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ABSTRACT

Digital radiography imaging systems can also help diagnose lesions in patients, but if x-rays that enter the
human body cause scatter x-ray due to interaction with substances, they affect the signal and noise characteristics
of digital x-ray images. To regard the human body as polymethyl methacrylate (PMMA) and observe the
properties of scattered x-ray generated from PMMA on x-ray images, we analyze signal and noise in the spatial
domain as well as noise-power spectrum (NPS), and detective quantum efficiency (DQE) at zero frequency. As
PMMA thickness increased, signals decreased, the noise increased, and NPS degradation was identified in overall
spatial frequencies. Based on these characteristics, zero-frequency performance was also shown to be degraded.
Comparative analysis with Monte-carlo simulations will need to be made to analyze the zero-frequency
performance by scattered x-ray of indirect conversion-type x-ray detectors more quantitatively.
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II. MATERIAL AND METHOD
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Fig. 1. Picture showing the experimental setup for
the effect of scatter on digital x-ray images.

2 AT A9 AL HEZE Fig 1i¥ i, A}
4% A&7]= Ul Rayence A9 A2A oYAE
Wl o 2 W3kEl= Gdy0,S:Tb Al FA| 718re] 7hdwW
sk}l 7 Z7], Xmaru 1717 SGCE AH-&31% o1
AZ=7] ofdele] A Jig+= 3328 x 3328, A
7)== 0.127 mmE G HAL 423 x 423 mm®
ot}

Toshiba A}] Unk o]5& X {FH, E7239X
o} Listem AF2] Al #o]E REX-650RS ©] 83}
AAaxg HAAHT AL kVpet mA, sec®
A EE ARREH= A2 A FE SA s
7] $18) AE7] EH o] A2 ¥(Black Piranha,
RTI Electronic AB)S I GAA F7] & AvHuGy)
of AxM A7]e]  Awbe] et RS
(half-value layer, HVL)< Zé sttt ol& vig o
2 drHd ~9EZH gUZBRE AYPHdoz =4
at7] o] 2HEQS oS5kl olw, H-H
=713F A (source-to-detector  distance, SDD)T
1800 mmol™ FFH5S AT J2d AHAA2S
120 kVp, &ﬂvg} Z/\M{P—% ZY7} 250 mA, 0.02

DU P 3 Aw

=
7 QR 5 ALg

)
ofj
>

k)

¥ IHE 0o Az
ol dstolch = oF 8 keVe] 54 ~o] W
AE7] Wit e dEHE WA daM FH Ax
ol AN v, dFvE dEE HAANA 5
AA2AE dFvE e FFA7 A sl
oAZ YAl AE T Ay e B, A
25 BAEE Ao 1w &9
A% 9 wo]ze) A= G AFE] A <
Az7 S7HEAZ PMMAES ARgaiglon o
FAE 0 mmollAl 90 mmZEA b AREH AT
PMMA 77 27}011 upel 535 Gl s

o5 oAb WA gle] FFy ¥
Al ed 9 (region of interest, RONS & s+

FAAE 94
% AaE .
sebdo] TaE QAo wolz A%e FUF
sz gepdel e w2e7] 99 wol=u
9 ~AEolet: ARE AHgaton ok Eq
3

NPS (u,v)= <|FT{A1(96 W, )

A7 Alz,y) = 50l =-34)
3l

2~
3171 918l 2t dmieh B8 5w

Harghs M ARt s rlsty wol= A

o ¥lE ks @i ok FT+ Fgd ¥%

(Fourier transform) A4k, () <QFell Q&= F242

oy GG tigk NPSE 3 U, ol &

= 3 U= s 9vgitt PMMA 77 S 7kl

wel A2 tE JAEY wol=-1e AFERS
2

AYRA o7 v
v AarstE o] =-1he)
NPS, NNPS)~ A IR o

ro]=-uhe] AHEYL E

2~ E 2 (normalized
ALgsteith Astd
Eq. ()¢} #th

NNPS(u,v)=

ATFshe ol =-ve] 2o ER S RAsy] 9%
PMMA 7 ZF7kd wE JAe] Al




"J. Korean Soc. Radiol., Vol. 15, No. 3, June 2021"

o2
>
>

rlo

)

ro

o

pe

512x51201W  EE
(gain-offset correction, GOC)
P JTHOT ARL-FA K
o AxM FHAA LA

[e

i o2 o2
o

2l

R

)
SO
ol

o

>
ro o
o
0% &
qod X
Mo O i fo pE )y o

o
it
:<|>L_‘4

o

S

>

=2

—>|:

e

Moot

e

o

o

SR

M o

ot

N

d

=)

e

ro
18 o o

e

ol
o
=
ot
rlo
o
o

ol
o
)
24
o\
oX,
%
N
rlr
ok~

re
-
-3
~
>
oo
i)
N
N,
iy
rE
riet
ol
1>
s
T e
N
N
N

= 714 ol AR T T
FAEEE A om Eq ()7

2
L

T
o

f
[

g‘L

e
EIENeY
‘{> ﬂ}{N' ofl

m\l

1 d’
DQE(0)= a[NPS(o)} RIS 3)

-2

d

ol

I wol 2 59 AdERS Jolsts A
7] mEe S okl Eq. (4)sh e e
shot e,

—1

NPS(0)~ [277 [TMTEL (Drdr| o @
0

Lo

o 71 A, [27r/ooMTFp2re (f)fdf}_ = 3a
0

e WA APt 2,
MTF .= A AE8E Wx-d2 3<(modulation
-transfer function, MTF)Z 7] 20] % o ®]-r1}o] 3 =)
Hom e AP 2t Gy Ase] B4 5
2 22k ol =-upe] ~HEY O] fha Pk B3k
[ AEE TEE (), AlZ(y) W] 4 A7)

zAdsitts 4 shol V4ol 2 AAbET

(effective  aperture,

Y
lo

II. RESULT
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Fig. 2. Characteristic response function of the indirect
conversion-type detector. (a) Characteristic response
function, (b) relative noise for detector as a function
of PMMA thickness for an 120 kVp spectrum.
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Fig. 3. Comparison of zero-mean noise images
obtained from the PMMA thickness with the same
120 kVp, 5 mAs condition. The greater the

brightness of the image, which means noisy the
image.
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Fig. 4. Comparison of 2-dimension normalized NPS
images obtained from the PMMA thickness with the
same 120 kVp, 5 mAs condition. The normalized
NPS pattern is symmetric.
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images), and without 120 kVp spectrum, (b)
Normalized NPS for various PMMA thickness and
120 kVp spectrum.
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Fig. 6. (a) effective aperture, (b) NPS at the
zero-spatial frequency (c) DQE at the zero-spatial
frequency as a function of PMMA thickness..
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