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ABSTRACT

The study is enforce to study image quality evaluation of condition provide the IEC and combination of clinical
conditions each quality of radiation that image quality to assess the conditions provided to IEC in the clinical
environment to conduct image quality assessment of the digital radiography system in the detector have
environmental limits. First, image quality evaluation was evaluated by measuring the MTF, NPS using four
quality of radiation and Using MCNPX simulation lastly DQE make a image quality evaluation after calculating
the particle fluence to analyze spectrum quality of radiation. Second, Using MCNPX simulation of four quality of
radiation was evaluated absorbed dose rate about electronic 1 per unit air, water, muscle, bone by using Radiation
flux density and energy, mass-energy absorption coefficient of matter. Results of evaluation of image quality,
MTF of four quality of radiation was satisfied diagnosis frequency domain 1.0 ~ 3.0 lp/mm of general X-ray
that indicated 1.13 ~ 2.91 Ip/mm spatial frequency. The NPS has added filter, spatial frequency 0.5 lp/mm at
standard NPS showed a tendency to decrease after increase. Unused added filter, spatial frequency 0.5 Ip/mm at
standard NPS showed a certain NPS result value after decrease. DQE in 70 kVp / unuesd added filter(21 mm Al)
/ SID 150 cm that patial frequency 1.5 Ip/mm at standard showed a tendency to decrease after certain value
showed. Patial frequency in the rest quality of radiation was showed a tendency to decrease after increase. Results
of evaluation of absorbed dose, air < water < muscle < bone in the order showed a tendency to increase. Based
on the results of this study provide to basic data that present for the image quality evaluation method of a digital
radiation imaging system in various the clinical condition.

Keyword: Digital Radiography System, MTF, NPS, DQE, Particle fluence, Absorbed dose

nel Detector) 7} e o E

I. INTRODUCTION

X412 189551 Wilhelm Conard Roentgen®l] 2]3f *]
5 AE o]F, XM Al oFtelA] A¥k XA G4,
ZA4kst ?5# (Computed Tomography, CT), FA X
A 29, A AR, st BopbA] g ARE AL
ATEM Tx- m’*]"l‘joé)b]’/\]i%(Digital Radiography S

ystem) @] 72 I-S-EollM HETIY e @9l
a7] 1% AFA S4Bt 1990
HELE] o] 7k YAYd B33 7157](Digital Flat Pa

e

l"

=
sk ZgEe] WaEom P TA e AR GA
2Hlo| A g Ed Hrhe MY Modulation T
ransfer Function, MTF), e i*’—“.EEJ(Nolse Power
Spectrum, NPS), ¥AH1ZE & & Detective Quantum Effi
ciency, DQE)2 H7}etkBl MTES g A| 2wl o] &
Aol Are FuFace] B man JA o
sk QAT 8] A5 4 dzEe vz
Lol T AT 93 AlZsle] ARel e
542 BrleRs AR FAeAe FH

*Corresponding Author: Changsoo Kim

E-mail: cszzim@cup.ac.kr

Tel: +82-051-510-0580 327

Address: Catholic University of Pusan, 57, Oryundae-ro, Geumjeong-gu, Busan, 46252, Republic of Korea



Evaluation Image Quality & Absorbed Dose using MCNPX Simulation in the Digital Radiography System

UAY A BYRA F w
W oolg 7b Fukgel JAsHA PEREE

[¢] 1=
A s Age] 2Rl BASES T

e Bxe el otk DQEE HFT 9% T
oA Aol x4 dlelg7h dvit E3HE 0] =7k
EE AGe) o]z FFo| WSS duRlVFE 54
sk Aotk %2 DQEE 7= vAE WAMID
AR v Ao s Pt F49 Judts
853 4 Advks 2o, E4e] X-A IFARS =
d g ouEtY DQE A4S % 9 &
@ Ao oot T THsxAEY] BEIL HIEA] o
Fojzjof ARARl AF5H bt 7hsdtt) tAE WA
QM 2= 9] Detector Sl e A4 7k

Sl MTF, NPS, DQE #712 $18] 4147171%91913]
(International Electrotechnical Commission, IEC) 01]7\1‘4

IEC 62220-1, 61267 937} ¥+ B dkar ekl
1-12]

TAE A G =5 €]
colA AAstaL 3l

S o]} ek ool 2
oA g led QRED B
AR ARl F7RRIAR] =
oA} el AA, e 23} IREAE
538 9459 MTF, NPs 371 3l9ith £4, DQE
£ 73517] $18 Ideal SNR* Energy-Weighted (1/mm’
uGy) & AAISH] 915k MCNPX Z213S o]§

ol
-
O
—

spo] =S Aol oA A, MONPX I
2O o8] AAEUS BAS F9) 24

1944 A1 25el A R A% 12710

I. MATERIAL AND METHODS

H ATlE= [BC62220-1904] A4S}
Higro 2 AA| /gl A

3T [e)

llé = 1_. =
g 2 v gAsglen, of M ages
% Z

1. d7A &

XA A = DXG325R (Listem. Korea), XA E
7876X(Toshiba. Japan), FDX4343R(Toshiba. Japan) Tl
HElE AMESISITHEg. 1][Table 1]. BFE5S 9l
A Z7AL Table, 20] WAES] glon] HAE3t i
o] HFAQl YA F4H7FHE 218ke] Matlab R2007a(T
he MathWorks, Natick, MA, USA)E AF&3Fith =k
~AEY SH3} AFF7FHE 28] MCNPX(Los Alamo
s National Laboratory, USA), A& S48 A= Un
fors Xi R/F Detecter(TEMA Sinergie, Sweden)& A&
ST

Image evaluation  Dosimetric Evaluation

Edge phantom A2 ¥NTS
USA MCNPX Ver2.5.0

(TXS Tungsten edge, USA)
(Los Alamos National Laboratory,
1 Ush)

{ MatlabR2007a ’

AATIHMTF NPS)

Y

Photon fluence

<:| (Photon number/cm?sec-e)

¥

Fig. 1. Flow chart of processing in the Experiment.
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Table 1. Technical specifications for the digital
system used in the study

Digital radiography system component

DDR FPD, indirect

Detector Technology Conversion

Detector material CsI: Tl

430(H)x439(V)mm,
(169 x 17.3)inch

3008(H)x3072(V) Pixel

Detector Active Area

Pixel Matrix

Pixel Pitch 143 um
Limiting Resolution 3.5 Ip/mm
Quantization 14 bit
Energy Range 40 - 150 kVp

Table 2. Radiographic Technique Used for the
Evaluation of Performance

Added

Beam Quality kVp Filtration (iImD)
(21 mm Al)
used added filter
IEC(RQA5) 21 mm Al) 150
used added filter
100
IEC(R%{\iéi)éI;elevant o 21 mm Al)
Application
. unused added filter
combined (21 mm Al) 150
Relevant Clinical unused added filter 100

Application (21 mm Al)

PNMA cover pates.

Tungsten Edge /
Lead RQAS5F-150

Fig. 2. TX5 Tungsten Edge Test Device & image
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Fig. 3. Geometry of experiment Experiment in the IEC
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Fig. 4. Photon energy spectra results for Added filter
and SID

A. 70 kVp / unused added filter / SID 150 cm

B. 70 kVp / unused added filter / SID 100 cm

C. 70 kVp / used added filter / SID 150 cm

D. 70 kVp / used added filter / SID 100 cm

Table 3. Values of the Mass Energy — Absorption
Coefficients

Mass Energy Absorption (en/0)cnt/g

Photon

Energy(MeV) Water Air Bone Muscle
0.010 4.89 4.89 19.0 4.96
0.015 1.32 1.32 5.89 1.36
0.020 0.523 0.523 2.51 0.544
0.030 0.147 0.0147 0.743 0.154
0.040 0.0647 0.0647 0.0305 0.0677
0.050 0.0394 0.0384 0.158 0.0409
0.060 0.0304 0.0292 0.0979 0.0312
0.080 0.0253 0.0236 0.0520 0.0255
0.10 0.0252 0.0231 0.0386 0.0252
0.15 0.0278 0.0251 0.0304 0.0276

. RESULT
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MTF+ 70 kVp / used added filter(21 mm Al) / SID
150 cml A MTE 7} 10%, 50%% o, 33534 7}
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7} 10%, 50% 9@ w, sFsEE 2442 2,75, 113 Ip/
mmE YERPNATE MTF 5432 397 571
g5 adke S UERiIh

(a) 70 kVp, Used filter
SID 150 cm

(b) 70 kVp, Used filter
SID 100 cm

(c) 70 kVp, Unused filter (d) 70 kVp, Unused filter

SID150 cm SID150 cm
Fig. 5 MTF in the Clinical Radiographic Positioning
/ RQAS
2. NPS

NPS A= FHF94 1.0 Ip/mmolA |l 7k4] A
2 23] A3 g YehiAtHFig. 6]
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(c) 70 kVp, Unused filter (d) 70 kVp, Unused filter

SID150 cm SID150 cm
Fig. 6 NPS in the Clinical Radiographic Positioning /
RQAS
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Pl

(a) 70 kVp, Used filter
SID 150 cm

(b) 70 kVp, Used filter
SID 100 cm

e

(c) 70 kVp, Unused filter (d) 70 kVp, Unused filter
SID150 cm SID150 cm
Fig. 7 DQE in the Clinical Radiographic Positioning
/ RQAS
70 kVp / used added filter(21 mm Al) / SID 150 cm
MEAM 6.00E+02, 70 kVp / used added filter(21 mm Al)
/ SID 100 cm MEOM 6.35E+02, 70 kVp / unused added
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filter(21 mm Al) / SID 150 cm &AM 3.00E+03, 70 kVp
/ unused added filter(2lmm Al) / SID 100 cm MZOlIA

of, S FubeIt Sotetoll w2t
LIERLH AT

7.48E+025 LIEHARA

Table 4. MCNPX used Air-kerma, Photon flux, SNR? results using Added filter & SID in the RQAS5 / Clinical

Radiographic Positioning

BEAM mA Added Filter SID Air-kerma Flux Ideal SNR? Energy Weighted
QUALITY s (21 mm) (cm) (uGy) (N/mm’esec) (1/ mm*-uGy)
Used 100 17173.5 1 14E+05 12543
150 7865.6 4.95E+04 14759
70 kvp 20 mAs Unused 100 158.94 1.23E+07 34101
fuse 150 360.94 5.44E+06 34226
d % 7+ (B HEY S22k ek A& A ATt S0 dES Table 59
4, MEFHT7HFA AFEHI S544 —
FR7HEA SAELH FTAZE) ek ol Au ATk, x7el woAgle] W,
APl ARSE ] 7 AR Wgel mE AAES g g o] sor Ae] A ANEYE =3 R
EATH FFAFEE Table 591 HEHARSE ©1S AT slmeg Aleals A9 BT FENRE 848524
Ao ASwE, AAELEAN WHEIEN Gy reee, WAEE AR BAE A9 BT G
HolUA|7F oF 298 kV A YER o™ TRk MEE 3.75B-21 Gy/e'sec® B71EHE ARESHH] &
°of AAHeR $50R olFihs AME HERIT  gre Ae Mgo] i) vehdth aElm SIDE o]

L

=
[Fig. 4]. SID 3}ol] w2 =

i daoluAl= Gl (19l
o}, AR ZRAAEL SID7} IS = UE
Stk S4E A7 EFALE o] &ste] oA At
A@om &, 27l o, Wl U FFAdES 97t
spitt WA, FaoluAel w7zt B

of whe M F7HAH | fiiel Aigle] sID7t 10
0 cmollA F2 M-S vellon, 1 3k F7HEH
ARE Al 3t 6.66E-24 Gy/esec, F-7FAE P|ALS- /\]
Bt 2.95E-21 Gy/esec AL S5AHEEL] Ao]7} 9l

ATt

Table 5. MCNPX used Photon fluence, Average E, Mass-Energy-Absorption Coefficient, Absorbed Dose rate
results using Added filter & SID in the 70 kVp / Clinical Radiographic Positioning

Mass-Energy- Absorbed Dose

BEAM SID Average E Fluence Mass Absorption rate
QUALITY (cm) (keV) (N/cmesecee) Coefficient(len/p (Gyleesec)
em/g ¥

Water 0.0434 7.638E-24
Air 0.0425 7.471E-24
100 48.4 2.27E-09 Muscle 0.0452 7.944E-24
A dZi% dk\F’Hter Bone 0.1376 2.419E-23
(used) Water 0.0434 3.329E-24
Air 0.0425 3.257E-24

150 48.4 9.90E-10
Muscle 0.0452 3.463E-24
Bone 0.1376 1.054E-23
Water 0.7462 2.729E-21
Air 0.7327 2.680E-21

100 18.6 1.23E-0

7 Muscle 0.7725 2.825E-21
A dZi% dk\F/iIiter Bone 3.4564 1.264E-20
(unused) Water 0.7302 1.187E-21
Air 0.7172 1.166E-21
150 187 SA44E-08 Muscle 0.7562 1.229E-21
Bone 3.3888 5.511E-21
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Iv. DISCUSSION
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