[ud

SHEELUZEISIX| M 412 M 115 pp. 905-912 November 2024 / 905

J. Korean Soc. Precis. Eng., Vol. 41, No. 11, pp. 905-912 http://doi.org/10.7736/JKSPE.024.111

'i) Check for updates

MCNP

ISSN 1225-9071 (Print) / 2287-8769 (Online)

g8 FAo|{X| ZE|E X-ray7{=t

Development of Dual Energy Poteobeul X-ray Using MCNP

oll#
ol&d

Gyung-ll Lee"*

1 SISt XFEME Sk} (Department Undeclared Majors, Songwon University)
# Corresponding Author / E-mail: jia789@songwon.ac.kr, TEL: +82-062-360-5729
ORCID 0000-0002-1485-5056

KEYWORDS: Dual energy (F20f|LfX]), X-ray (ZUAZ|0[), Portable X-ray (FCHE AA2{|0]), Multi-energy X-ray (CHSOILAX|2AAZ|O])

Recently, X-ray images through chest radiography (CXR) can distinguish gas, fat, soft tissue, bone, and metal based on
their densities. It is the most basic chest imaging technique. With advancement of technology, CXR is becoming safer by
lowering the radiation dose. It has become the first examination performed on patients with thoracic abnormality syndrome
for early diagnosis of various chest diseases worldwide, accounting for up to 26% of all diagnostic radiology examinations.
Despite its various advantages, CXR can distinguish only a few densities. Various thoracic anatomical structures can
overlap in a single 2D image and various pathologies can show the same density, making accurate interpretation at various
densities difficult. Errors in CXR interpretation have been present since the mid-20th century, with 10-20% of tuberculosis
cases being interpreted differently by various radiologists and 19% of lung cancer cases being misinterpreted. To address
these issues in interpreting chest CXR and to increase its usability in emergency situations and various environments, the
quality of CXR images needs to be improved. In order to improve the quality of these images, this study aimed to establish
a portable multi-energy X-ray field technique using MCNP with dual energies of 40 and 70 keV.
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1. ME
NOMENCLATURE

Fm = Main Cutting Force T T A 2YE 38 XA GHCXRYE 7S, A
Fr = Radial/Thrust Cutting Force W, Az, W, 355 STHRE 7EAer i ThEet “15
Fa = Feed Cutting Force 2 AYEY 7P 712A 5 9 29 7ot 71s
N = Shape Function e CXRE t)x|€s} wo] PACS (Picture Archiving and
a = Parameter Communications System)oj|A] HZ=35hH A5l WAATES
BKG = Background wreo] AA orA AL QurH1-3].

ROI = Region of Interest olg]gt Q¢lo=F QI3 CXRE A AAA R thofst T 2
MPV = Mean Pixel Value LS 27] Aekshr] 98 T oAl 2B FlAjol|A] AAEH=
Opaq = Soft Tissue Weighting 12} AAFE 2] Zopom A Aok HAbA AAFe] Ao 26%
@5, = Hard Tissue Weighting = 2} 81}H4,5].

Iy = Images Obtained Using High Energy Electron Beams CXRO] Thoksh AFdo® 23157 CXRE A2:0] wlrn) 7
I = Ima.ges Obtained Using Low-energy Electron Beams W3k 2= 911 thel aDo|u|x|o| A Tlokst E sjEebe 1z}
VAR = Venance N S A
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Fig. 1 Change of dual energy function F(Z) according to atomic
number (Z)
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Fig. 2 Changes in dual energy function F(Z,t) according to atomic
number (Z) and thickness (t)
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Table 1 Comparison of triple target and dual target

Table 2 Dual target design goals

Modle Triple Target Dual Target

Number of targets 3 2

Target’s location Upper, middle, lower Upper, middle

Strength of

magnetic field > 200 Gauss

<200 Gauss

Conventional Model ~ Newly optimized model
Large tube radius dueto  Small tube radius Weak
number of targets High magnetic field strength
Special feature intensity magnetic field Reduced electromagnet
required Increased  volume Small and uniform
electromagnet volume Focal Spot Value even with
Large Focal Spot Value different energies

o5 a1efsto] of 2 mmo| EHATE 7K, AR A7)
Apo) A7)z Qg AR AHe] B0 0w SAal 27 1A
AI71E 200 Gauss oJ3l7} EJ w2 AASIc} Eak D-045] A9
XA9] SjAES AASH= Focal Spot ValueZ} £ = 0.42] ZHS 714
T olg sk Hxsl HIE 40, T0keV 217Fe] A9o] f =
0.45 THE3HES Focusing Cup, 7145, ol =5 AA5H T

UApel 8 A} 9L 3D AR A, ol o W
gh = A3 Aol de] F 3dAR UrolA 9o, 3D
WAV ARdo] QoI XA 2] A HoF 9 1} 4]
N Fopoll A de] AREE= £ZEY]l CST (Computer
Simulation Technology)E ARE3}o] AAME 3D AHA7 A
MATLAB ZE to]e] xZBio R ®glsto] 7h&7] ZofofA A
A H Fst Altel ol FSHA AMEEE ASTRA (A
Space Charge Tracking Algorithm)& ©]-8-3}o] A} & A&
gold Fystglon, An ExE EAst, o |
Focusing Cup, 7|45, o= E5 thA] HARISEAL, 259 TA|
2 Boph WS wEH 2R S 4SS NS 04
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Design goals
Number of targets 2

Target separation distance 2 mm
40 keV, Anode top
70 keV, Anode center
<200 Gauss
40, 70 keV, £=0.4

Energy and Position

Magnetic field strength
Focal Spot Value

Evaluation
Electronic energy
Charge density distribution

3D geometric

design Focusing : ol
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and electromagnet ' o N —— '
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' e A |

i
Extracting and converting ||
e |
electromagnetic field ;
information !
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) Setting the
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Electromagnetic
field calculations

_________________________

Fig. 3 design process

Fig. 4 Optimized geometry - cathode

Fig. 5 Optimized geometry
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Fig. 8 Electron distribution in z-y direction at target plane
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Fig. 9 Electron distribution in x-y direction at target plane
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Fig. 12 MCNP computerized simulation procedure
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Fig. 13 X-ray spectrum generated from selected target material
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Fig. 14 Linear attenuation coefficients of filter candidates
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Fig. 15 X-ray spectrum using an aluminum 1.0 mm filte
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Fig. 16 X-ray spectrum using a Cu 0.1 mm filter
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Fig. 17 X-ray spectrum using a Mo 0.1 mm filter
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Fig. 18 X-ray spectrum using an Rh 0.1 mm filter
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Fig. 19 X-ray spectrum using an Sn 0.1 mm filter
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