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ABSTRACT

The modulation transfer function (MTF) is calculated to analyze the resolution of the spatial frequency of the
image acquired from the x-ray imaging system. In general, the response function of the detector acquires a line
spread function (LSF) using a slit-camera, and derives a modulation transfer function through a Fourier transform.
Because of the fact that the x-ray must always be incident on the center of the slit-camera, the tilt of the detector
and slit-camera caused by the experimenter will affect the detector performance. In addition, if the tilt increases,
the performance evaluation of the x-ray image system will be problematic. In this study, we analyzed the
experimental and analytical models in the modulation transfer function, ie, the Fourier domain, based on the
experimental error and analyzed the effect on the spatial frequency. Furthermore, performance evaluation is being
carried out for various x-ray imaging systems, and experimental errors are indispensable, and the extent to which
they can be tolerated should be reviewed.
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II. MATERIAL AND METHODS
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Fig. 1. Experimental Geometry to Investigate the
Geometric Misalignment as Modulation-Transfer
Functions.

(a)

Fig. 2. Example of the Geometrical Diagram for
Experiment with Misalignment. (a) Normal, (b) Tilting,
and (c) Shifting.
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Table 1. Parameters to know the Slit-camera Thickness
from the Analytical Model
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Fig. 3. Various Geometry foe an Analytical Model
which X-ray Beam Path through a Slit-Camera.
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Fig. 4. Information used to Obtain the Line Spread

Function from the Analytic Model. (a) Various x-ray

Spectra, (b) Mass Attenuation Coefficient of Tungsten
Slit-camera.

2.1. Aol 1

Fig. 3-(a)& %Fﬂ Fhelet= YAbsh o dde] &
glo] & Huls F3etd #5 S3l-het A |
W 5 EEgbdet T L,7F A e 5 A

27} Z7hek7] e 9aAel galzh gol o]
QERE oiie L3t A E
oA AE] WEe Aol |
o gt Tl E BFHE &
& AL Bel Ut Az
2% AN BAGA A o an
15 2o e uY ot 9ol

‘q

/-5 F3ehe ol Eq. (8),

iy rlo 12 S W
Y
2
I
2 oo
=2
N9
ko)

(Zq—zs) 2 ,
h= \/((W+xs_xSUA) +(zpa—2,) ) (®)

(2, —2,) 2 )
L= \/((;M_F'T;S'ISDB) +(ZSD3725) ) 9

I=1,+1, (10)

22, Aol 2

Fig. 3-(b)= UAFst= o 2Aido] &3l-7hwe} jaw
H o g xtE 5, &El-7hd ke ol Fas
Uhe A2 AdAQ] A g Al=Ele] 3|
Aree JFgs vA= ES olgl gk Ao~
154w, AEExdse

1A, broads = UA =H
7

23. Aol 3
Fig. 3-(c)= YAIstE A=A o] jawe] BWHE 7
2] g3, &89 JHSs FHEA ol We=

24. Alo] 2 4

Fig. 3-(d)= ga Fhlet R JAbshE Aol &
-7t etE FastA] &a, £33 &3 AlolE
YA = A5 YEhiaL glom o, &9 F7

_‘%.
t= 00] Hrh HE7]ol AxAdo] AEd W, w2
I

e ME uERd F el FAZE 00]7] wiitel] A
T 12 S49 S, 89 ArEYR g2
o] LR o R Eojo BE dANE U ASdE
AL ev g}

A4 Rds 98 SAEE A2 Fig 4-(a)%t
ol Aatshd trget dxd ~HEFS ALEet
o™ Fig. 4-(b)st o] vpdd oy=|ef 2
~HAEH g &3l 52, J2dd §d
st AaATE neste] Y Aas =E5H
o} ojm], Ab&¥E =l F242 Eq. (13 2tk

[tungsten = S(E [()e

ANA, [yt ZE-7H2 W2we] 2]
A

L‘: )\'H]EEK‘I]’ ,utungsten( JE-_ E%i\_l—%ﬂgl Z:]'—Z‘:]

] ghet.




"J. Korean Soc. Radiol., Vol. 15, No. 5, October 2021"

[I. RESULT
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Fig. 5. Fourier Analysis of Misalignment obtained
from Experimental. (a) Modulation Transfer Function
according to Tilt-angle, (b) Modulation Transfer
Function according to Magnification.
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Fig. 6. (a) Effective-Aperture for Misalignment as
Function of Tilt-angle, (b) Fourier Analuysis of
Misalignment.

2% ot

709



Effects of the Geometrical Misalignment on the MTF Measurement

Fig. 6-(b)x= 373 S7hdd wel 7189 AL
E d 2o = Yehd Aot

o] & o] S0k ghol | 747
AR B 2 mn'E VFoR F SN
S27F AA HAst Y AL FAFT £ e
ol EA Fulro Mo AL, hEE Aol W
e A ovgn
1.0 7T T
(@) '
- ! : 1 !
Go08lo=6% i4° 29 0
i3] : 1!
9 X
;0'6. .E Pl
0 [
o i 1
8.0.4' i ! 1
0 H I
o i [
= i 1
o2} I !
o I. 1!
A 1! J \
0.0 Y PRI\ "
0.15 -0.10 0.05 0 0.05
1.0
=
i)
08
=
&
c 06
5]
[= 8
w
204
-
[&]
=
8ozt
20
o
[T
0.0 + . . .
0 10 20 30 40 50
u (mm'1)
[ e ===
—— T T o
(C) “'-.. . 40' """""" 2 ......
\h
\\
® -5p 9=8° \‘\
Q .
c N
':E_m- \\.
m] \\
= .
3\-15- \\‘
\\
5 . . . .
0 2 4 6 8 10
u (mm'1)

Fig. 7. Fourier analysis of Misalignment Obtained from
Analytic Model. (a) Line-Spread Function (LSF)
according to Tilt-Angle, (b) Modulation-Transfer Function
(MTF) according to Tilt-Angle, (c) Quantification of the
Difference of MTF with Tilt-Angle.
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(b) MTF according to Magnification, (c) Quantification
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