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A detector registers the primary radiological image and
converts it into a visible image

« The scatter component is considerably higher than the
primary — have to use the grid to reduce the scatter

Primary radiological image
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- The difference in attenuation coefficients between tissue,
fat, and bone is large enough to produce an image
» To resolve different soft tissues often need contrast media




Images with contrast media

« In nuclear medicine injected radioactive material
is imaged through detection of decay products

« In radiology contrast media having significantly
larger attenuation coefficients is used for soft
tissue visualization

« Liquid compounds containing iodine (Z=53, k-
edge=33.2keV) or barium (Z=56, k-edge 37.4keV)

— 1 mm iodine-filled artery reduces the photon fluence
through 13 cm soft tissue by > 60% for 90 kVp beam,
easily visible in the image

Diagnostic radiology modalities

« Screen-film radiography
* Fluoroscopy

« Digital radiography

« Computed tomography
* MRI

Do not utilize x-ray source
« Ultrasound }

Radiographic film

 Only a small fraction of x-rays (~2%) is
absorbed within a film
+ Film is sandwiched between two fluorescent
screens packed into a light-tight cassette
— Both front and back surfaces of the film contain
photosensitive emulsion
— Image is created with optical or UV photons
emitted from both screens

Radiographic film

/ /_ 1 Film characteristics:

Density

D= IOglo[%]

Gamma (resolution)

Dz — D1

Y2l
IOglO(XZ / Xl)

* After being developed and fixed the film is viewed in front of a lightbox;

transmitted brightness B is used to find density

« Characteristic (H&D after Hurter and Driffield) curves: density vs. exposure
« Film speed (sensitivity): the exposure required for D=1.0 above the

background (base + fog)

Image intensifier

» The main purpose is to increase the
brightness of an image

» Two processes are used:
— (1) minification, in which a given number of
light photons emanates from a smaller area
— (2) flux gain, where electrons accelerated by
high voltages produce more light as they strike
a fluorescent screen

« Convex fluorescent input screen, gain ~ 2000 to 3000
« Optical photons fall onto a photo-cathode, generating

Image intensifier

electrons (0.15 - 0.2 efficiency ratio)

« Electrons are accelerated and focused onto the output screen

(similar to the input, but with smaller phosphor granules)




Fluoroscopy

If transmitted x-rays are converted into optical
photons - images can be viewed in real time

Old days — used fluoroscopic screens, producing
very dim images

Image intensifier makes the image very bright, and
much easier to view and analyze

The brightness gain of image intensifiers varies
from 1000 to over 6000

Fluoroscopy

Fluoroscopic imaging chain

Grids

The scattered radiation spoils the radiograph

Scatter can be removed by a grid placed between
the film (detector) and the patient

The ability of the grid to discriminate against scatter
is measured by the grid ratio = h/d

« Use of grids increases the required exposure
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For Primary plus Scattered Radiation (F + 5) for X ray Beams
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Grids

a9 we * Parallel grid may produce
image cut-off

Focused grid requires
alignment with x-ray tube
Moving grid allows
complete removal of its
own image (traveling
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exposure time and pulses)

+ 10to 20 cm thick air gap
reduces the scatter

X-ray detector configurations

Indirect detection Direct detection

Scintillator )

aly: Photoconductor
Photodiodes | : Es (Electric field)
Signal detected: Signal detected:
optical photons f\ electron-hole pairs

< Typical configuration for high-energy x-rays is a two-stage
indirect detection

« Direct detection is more desirable: simpler, less signal spreading

Description of image quality
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Object spectrum

.

Frequency f =1/(2x)

Units of cycles/mm or Ip/mm

Small features correspond to

high frequencies

« All parameters characterizing
performance of a detector are
frequency-dependent

« Sample spacing and aperture

size limit the frequency range

.

LSF and MTF

o MTF(f)=FT{LSF(x)}
< Sharp line source is registered as a distribution of signal
with coordinate

« After FT is performed - obtain information on how all
frequencies are degraded by the system

Input signal Output LSF(x) Output MTF(f)

Line source s
FT
= —>
x=0 x=0
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Imaging system characterization: MTF

b Imaging device <l Output signg|

he syse
The output signal modulation is always less than the input value:
imaging always results in loss of information

Imaging system characterization: MTF

« Loss of modulation at higher frequencies (blurring)
« Any feature of detection system (slit, magnification, etc.) will be
translated into characteristic frequency in MTF plot

Noise power spectrum (NPS)

« The noise transfer properties: level and
correlation between neighboring pixels

 Synthesized slit technique: absorbed energy
distributions in separate slits are averaged and
analyzed using FT

Noise is correlated along high-energy
electron tracks

<
<

correlation len@th 0

Flood field source
Output NPS(f)

No noise correlation

detector

Detective quantum efficiency

« Imaging system is characterized by how well it
transmits the signal

 Parameter - Detective Quantum Efficiency

DQE=SNR;/SNR,

DQE(0) — corresponds to absorption efficiency

» DQE(f) — characterizes the ability of system to
image objects of different sizes




Detective quantum efficiency

« Putting it together:
— MTF(f)=FT{LSF(x)}
— NPS(f)=FT{Noise(x)}
— D - average energy deposited
— o — humber of incident photons per unit area

D2 [MTF(f)]?
do - NPS(f)

» The objective is always to maximize DQE

DQE(f) =

Computed tomography

* In a 2-D radiograph transmitted intensity

n
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« Values of z; and x; are not known
« If we take many images in the same plane,
at different angles, it is possible to find g
and x; and reconstruct a 3-D image

Computed tomography
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 An x-ray tube emitting a pencil-like beam is coupled to a
radiation detector

+ The two are moved together sot hat the head is scanned by
a series of a parallel x-rays as the translation takes place

« The fraction of radiation transmitted is stored for each ray

Computed tomography

+ Ray SD can be described by

two parameters: p and 6

Image is split into pixels

Path length through each pixel

contributes to the final ratio of

1o/1, with its own £; and x;

« A set of equations can be
solved to find all z; and x; and
reconstruct the original image

Computed tomography
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With development of each generation of CT scanners
— Scan time was drastically decreased
— The resolution was improved, artifacts eliminated
— Further generations: helical movement, detector arrays

CT image reconstruction

Even though a set of linear equations can in
principle be solved to find z; and x; for each pixel,
it is not practical

Instead image reconstruction algorithms are used
— Simple backprojection

— Filtered backprojection (convolution)

— Fourier transform

— Series expansion




CT image reconstruction

A+B=7
A+C=8
A+D=5
B+C=9
B+D=8
C+D=7

problem method salution

FIGURE 13.27. The mathematical problem pased by computed tomegraphic (CT)
reconstruction s to calculate image data (the pixel values—A, B, €, and D) from the
projection values (arrows). For the simple image of four pixels shown here, algebra
can be used Lo solve for the pixel values. With the six equations shown, Lsing sub
stitution of equations, the solution can be determined as illustrated. For the larger

of dinical CT, algebraic solutions become unfeasible, and filtered backpro-
Jection methods are used.

Bushberg, et al., The essential physics of medical imaging, 2" edition

« A modern CT image contains ~200,000 pixels; each of
800,000 projections represents an individual equation

CT image reconstruction

Figure 16-42. (a) Transmission profiles at §, and , for a rod of density 1.0 and diam
a, in air. (b) Ramachandran filier function. (c) Back projection of a for & = 0, 30,
90, 120, and 150 degrees giving a sta

Filtered backprojection (convolution) results in more
accurate image

« There is a number of different convolution functions used

Spatial resolution

TABLE 1-1. THE LIMITING SPATIAL RESOLUTIONS OF VARIOUS MEDICAL
IMAGING MODALITIES: THE RESOLUTION LEVELS ACHIEVED IN TYPICAL
CLINICAL USAGE OF THE MODALITY

Modality A (mm) Comments
Screen film radiography 0.08 Limited by focal spot and detector resolution
Digital radiography 017 Limited by size of detector elements
Fluoroscopy 0.125 Limited by detector and focal spot
Screen film mammography 0.03 Highest resolution modality in radiology
Digital mammography 0.05-0.10 Limited by size of detector elements
Computed tomography 0.4 About Y-mm pixels
Muclear medicine planar 7 Spatial resolution degrades substantially with
imaging distance from detector
single photon emission 7 Spatial resolution worst toward the center of
computed tomography cross-sectional image slice
Positron emission tomography 5 Better spatial resolution than with the other
nuclear imaging modalities
Magnetic resonance imaging 1.0 Resolution can improve at higher magnetic fields
Ultrasound imaging {5 MHz) 03 Limited by wavelength of sound

Bushberg et al., The essential physics of medical imaging, 2 edition




