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RADIOGRAPHIC SENSITIZED
MATERIALS EVALUATION

H

* Test new image registration system
(strictly connected with progress in Radiology)

** Purchasing criteria

FUNDAMENTAL PHYSICAL PARAMETERS
WHICH DETERMINE THE QUALITY OF

A FILM -SCREEN SYSTEM

Characteristic curve

* IMAGE QUALI Spatial resolution

Noise

** PATIENT DOSE  Senslitivity

——



CHARACTERISTIC CURVE

40r : SENSITIVITY

The reciprocal of exposure required to
obtaln an optical density of 1 (above the

base plus fog level)
NOTE
s 16 5 T it Is commonily used the parameter SPEED
LOG RELATIVE EXPOSURE instead of sensitivily:

Sensitivity(mR) = 128 / Speed
CONTRAST = 1°Derlvative of characteristic curve

LATITUDE = E - E

AVERAGE CONTRAST =___1.75
LogE,'- !og%




SPATIAL RESOLUTION

Spatial resolution means the &ablmy of a
receptor to reproduce small size, high
contrast detall.

If the system Is Isoplanar and linear
MTF (Modulation Transfer Function)

is the parameter'most commonly used to
describe the spatial resolution.
it Is a monodimensional function which

represents the contrast dependence on spatlal

frequency.

NOISE

QUANTUM NOISE
local statistical variation In the number of x-ray photons

STRUCTURAL NOISE
not uniformity size of grains of the screen and of the film

INTRINSIC NOISE
flim granularity

OTHER SOURCES NOISE
manufactoring and developing process

* INCOMPLETE DESCRIPTION standard deviation

* DETAILED ANALYSIS Wiener spectrum



IMAGE QUALITY :

SYNTHESIS OF VARIOUS PHYSICAL CHARACTERISTICS
(non mutually independendent)

'

SINGLE QUALITY INDEX

* Dlagnostic accuracy: measure of visual image quality

MODEL

P

Displayed Perceived

The displayed stalistical decision theory model SNR%g AD
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Global quality (“the technologicat level")
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Bid specification and purchasing criteria
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CHARACTERISTIC CURVE

SHAPE depends on: intrinsic propriety of the film
developing conditions

does not depends on light emission spectra of the screen

ABSOLUTE POSITION (sensitivity) depends on the radiant energy
absorbed by the film

METHOD FOR OBTAINING THE CURVE
/ /\

Sensitometer Direct x-ray exposure

SENSITOMETER
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easy useful only to obtain the shape

quick

(QUALITY CONTROL OF DEVELOPING PROCESS)



DIRECT X-RAY EXPOSURE

TIMING SCALE

INTENSITY SCALE: - metal step wedge

- bootstrap technique

- recording system placed at various
distance from the source

3.  LO DOSE SYSTEM

DENSITY
]

« Time Scale
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SPATIAL RESOLUTION

RESOLVING POWER

The ability of a photographic materia/ to mantain in the
developed image the separate identity of paraliel bars when their
relative displacement is small '
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UNSHARPNESS

ONE OBJECT WITH SHARP EDGES PRODUCES AN IMAGE WITH BLURRED EDGE
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FACTORS AFFECTING UNSHARPNESS :

- SIZE OF THE FOCAL SPOT
- MOTION OF THE OBJECT DURING EXPOSURE
- GEOMETRIC BLURRING

- BLURRING IN THE SCREEN-FIL.M COMBINATION

NSHARPNESY

RECEPTOR

g



BLURRING IN THE SCREEN-FILM COMBINATION

LIGHT SPREAD

When a2 screen-film combination is axposed to a narrow fine of X
rays , the resultant fluorescent light diffusss through the

screen and “defocusses” the image

LIGHT SPREAD IN A SCREEN

Magnified View |
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LIGHT SPREAD IN A SCREEN
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POINT SPREAD FUNCTION ( PSF)

liluminance versus distance function for the light wich spreads
from a point of X rays absorbed In the scresn

PSF

LINE SPREAD FUNCTION ( LSF)

The spatial distribution of lifuminance in the fiim plane
transverse to the X ray line

LINE SPREAD FUNCTION
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MODULATION TRANSFER FUNCTION ( MTF )

'ODULATION TRANSFER FACTOR

he ratio of the effective
xpostre modulation to the
1put exposure modulation

Modulation of Output Signal M

T = “Moduistion of input Signal M’

1 MTF specifies st sech apaliel
requency the freolion of lnput
noduletion which will be imaged

uTF( = MO
. M(0)

Modulation transfer factor

-
Effective sxposurs output

MODULATION TRANSFER

Spatial frequency

I
'

MEASUREMENT OF RESOLVING POWER
/\

SPATIAL DOMAIN

PSF
LSF

!

DISADVANTAGES

. Practical difficutties

in the measurement

. Function not mathematically
additive or multiplicative

FREQUENCY DOMAIN

MTF

l

ADVANTAGES

. Provide a compilete picture
of the resoiution.
Rapresent the ratio of
output ampiitude to the
Input ampiitucle when
a sinusoidal signal of
varying frequency is
passed through a given
transfer system

T——



MEASUREMENT OF MTF | USE OF BAR PATTERN TEST OBJECT

Difficulties to obtain a test object which glves

/\ TS sinusoldal Input exposure varlation

DIRECT MEASUREMENT OF FOURIER TRANSFORM
POI;T;D;C PATTERN TESY OF THE MEASURED LSF SQARE-WAVE RESPONSE FUNCTION (SWRF)
R e o ‘ Moduilation Transfer Factor of a square-wave response
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i Gives the mathematical raiationships between
‘ the SWRF and MTF
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FOURIER TRANSFORM OF THE LSF

MTF(u) = f LSF(x) cos 20Tux dx / / LSF(x) dx

COMPUTATIONAL METHODS
. THE SAMPLING THEQOREM
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THE EFFECT OF SAMPLING ON COMPUTED MTF

'Practicel suggestion :

MTF Error < 0.5% ——®= Sampling interval < 25% of the FWHM of the LSF
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QUANTITATIVE VALUES (ip/mm)

INSTRUMENTATION

q " o
e :
D Ve | 332
Comecs ) i ; —
:l i;‘;m !‘ N im
] (O [ ==
- I | S——— |
1
=] T -
v . |
i HP . : 1'
4 3“” 1 -t i
i a0 e ,i
Moo 15 : i
et 1




NOISE

The noisy apparence (RADIOGRAPHIC MOTTLE) of a uniformly exposed
X-Ray film s due to the spatial variation of the flim density

0.9 - A number of studles have demonsirated that the density D, as
08 ; measured with an speriure of ares A should foliow a Gaussian
or + ' distribution
os |
MTF o5 +
04 +
37T MEASURE OF RADIOGRAPHIC NOISE
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AUTOCORRELTION WIENER SPECTRUM
FUNCTION



AUTOCORRELATION FUNCTION WIENER SPECTRUM

FIRST ORDER STATISTICS

l — 2wi{xfy + yly, 2
d(fx.fy) = A [ L j AD(x,y) e~ 2™ixh+¥6) dxdy ] (6)

D = %U D(x,y) dxdy = f I [Dx;y) — DI dxdy

l
A = - the Wiener spectrum is the Fourier transform squared of the density
ﬂuctuatxons Wlule determining ¢&(fx,fy), an ensemble average should be taken in addition

Fo the space average indicated in Equation-
While D and o fully describe the statistical character of the |
" nolse, they do not teil us whether there Is any correlation

between density measured at different points

MEASUREMENT
|
HIGHER ORDER STATISTICS '
AUTOCORRELATION FUNCTION
10 em
l ] ' T ¥ T
CEm) = Y J; I AD(x,y) AD(x + [, y + =) dxdy i : : 3% E :
. '
it follows that | ::‘::d:t. Ju s 1oy
! Collectad per
C(0,0) = (:l‘2 ; Segmant 250
7 : Fourler Transform 250
the scale value of the autocorrelation function is simply equal . Data Polnts from Each Segmant

to the varlance
Determine Wiener Spectrum

Average 40 Wiener Spectra
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WIENER SPECTRUM

sxty) = 5 | [ ] aDtxyy e-rmenem axay I ©)

: - . the Wiener spectrum is the Fourier transform squared of the density
fluctuations. While determining ¢(fx,fy), an ensemble average should be taken in addition
to the space average indicated in Equation

MEASUREMENT
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