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Billedkvalitet :

Billedkvaliteten i et radiologisk billede afhaenger bl.a. af :
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BILLEDBEHANDLING
ALGORITMER

FILTRE

DISPLAY MONITORER
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Faktorer med betydning for kvaliteten af rantgenbilledet:
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Billeddannelse & kontrast :
Stralingsintensitet i detektor pixel (i,j):

I(i,j):N-g-E-eXp(—'[,u-dX)+S:P(1+S/P)

Kontrast C : I, I,
C = L, -1, _ exp((t4 —#,)-h) -1
| 1+S/P
_ exp(Au-h)—1 - Au-h . N .
1+S/P ~ 1+S/P
hvor: |, , |, = stralingsintensiteter v v

h = objektets tykkelse
M4 , M, = attenuationskoefficienter
S/P = forholdet mellem maengden af primaer straling P og maengden af

spredt straling S.



Billedkvalitet : Lavkontrast

Object Attenuation (Contrast) Eks.: Mammografi

Dy A ee) Forbedring af kontrast ved
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Signal difference to Noise Ratio SANR :
Sl _Sz

2 2
\/0-1 +0,

hvor: S, , S, = Signal Intensitet

SANR =

o, , 0, = Standard afvigelse ( "stgj” )
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Kontrast & dosis :
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Dynamikomrade :

Flat panel DR detektor ca. 10000 : 1

Dose [uGy]

Film — folie ca. 50 : 1

Film — folie :
Kontrasten i rgntgenbilledet

afhaenger af eksponeringsdosis.

Karakteristisk S - kurve, kontrast &
dosis for film-folie :

Optisk densitet OD = log“’(ll_oj

hvor | er stralingsintensiteten
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Billedkvalitet og dosis : S/[F & CR / Chest-fantom




Hgjkontrast oplgsning : o 0 U 00
Resolution Test Pattern ""
Resolution / hgjkontrast - "J ﬂ L E
oplgsning angives i —_——= =
lp/mm
Line Pair Test Phantom Section of a Star Pattern

Hajkontrast oplgsning i liniepar pr. millimeter :
Eks: d = 0,25 mm

Spatial frekvens f = il = |l =4
0,25mm
Antal liniepar pr. millimeter d <
liniepar <+«—>
1 1 1
=2Ip/mm — >

2.d  2-025mm _ 0.5mm

1 mm



Point Spread Funktion PSL : CR & DR detektorer
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PSF, LSF, ESF, MTF :

(A) Paint Stimulus (B) Isotropic PSF  (C) Non-Isotropic PSF

Contrasting Wire —]]

(D) Tomographic Image (E) PSF PSF LSF ESF

MTF = Modulation Transfer Function PSF = Point Spread Function

MTF kan bestemmes ud fra f.eks. LSP ved:
MTF(f) = | FT{ LSF(f) } |

hvor FT = Fourier Transformations operatoren.

LSF = Line Spread Function
ESP = Edge Spread Function



Modulation Transfer Function MTF :

Imaging system

y A y A
INPUT
w OUTPUT
max LIJ’max ..................
Wo i

VAN
LIJ’min
Wmin

v
—h

v
—h

Modulation Input: Modulation Output:
IVIIN a ( Wmax = Wmin )/ ( Wax + Whin ) IVIOUT = ( L|J‘max - l-|J‘min )/ ( L|J‘max + L|J‘min )



Modulation Transfer Function MTF :
Harmonisk balge : w(f) = yo + A- sin(k-f + @)

W(f) = belgens y-position ved den spatiale frekvens f
Wo = belgens middel y-position
A = bglgens amplitude
k = balgetallet
¢o = beg. frekvens

Modulation Input:
|VIIN = ( Wmax = Wmin ) / ( Wmax o Wmin )

Modulation Output:
|VIOUT a ( L|J‘max — L|J‘min ) / ( LIJ‘max g LIJ‘min )

Modulation Transfer Function :

MTF( f ) — I\I\//IIOUT((ff))

amplitude amplitude

amplitude

position

MTF(f) MTF(f)

MTF(f)

spatial frequency

Modulation Transfer Function
MTF(f) = | FT{ LSF(f) } |

Kurveforlgbet af MTF(f)
afhaenger af LSF funktionens
bredde (spredning)



Modulation Transfer Function MTF :

MTF ( f) = Mour (f)  (¥'max— ¥ 'min) /(¥ 'max+ ¥ min)
M, (f) (¥ max—¥ min) /(¥ max + ¥ min)
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MTF for digitale detektor systemer :

signal averaged 1.0 _21__\' a --I |*~
analog input ' a ]
[ - Rect Function
I /\ “ o6} sinc
N = i
a
/ \ = 04} v/_
, 1
A \..,wd" v B
fw 0.2 a=0.1mm
T PR ST R G W, [ ST I . |
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detectors Spatial Frequency (cycles/mm)

FT{nrecth}za-sinc(naf) , sinc(x)zsm)fx) . MTF(0)=1

a = pixel bredden, f = spatiale frekvens i mm-"



Hajkontrast oplgsning i liniepar pr. millimeter :

Eks.: A=0,25 mm
Spatial frekvens f = L = i — 4
0,25 mm
Antal liniepar pr. millimeter
L 1 1 1
liniepar <+—> = = =2Ilp/mm
1mm — 2-A 2'0,25mm O,Smm

MTF & Hgjkontrast :

MTF
MTF

Frequency (lp/mm) Frequency (lp/mm)



MTF for forskellige detektor systemer : DR, CR & S/F

Modulation
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Quantum Noise / Kvantestgj :

Image of Anatomy
(Ideal)

k‘ \1\‘ ‘ \‘

Quantum
Noise

Image of X-Ray Beam
(Noise)

Low Noise Medium Noise High Noise

For en Poisson fordelt stokastisk variabel
( antal fotoner N ) geelder :

Poisson Fordeling:

Antallet af producerede
rgntgenfotoner i rantgenraret falger
statistisk set en Poisson fordeling :

7
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P _ ” -2 x = stokastisk variabel

(X) Tyl A = middelveerdien af x
Spredning ~/N

Varians 02 =N



Quantum Noise & Dosis :

Signal to Noise Ratio SNR * Noise Power Spectrum NPS(f) :

SNR e / 1000
G , 500
"E 300
E 200
Quantum Detective Efficiency QDE : S
ﬁ 50
N Quantum Noise |
QDE — —abeorberet Detector Noise |
Nincident Electronic Noise T s
Frequency (cycles/mm)
Image Quality SNR :
SNRimage :\/ Ndetected :\/ QDE ) |\lincident
TABLE 10-1. EXAMPLES OF NOISE VERSUS PHOTONS
Noise (o) Relative Noise SNR
Photons/Pixel (N) (6 = VN) (c/N) (%) (N/o)
10 3.2 32 3.2
100 10 10 10
1,000 31.6 3.2 32
10,000 100 1.0 100
100,000 316.2 0.3 316

SNR, signal-to-noise ratio.



Billedkvalitet og billedstgj :

Stgj & hgjkontrast :

Stg] & lavkontrast :




Detective Quantum Efficiency DQE :

08 Sampling & Aliasing :
Flat detector (Csl)
L (. (S Flat detector (a-Se)
0.6 4 el detector elements
LTI I Screen-ﬁlm

0.5 —_— detector aperture width
e
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u.-,._._.. ............ sampling pitch
02{  TTeel. ‘u""".r"l'"‘"'u.' e,
oy 0 T TR .‘ e
______ aliased output signal samples
00 — S
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N\ P y -
Spatial frequency f [Ilp/mm / AN / B W
p quency f [Ip/mm] Y -
TARYi

sampling pitch

NEQ = Noise Equivalent Quantum
SNR = Signal to Noise Ratio
NPS = Noise Power Spectrum

G = Gain Factor

DOE(f) - SNR=s _ NEQ _  G-MTF(f)
SNR*w  SNRwu(f) NPS(f)-SNRw(f)

analog input signal




Sampling & Aliasing :

Nyquist frekvens Fy : Fy zﬂ
—

A =100 ym, Fy = 5,0 Ip/mm
"Foldning” om F

Eks.:
DR receptor Csl:Tl
A =143 ym, Fy = 3,5 Ip/mm

relative amplitude
T
=
n
[ o
}

CR billedplade receptor : T
A =200 uym, Fy = 2,5 Ip/mm Bonle e ¥~ &y 80 1 8 8 & %

Spatial Frequency (cycles/mm)  Spatial Frequency (cycles/mm)

No aliasing Significant
aliasang

Aliasing :

Hgjkontrast & Lavkontrast




Billedkvalitet og billedstgj :

Se Direct Digital Radiographs: Chest Phantom, AP Spine




Histogram over pixel veerdier :

Histogram shapes are anatomy specific

Chest

Abdomen

Knee

Frequency

Pixel value

Figure 7. Typical histograms for the chest, abdomen, and
knee. Mot shown are the collimated and open arsas of the im-
age. (The histogram is a frequency distribution binned according

Position Across Image to pixel value.)

Image Brightness
Image Brightness

Pasition Across image

AP p s

Post — processing :
a) Adult postprocessing software

b) Pediatric postprocessing software




Eksempler pa artefakter :

Moiré pattern

a. b.
Figure 26. Effect of flat-field comection. (a) “Raw” image.
(b) Image after flat-field correction.

' UpsS !t



Diagnostik monitorer: Kvalitetskontrol

Figure 16. TG18-CX test pattemn for the visual assessment of
display resolution. A CX target and the scoring reference are
magnified for better visualization. (Reproduced, with pamis-
sion, from AAPM TG18.)

SMPTE test billede AAPM TG18 test billede



Diagnostik monitorer : Ambient light, Reflections, Viewing angle, etc.

Figure 8. Reduction of image contrast (right image) caused by
specular reflection (visible as shadows of bright objects) and
diffuse reflection (manifested as an overall contrast reduction of
the chest radiograph).

LCD Flat Screen monitorer



Billedkvalitet & Contrast Detail kurver :

Vurdering af Limiting Resolution
billedkvalitet ved
agendring af dosis /
stgj for et detektor \;.  Lower
. N~ Dose
system: Higher e
Dose 2%y B AR
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CD RAD fantom, IQF - veerdier, 4 observatgrer :

EKs . IQF vs. indgangsdosis
CsI:Tl CR a-Se
70
+
60 ). ¢ A
L 50 . B
04 ; * X mnC
T 40
. +D
20 T T I
0,05 0,10 0,15 0,20
Indgangsdosis mGy
Observater
A D
mGy IQF c IQF c IQF c IQF c IQF c
a-Se 0,1886 46,24 7,80 35,47 2,79 54,59 3,00 48,80 1,10 46,10 5,28
CsI:Tl 0,0775 41,90 7,13 32,26 3,53 4821 2,65 40,34 4,04 46,77 2,34
CR 0,1673 57,05 9,28 44,61 5,35 64,58 6,79 51,09 6,55 61,01 3,76




Receiver Operating Characteristics ROC :

Decision
2 X 2 matrix

Actually
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Sensitivity = TPF

Specificity =
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Receiver Operating Characteristics ROC :

ROC Curve
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ROC kurver :

Lung nodules - m/u. CAD ( Computer-Aided Diagnosis )

1.0
5
= 0.8
&
s Radiologists with CAD
E 0.6 ( Az=0.940)
:'E Radiologists
o 04 ( Az=0.894)
o
o)
2 o2}
= p = 0.001
DI] ] ] 1 ]
0.0 0.2 0.4 0.6 0.8 1.0

False Positive Fraction
Figure 2. ROC curves for detection of lung nodules by radiclo-

gists without and with computer cutput.
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Figure 6. Comparson of ROC curves for distinction betwesan
benign and malignant nodules without and with computer out-
put. ROC curve for the computer along is also shown.

The End !



