defined on the plane 

to a function Rf defined on the space of lines in the 

plane, whose value at a particular line is equal to 

the line integral of the function over that line (introduced 

in 1917 and also provided a formula for the inverse 

transform). 

Å Radon (1887- 1956) presents the mathematical principles of a body 

reconstruction from their projections considering a space with order 

equal to n [Radon, 1917]; 



ÅCT uses electromagnetic wave, i.e., X-radiation.  

 

Michael Faraday (1791ï1867) 

observed the phenomenon of 

electromagnetism and in 1831 

formulated the laws of 

electromagnetic induction.  

Twenty-nine years later, in 1860, James 

Clark Maxwell (1831-1879), formulates the 

Maxwellôs equations, comprehensively 

expressed the ideas of electricity and 

magnetism, which led to the development 

of the later technologies of radio and 

television and of course, radiology. 



Wilhelm C. Röntgen  

Å Wilhelm Röntgen (1845-1923) was the first to systematically 

study the X-rays in 1895. 

Röntgen CW (1895) Uber eine neue Art von Strahlen. Vorläufige Mitteilung. 



The Nobel Prize in Physiology or Medicine 1979 

 



 Region of Interest (electromagnetic spectrum) for CT 



Introduction to the physical concepts of the 

tomographic process 

ÅThe bases of the X-ray transmission tomography are 

related to a narrow beam of monoenergetic photons 

with energy E and a flux of photons N0 passing through 

a homogeneous body of thickness x (in cm): 
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Å If the study body is a chemical component or a mixture, its 

mass attenuation coefficient can be roughly evaluated from 

the coefficients of the elements. 

Introduction to the physical concepts of the 

tomographic process 
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Introduction to the physical concepts of the 

tomographic process 

where wi is proportional to the weight of the ith constituent of 

the material. The mass attenuation coefficient of a component 

or mixture can be calculated from the mass attenuation 

coefficient of the components. 
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Introduction to the physical concepts of the 

tomographic process 

(Ca) 

 

This fact leads to a definition of the contrast in X-ray computed tomography, 

which is a function of the linear attenuation coefficient values 

 and the mapping process. 

The differences in linear attenuation coefficients for different 

materials are energy dependent. 
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The quality of a tomographic image is correlated to the work 
energy, as well as the physical characteristics of the samples or 
bodies under analysis (function of the chemical constituents). 

Introduction to the physical concepts of the 

tomographic process 



Noise (most significant) of the tomographic 

process - Poisson noise 

ÅThe probability of detecting N photons in an exposure time 

interval t can be estimated by the Poisson probability 

distribution function, given by:    

  

RtN x=0

Mean ratio of photons 

(photons/second) 
Quantum efficiency of 

the X-Ray detector 

0N=s

The uncertainty or noise is given by the standard deviation, given by: 



  

An event can occur 0, 1, 2, é times in an interval. The average number 

of events in an interval is designated l. It is the event rate, also called the 

rate parameter. The probability of observing k events in an interval is 

given by the equation: 

 where: 

¶ l is the average number of events per interval 

¶ e  is the number 2.71828... (Euler's number) the 

base of the natural logarithms 

¶ k takes values 0, 1, 2, é 

¶ k! = k × (k ī 1) × (k ī 2) × é × 2 × 1 is 

the factorial of k. 
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for a Poisson distribution 



 

 Sample scanning process 

Å Two-dimensional reconstruction 

algorithms use projections to 

reconstruct the tomographic 

sections; 

 

Å Projections are collected in the 

interval 

 

 

i.e., getting the Radon transform of 

the object; 

 

Å Through the inverse transform of 

Radon one can obtain the 

reconstructed image of the 

object, based on the attenuation 

coefficients 


