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X-rays
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X-ray imaging
• X-ray is a source of signal radiation flux.

• The primary diaphragm selects the X-ray beam.

• The X-ray signal is modulated by interaction with the displayed scene depending on the amount of attenuation.

• The secondary diaphragm suppresses scattered radiation.

• The summation image is created on an image detector.
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X-ray imaging
• Active X-ray wipes out the summation image.

• Information is lost in the display direction.

• Formation of the summation image - a common projection of the spatial distribution of attenuation in the direction of 
the X-ray beam.
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Summation image
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Types of X-rays
• Fluoroscopy (Skiascopy)

Technique to obtain permanently or periodically, sequences of lateral X-ray images and their simultaneous presentation
as visible images - displaying the dynamics of scene development - emphasis on time resolution and a small dose per
image - long study time.

• Projectional radiography (Skiagraphy)

Technique for obtaining and favorably processing information contained in a lateral X-ray image on the surface of an
image receptor. Display of a static scene, emphasis on the highest quality image - especially spatial and contrast
resolution.
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X-rays history
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X-rays history

12/01/22 Medical imaging systems X-ray 8



Fluoroscopy
• Direct - presentation of visible images in the radiation beam in the area of the image receptor, today it is not used due to 

the high load of radiation for the patient and the doctor.

• Indirect - presentation of visible images for the transmission of information so that they can be viewed in a space outside 
the X-ray beam.
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Projectional radiography
• A technique for obtaining information contained in a lateral X-ray image on a receptor surface 

• Used directly or indirectly.

• Spatial and contrast resolution.
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Multi Parametricity of the display process
• The image is created by partial absorption of X-rays in the tissues depending on their linear attenuation factor μ resp. μ / 

ρ (determines: atomic number, density, and X-ray spectrum) and thickness.
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Modulation dynamics
• In the projection image, a relatively small range of changes in X-ray attenuation in soft tissues modulates the resulting 

image also in a small range (changes cannot be identified by the eye) ⇒ low ability to differentiate soft tissues
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Tissue µ cm-1 for 60 keV

Bone 0.528

Blood 0.208

Gray matter 0.212

White matter 0.213

Cerebrospinal fluid 0.207

Water 0.206

Adipose tissue 0.185

Air 0.0004



X-rays tube
• With stationary electrode

• Filled with gas

• Vacuum

• With rotating anode

• Rotating anode

• Straton

• Rotating whole X-ray tube
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Construction of X-rays tube
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Construction of X-rays tube
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Construction of X-rays tube
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Construction of X-rays tube
• The construction of a modern rotating anode is multilayer. The base material of the disk determines the heat capacity of 

the anode.

• The active surface of the anode affects the yield of X-rays and heat dissipation into the base material.

• Modern anodes are rhenium-tungsten-molybdenum.

• Tungsten forms the active surface, rhenium increases heat dissipation from the active surface environment, molybdenum 
forms the basic material of the disk.

• The anode body has a diameter of 50 to 123 mm.

• The rotation speed of the anode is 3000 to 20,000 rpm.
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X-ray tube focus
• The thermal focus of the X-ray tube is formed by the surface of the anode, to which the kinetic energy of the electrons is

converted into heat and X-rays. Its area determines the size of the specific load of the anode.

• The electron focus is formed by the cross-sectional area of the electron beam in a direction parallel to the anode surface
in a position just before their impact on the anode.

• In an X-ray machine with a stationary anode, the electron and thermal focal points are identical; in the case of X-rays
with a rotating anode, the thermal focus is developed over the entire area of the section of the rotating cone (reduction
of the specific load).

• The optical focus is formed by the projection area of the electron focus in a plane perpendicular to the central beam of
the primary X-ray beam.

• For a given acquisition geometry of the imaging process (focus-scene distance and scene-image receptor), it determines
the limit achievable spatial resolution of the imaging process, the so-called geometric blur.
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X-ray tube focus
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Spectrum of X-rays
• The X-ray spectrum is given by the additive superposition of two spectra, which arise by different mechanisms:

• braking radiation spectrum

• characteristic radiation spectrum

• interactions with the atomic nucleus field (leading to so-called braking radiation)

• interactions with electrons (leading to so-called characteristic radiation).
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Braking radiation (Bremsstrahlung)
• By braking the electron after hitting the anode, the more intense and harder the

electromagnetic radiation, the sharper the braked

• the resulting flux of bremsstrahlung photons as a function of the current
through the X-ray tube.

• A small part (only approx. 1%) of the original kinetic energy of the incident
particle changes to braking radiation during braking in the fabric.

• Most of the energy, with multiple Coulomb scattering, is eventually transferred
to the kinetic energy of the atoms of the anode substance - it is converted into
heat.
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Characteristic X-rays emission
• The characteristic X-rays do not depend on the anode voltage, but are given by the

anode material - eg tungsten 59.3 + 67.2keV.

• The energy of the accelerated electrons is so high that they excite the anode atoms
by releasing electrons from the shell, from the shells close to the nucleus. Empty
layers are created in these layers, which are filled with electrons from higher layers
and at the same time eliminate X-rays. The radiation energy is given by the
difference in levels.
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X-ray interactions
• Interaction of the X-ray spectrum with the displayed scene

• internal photoelectric effect

• Compton scattering

• formation of ion pairs

• The probability of X-ray photon interference of some of
these phenomena depends on its energy E, the atomic
number of the material Z and its density.

• The coefficient that quantitatively evaluates the
attenuation of radiation in matter is called the linear
attenuation factor.
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Spectrum summary
• The choice of anode voltage changes

• total energy

• X-ray hardness

• Kinetic energy conversion efficiency

• By selecting the anode current, the total
radiant energy changes. flow
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HV generators
• The basic requirement for a high-voltage (HV) generator, from which the X-ray tube is supplied, is sufficient stability of

the anode voltage even at the maximum anode current, determined by the application requirements for X-ray ZS. This
stability of the HV source is evaluated by the so-called percentage ripple (ratio of the difference between the highest and
lowest value of the output voltage to the highest value expressed in%). Currently, several types of HV sources are
available:

• single-pulse (2kW)

• two-pulse (50kW)

• six-pulse (100kW)

• twelve-pulse (150kW)

• multipulse (100kW) - trend

12/01/22 Medical imaging systems X-ray 26



Setting X-ray parameters
• Anode voltage

• determines the maximum and mean energy of photons of the resulting X-rays, its "hardness".

• Anode current, exposure

• determines the intensity of X-rays emitted by the X-ray machine

• regulation by changing the heating of the cathode - the heating current and thus the temperature of the cathode
fiber
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X-ray exposure
• Total amount of X-rays photons

• It is given by the product of radiation intensity IX (photon fluence / s) and exposure time T - it is therefore
proportional to the product of anode current by X-ray [mA] and exposure time [s]: "milliampere-seconds" mA.s = Q,
which is the total charge or the electrical amount that passes through the X-ray during exposure
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Collimation and filtration
• Tube with apertures around the X-

ray tube

• Cover only the desired area

• Light localization system

• Filtration

• Soft radiation not diagnostically
usable

• Aluminum, copper plates
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Filtration – diaphragm
• geometric delimitation of the X-ray beam

• Behind the X-ray filter

• Al plates - soft absorption from.

• secondary diaphragm

• lattice formed by parallel absorbing lamellae (density, lattice ratio)

• Bucky-Potter diaphragm (approx. 10 slats / cm).

• Lysholm diaphragm (40-60 lamellae / cm)

• Smith diaphragm (density> 100 lamellae / cm).
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Secondary diaphragm
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X-ray detection
• Signal radiation detection:

• significantly affects the quality of the resulting image and the amount of radiant energy needed to create it.

• The basic requirements that are placed on the detector are:

• high efficiency of X-ray detection

• the highest achieved SNR ratio

• sufficiently fine structure of the detector material

• high response speed and low inertia of the detection process
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X-ray detection
• Signal radiation detection:

• decisively affects the quality of the resulting image and the amount of radiant energy needed to create it.

• The most common X-ray signal detector:

• photographic film (direct skiagraphy)

• luminescent layer - amplifying foils (combination of direct and indirect skiagraphy)

• luminescent layer showing phosphorescence - phosphor radiography (indirect skiagraphy)

• luminescent layer / screen in cooperation with the photocathode of the brightness amplifier image

• photoconductive layer (selenium) - FPD with direct conversion (indirect sciascopy / skiagraphy)
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Detectors
• Image intensifier

• Flat panel detector

• CT detectors

12/01/22 Medical imaging systems X-ray 34



Image intensifier
• Vacuum tube

• Scintillator and photocathode

• Focusing electrodes

• Impact on a small scitillator

• Shooting tv video camera
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Sensors
• Hydrogen-type television sensors

• CCD matrix sensors
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Flat Panel Detector (FPD)
• Solid state detector

• Indirect Conversion - Indirect digital
radiography

• Without scintillator - direct conversion
(direct digital radiography)

12/01/22 Medical imaging systems X-ray 37



Direct / indirect DR
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Advantages of FDP
• much more efficient use of working time

• the high price of film material is eliminated

• the influence of chemicals on the living and working environment is eliminated

• eliminates the high cost of X-ray brightness amplifiers

• eliminates the size and weight of the X-ray brightness amplifier

• the big advantage is the high linearity of the display process, large dynamic range and about twice the sensitivity
(compared to X-ray film);

• In general, the quality of the resulting image is improved for all application

• technology is expected to bring CAD (Computer Aided Diagnosis) closer to reality
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Exposure automation
• Exposure automation works on the principle of measuring exposure power in the area that is the center of diagnostic

interest, the so-called dominant area (defined by the surface area of the sensor used for measurement), such as
ionization chamber or photomultiplier.

• By integrating a control signal that is proportional to the current accumulated dose Dskut, information is obtained that

• compares with the predefined reference value Dref.

• This eliminates the need for the operator to manually adjust the electrical amount, which depends on the operator's
experience and the estimated X-ray attenuation of the displayed scene.
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Patient radiation exposure
• The absorbed radiation dose of D [mGy] X-rays during X-ray examination of a certain area of the body is basically given

by the product of the intensity of X-rays (determined by X-ray current [mA]), exposure time [s] and corresponding
coefficients: D = G. mAs. The coefficient G includes a number of factors, such as the efficiency of X-ray production by X-
rays, its energy given by the voltage [kV] for X-ray, filtration, distance, tissue absorption coefficients.
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Evaluation of X-ray imaging quality
• spatial resolution

• spatial variability / invariance

• time resolution

• linearity of image coordinate transmission

• linearity of positional coordinate transmission

• homogeneity, etc.
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Blurring due to scattered radiation
• Interfering effect of scattered radiation - blurring scattered by radiation Nr, can be reduced mainly by the primary

aperture (reduction of the field of view), filter, secondary aperture, enlarging the scanned object.
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Subtraction radiography
• Soft tissue imaging there are small differences in the absorption of X-rays by individual tissues, leading to low imaging

contrast and difficulty in distinguishing some structures.

• suitable contrast media

• Positive contrast agents - increase the absorption of X-rays

• Barium (barium sulphate), Iodine

• Negative contrast agents reducing X-ray absorption

• Gases, no longer used
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Subtraction radiography
• all soft tissues have approximately the same X-ray absorption (problem to distinguish),

• soft tissue X-ray imaging is always more difficult than, for example, bone,

• higher resolution - intravenous injection KL,

• intraarterial angiography - catheterization or intraarterial injection
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Subtraction radiography
• native image and images after application of contrast medium,

• the principle is based on subtraction (subtraction) of those structures that are identical in the native image and in the
images after PKL application,

• the result is an enhanced image of the bloodstream with less PKL than in the ear. angiogr.,

• allows higher accuracy of the examination while reducing the radiation dose in the patient,

• usually 80-100kVp (10-25mAs).
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Digital Subtraction Angiography (DSA)
• a basic digital image (background) obtained

before the KL application is taken,

• at the same sampling frequency, one or more
digital images are obtained after its
application,

• image matrix (512x512… 4096x4096),

• digital images are processed (filtered) and
subtracted.
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Image acquisition
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Description of individual phases
• pre-contrast phase - mask image (background),

• after the onset of PKL concentration,

• subtraction gives an image of the vascular bundle filled with contrast
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Example of DSA
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Thank you for your attention


