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Abstract We have developed a computer simulator for cone-beam computed tomography (CBCT) based on the
commercial Monte Carlo code, MCNP. All the functions to generate input files, run MCNP, convert output files to
image data, reconstruct tomographs were realized in graphical user-interface form. The performance of the simulator
was demonstrated by comparing with the experimental data. Although some discrepancies were observed due to the
ignorance of the detailed physics in the simulation, such as scattered X-rays and noise in image sensors, the
overall tendency was well agreed between the measured and simulated data. The developed simulator will be very
useful for understanding the operation and the better design of CT systems.

Keywords: Monte Carlo, MCNP, Computed Tomography, Image Reconstruction

1LME T7E g3y g43H3 glon, B3] HZ oM

olg Fopilo & g wn vk AFEE V)

AFE 2 AFE Ve ¥gHd dAHd Y o g e WA X EE BEolAUN2], oL

o] o]#] ZHZZ((Monte Carlo) 7L ALY & e HEd A&7 2 GAAM, BAFEDS

£ g fde] QoA 7Hg B =R zE #J(CT: computed tomography) A|2® 183

£ 1] €48 FEEE, =484, d3s ol AlaHE B AlA F2 Alxde A )
4 B)E T3 vhkg BokdlA HA 2 M A o oA BHEIAS Fte] HUuth

(A4 2009 11. 25, 8 Y: 2009. 4. 12, AAMEFY: 2009. 4. 28] =AWt ZA T, #*FHGAE FYA}
X FAE, TCorresponding Author: School of Mechanical Engineering, Pusan National University, Busan 609-735,
Korea, (E-mail: hokyung@pnu.edu)



352 HE7 4

HAMY 4 2 #4E A BHZE 2=
T YFE o83 FEFZF(sampling), WA A
9] EAlsimulation) R FH(tally) E 74
(estimation) & g Z}zte] daelFo]l Fa3d
4, FHUR A¥7A(linear  attenuation
coefficient) & ¥HETUA golHeE|e FE Y
Aol 7MY FsdEith wEbMq wE HE
GEANT4s} 28 M2¢ 2HZE I=9 7ol
dF olFofAI gloy, A3 EGS B MCNP
AElz 5 1A EHEE ZEE FHLE ]
S5z ok il e BHEE 3o A3y H
2EE 7INe g 4¥ 9 29 Fo] o]FolAr] o
Eol vlagHoH, o|F Ay AT ANAF
¥ (object-oriented) 1 HA B #Ho)(GUL
graphic user interface)] /W& Fof #”E AF7)
23] P o £ 54 A2E, 48 &
o], CT, SPECT {single photon emission CT),
PET (positron emission tomography) &9 A%
ARNE 93 BHZE Z=EE 7Wtez 3 AE A
Edolele] Mo A AT HA] & FEE B2
ATH3].

B dFdxe MCNP REE wigoz ¢ GUI
Felel 93% ¥ CT (CBCT: cone-beam CT) A
g olel& sidsct AA A AlEH ol
Ae AT A5t A2y 2=y YA
Wasted ¢ejo] FAgzye didt AHEH
AR ¢ =S Sk £ BE 92 L F2
e Y d4ME R 2% Fo £4 JRE
Hojgpo] 23l o) EEY F UARF Y
o AlEdelde Asl FAHE /18HEA R
WY ANE B8 ARIANAN 0F B
o] 7/Fsdteg gk CT =g 9% & 24
7tz g &F Alolz= Fol AlEH o] wigdl disf
JANAE THeZ A9 B GFdx e Auug
£ ol&dte] g F Y Hd& Y, &
AHor HZZ AEHolds Y8 + UAEF
ATt Algdeld 3 § Add d2E 3US
Pt e dEste] 33kl 4 ATEE T o
e @534E 458 7 U=E dgd # o
FellA A AEdolye] 84S HEH) 9
& AgdolM AAHeE AFE micro-CBCT A
28 3 ARe o] &g AYa Ao AgdolM
Z2A2 L dFIE viusf Byrh

e o

o 4» &

2. MCNP 7]4te] CT AIEI0IE

MCNP #REE o]&3td CT AlEH|HE 43
371 sl AgdolEe #73< Microsoft®Abe]
Visual C++®% o]€3le] MDI (multi-document
interface) 7|¥+e] GUI ¥el2 FHatch wekA
AR MCNP 228 23937 18 228 A
Al AL DOS YESoA HAFIE o83

s3E B, 223 7 g9=% e H
A7 o gYol s s sk E=F AN
A7F Qe AL Fa) A3 Al gEolAe 7|5He
Hel FxE AAHez AT & =S
OpenGL®E AM83te 33192 el & =S
ek AlEEold 8 Fig 13 Zo] £352
g2 olRodg. d"EHRYE AHAIIL MCNPE
APk HAE BY Felo] 2 JIdES ¥
Atz WaAz F 94 A7 43S g8 &
zHoe A3 G394S 5 F Yok AE
ol e AAHQA T+ Fig. 29|14 el Zi7
ol (@) W fx= Qeigd A4 =S,
(© 924 2¥EdY A=, @) EF A
A=, (e) F4E2 , () GEATA g
$ To2 FAE Utk

(¢4

@39
Ad 74

T oo on

o

’

W

o o
o o
b1 o

o

i
rlo

Call Xtattor
- select XASMIP or SRST8
- select

taget matenat
iube vohage
voltagerippie
inherent filter thickness
anods angis

input information
- ceff card
- surface card

material card

Eements? " sagigng n_Compoinds?
T At . Type ensrgy in Mey
l e malenmis? -
\w /
5 Input CBCT geometry
I - selaid cansfituacts of weight factions 00 SO0

- sefect slemnens, fhitkngss. densty

Generate spectral sovice file

cone-heam angle

‘ Typenumbes of views
1

[/ Generste input
S— 7 flesaccordinglo®
Disphay ’ / viges 7

- graphs 1
in HCNP

Genert oitput data |
Conver to fnage dala

Reconstruct iomagraphs

Fig. 1 Flowchart describing the developed CBCT
simulator

- aumbar of sompositien - dotacior size
- sedect element, thickness, density ( ~ pixel pilch & fommat

- mean pholon energy
- half-vaive fayer
- exposwr2, kema

- flugnes/exposure
¢ __,__J




] 7A18HE] A A 29 A Al 4 B (2009 8Y) 353

2. el M W AlZa 7|

olr

MCNP 512§ o]§3te] CBCT A&#olaE
A7) AsiXe FHAAA L 71580 e g
FAAR, 94NN g 2 EFAR, AAMY
s 933 W 4% Fo] deasid A A
ol ANE Algdoldd dad FRE HA
dEstal F9T 4 =s FAHRAT YLEHE
=49 718k e] Fele FEsY) Hxe 2
o FHE FY3] AR R =F(d%, 7 B4

)° AHY & =Y ES =Pt 49 BHES

geTh & AreME olgA THE EAE
Flg‘ 2@0°l1A Bl nie}l Zo] 3319 A|Z43E 53|
=g Wk 2ol AYHAEA I 4 d=F
SRt E=d Ed9 AHHE NIST (national
institute  of  standards and  technology,
Gaithersburg, MD, USA)olA A|Zdl= JRE o]
835te] AlgeolE Wrel golnule] HAdm F7}
st hFig. 2(d) =) zaiﬂi A& ol A %‘—63
ol 423 9 92 Fo ¥F AFES 24
= &€A dgade F74E + Ao

=49 Vsl Are 24 AR {iEe
4sHw g Al AES AT AEE 9Y
ok CT Algdolis 4387 AsiMe IA1%

4>

(3

[

(ol

< FAH0E Jd247 HEVE 360° FH3PEA
FAE FSshoor 3} o]F Y= A9 7
itk 9*1‘&*44 AAAAe ARAFRIL M2 g8
dERds Fag sted, B AFNME 34Y F
ol e] HBHEES o] §sto ﬁlxwr‘:rr}ﬂ} o 2
A9 91X, ZAPEE, GAAMe 9% 5& ALE

o YL UHHEE A EHIEHE élﬂﬁ}ﬁ
o 3 ARGAE QAN Z7], Aad Ads
G ele]  Ael(source-to-detector  distance:
SDD), A2 Azt SHAE Alolg  Ag)
(source-to-object distance: SOD) F& &5}
W ARE 992 233 & 4 A=E % o
A3 71%E Fig 20)9A el e =%
M el 4 lom QAN 719 wide] &
Hale] #7), SDD, SOD 5¢& 4ET + Aok
HHAA T 718eAd FH) EH AFn
23 APHE duAe FEE BF 9
A o2 A9 3ig, F HHAs, g5tz
= 93+ 5& f"HE CT Al Egolus
BT 7 U=s A9 AFade] HPAT

oo

{c) Sub-windowfor x-ray
specirum generation

—

{b) Sub-window’
inputfile generation

{e} Sub-windowfor

converiing textdatainto
_J image data

{¢) Sub-windowfor E
material data generation

[ {f) Sub-windowfor
image reconstruction

Fig. 2 The developed GUl-based CBCT simulator
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as input file generation, conversion of text
data into image data, and image
reconstruction
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Fig. 6 Laboratory micro-CBCT system, which mainly consists of small-foal X-ray source, rotational stage,
and an X-ray imaging detector (Gd0-S:Tb phosphor screen + CMOS photodiode arrays). Schematic
layout and photograph describing the system are shown in (a) and (b), respectively
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Fig. 7 The contrast phantom used for the validation.

(b)

It consists of six low-contrast insert materials.

Schematic layout and photograph describing the phantom are shown in (@) and (b), respectively. See
text and Table 1 for the detailed description of materials
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Table 1 Material information of each insert materials for the contrast phantom

Atomic Atomic Deusity Plastic Nylon Polyethylene  Acrylic Polystyrene  Polycarbonate

number mass. water CHiNuo C.H, CsH0, CsHy Ci6H1405

Z A g/cm3
H 1 1.00794  0.00008 0.09300 0.04967 0.14372 0.08054 0.07742 0.05550
C 6 12.01070  1.70000 0.62800 0.32284 0.85628 0.59984 0.92258 0.75574
N 7 14.00670  0.00117 0.01000 0.62749 - - -
0 8 15.99940  0.00133 0.17900 - - 0.31962 - 0.18876
Cl 17 35.45300  0.00300 0.00100 - - - - -
Ca 20 40.07800  1.55000 0.08000 - - - - -
Total 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
Density

(g/om’) 1.03000 1.15000 0.95000 1.18000 1.11000 1.19000

< A} 45 kVp, 0.5 mA Z?MW % 360
T 270 s 0724 5003 ERaAte F=
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Fig. 8 Comparison of the reconstructed images of
the contrast phantom obtained from the
experimental measurement (upper row) and
Monte Carlo simulation (lower low)
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