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Abstract: Objective To verify the feasibility and effectiveness of the beam hardening correction method based on Monte
Carlo simulation and energy spectrum partitioning for X-ray image. Methods A beam hardening correction method based on
Monte Carlo simulation and energy spectrum partitioning for X-ray image was presented. The Monte Carlo simulation results
of multi-energy X-ray spectra and single-energy X-ray energy deposition were saved as a hardening correction database. The
rapid calculation of the multi-energy projection data was achieved by adapting the hardening correction database based on the
step size of energy spectrum partitioning and specific energy spectrum distribution of the rays. Subsequently, a polynomial
fitting was performed on the multi-energy projection data and the penetration lengths of the rays through the detected object,
thus realizing the fitting of hardening correction parameters for X-ray image. Results The HU value curve of the X-ray image
after beam hardening correction by the proposed method was flatter. Under the condition of a tube voltage of 120 kV and a
step size of 10 keV, the uniformity of the X-ray image was improved by 29.40%. Compared with the traditional Monte Carlo
beam hardening correction method, the proposed method effectively improved the efficiency of the beam hardening
correction parameter fitting. Conclusion The proposed beam hardening correction method based on Monte Carlo simulation
and energy spectrum partitioning for X-ray image is feasible and effective.

Keywords: hardening artifact; polynomial fitting; Monte Carlo simulation; spectrum partitioning; hardening correction

database

{g*j;gﬁ :?;i‘:;iiﬁ@ﬂﬁgﬁm ” : AT B MR I T b o Al A, R A
. AR A RERHE L9905 H (202200303 N ~ . I
AR 1 B0, B0 B I 0 B2 19 B B e JC TO% (R AE A BRI B B S PRI T 7

329219177@qq.com o IR 0 ZE A RN RO , v ot T O



- 1146 -

N e

415

HAR , BG5S URYY (TImage Guided Radiation
Therapy, IGRT) F RN 214 . IGRT R HSE#E 2152
AR 7 i, SEEURSMER 7. BT, IGRT HAR
FRFH KV B MV HEIE 5 CT(Cone Beam CT, CBCT),
Hirr S ) s AR A = U0 BL B % (Varian) &
FHik (Elekta) i) X 52 IR R 23R F CBCT.
CBCT fi FHHETE A4 X S B AR B AR sl At 52 1Y
T HER AR EUR SRS USRI, CBCT
AR ST B B At 04 2 57 FNR YT BEA , 18732 1z
FIRYT L RE R A A2 B A B R0 AR [ T
FEHFHORSI, & IGRT FoAR By B B2 i 4. R0,
CBCT R4+ X Sk B — & eI A , th ARl g &
LA, BIZRE X B4R ™). mife it T4k HA Hos
(P25 7 , T RE SR 0 288 Ty AR s . PRI,
X G EE TG, B 2 1 IRRE T Rl , 53
SEBE YR 1 S P s BEOG T o eR i, TR
THAY“SRAEAL B G  EHHEER T HRE X TR
WA Ge Ak (s i R 3805 AR 48 )X &
B X LB TE 8, 2l A B S 1R Y)
e E MR AN ST IR A, TP AR Bh
o XM AL PR 23 S BRGSO LU EE A0 A AR
sy, P 0 CBCT B R4 0 T

Z AP A R IE R —Fh sy FIHZ
I AU A9 B SR g i g A R K S £k
S IR, IR0 HRS I A 2 vk 56 25, DA T ok 21 4 Ak
REIE R H 970 SR, 3207 15 T B A AR, X AN
By A E RS T AT VSR . SRR
TN T B A AR, L R A I A AR A A
AT il AT EA T T R 2 R X R S YTk
AN EAE R FRIEATRL . SR A T4
v, HEARK RGN, BEE I X SRR LR
ORI 2 RllIL/RE N B S S LR A (B N i
Pz S A, Tk IS T % S AP SR A v 11
TEIES . hfipe 13 ) B, A SCHRE H —Fp 3L 58 o 8t
BB TR 434 XS 2 PR RE AL A 1 7, 1 5 52t
PLBIH 2 18 S 2k Al 13 FI1 AL B 5 2k e it DU AR AL AL I
BHE AR BRS04 2D K ORIVRR R BB 23 AT 1Y S £k
T P AR I A I P R 2 RE A B L SRR
W 22 BB 52 B0 5 R 0 A ) B K R R A T 2
KNG A IE S HOF AT X 2 BUE R R 1L
RETE o A B Uk J5 9 i A RO, A0 RUIBE A% v B e A
N w1 B LB 2% KylinRay-MELAC & 4t
X} Catphan 604 (AR AL | H #EEMG , Xl A SOk
PEATREAL A IE J5 1 X T2 R AT 34 5 43 B LA I
BRI RCR A3 HT o

1 BURIET X

1.1 BtsREE{YRIE
2 BARE X AR 2R A A AT AR B 4 T U
WAERAMA LR e

1=1e"™ (1)
HaC (1)1 :
PS—,u)c——lnII0 (2)

Hor, Pl w5 WOPK O FRLBE B, th X (2) nl A5 i 7E
PN OL T S REBER (-5 BRI MR 1 B 2 K
LR AR, W 1R,

A \
BHAA P HREHZ
PS'
/
’
7/
Zheih
P”I 7/
’
7
L 2T 12 e
PHFRKAEL

1 ZREBRNRFESEFKENXR
Figure 1 Relationship between the projection values and penetration

lengths for multi—energy and single—energy configurations
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Figure 2 Schematic diagram of modeling for X-ray energy

spectrum distribution
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Figure 3 Schematic diagram of modeling for the energy deposition

distribution of single—energy beam
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Table 1 X-ray mass attenuation coefficients for
water and X-ray mass energy absorption

coefficients for cesium iodide (cm?%/g)

figit /MeV ulp Uenl P

1.00E-03 4.08E+03 9.21E+03
1.50E-03 1.38E+03 4.12E+03
2.00E-03 6.17E+02 2.10E+03
3.00E-03 1.93E+02 7.81E+02
4.00E-03 8.28E+01 3.78E+02
5.00E-03 4.26E+01 5.01E+02
6.00E-03 2.46E+01 6.04E+02
8.00E-03 1.04E+01 2.91E+02
1.00E-02 5.33E+00 1.62E+02
1.50E-02 1.67E+00 5.49E+01
2.00E-02 8.10E-01 2.50E+01
3.00E-02 3.76E-01 8.07E+00
4.00E-02 2.68E-01 9.40E+00
5.00E-02 2.27E-01 6.60E+00
6.00E-02 2.06E-01 4.59E+00
8.00E-02 1.84E-01 2.40E+00
1.00E-01 1.71E-01 1.39E+00
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Table 2 Fourth—order polynomial equations at 100 kV tube voltage
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15 SR L=0.00136603P*-0.01988898P3+0.15956798 P>+4.14945142P
2 keV L=0.00146600P*-0.02154518P>+0.17388437P>+4.06315120P
5keV L=0.00143528P*-0.02125445P*+0.17433266P>+4.05052458 P

10 keV

L=0.00167575P*-0.02430788 P*+0.19040384P*+4.00602844 P
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Table 3 Fourth—order polynomial equations at 120 kV tube voltage
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Figure 4 Catphan 604 phantom and distribution of the region of interest for uniformity detection
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Figure 5 HU value curves in the middle row of the image field for uniformity

detection before and after hardening correction at 100 kV
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Figure 6 HU value curves in the middle row of the image field for uniformity

detection before and after hardening correction at 120 kV
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Table 4 Uniformity deviations in CBCT reconstruction before and after hardening correction at 100 kV (HU)

: ROI [X 3%
XK e KA 22
1 2 3 4 5

e aN i 24.1645 25.5204 12.242 8 13.6130 -28.3203 53.8406
2keV 23.9970 25.3387 12.0463 13.3820 273711 52.709 8
5 keV 23.9322 25.2691 11.9711 13.2954 -27.0503 523194
10 keV 23.8648 25.1894 11.8745 13.1799 -26.466 8 51.6562
R IE 25.7146 28.879 1 18.8572 17.523 1 -42.9786 71.8577
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Table 5 Uniformity deviations in CBCT reconstruction before and after hardening correction at 120 kV (HU)
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5keV 30.446'5 26.1974 21.7236 20.6232 -16.3942 46.8407

10 keV 30.3552 26.0930 21.5973 20.4763 -15.7698 46.1249

RIEIE 32.1304 30.091 1 23.2310 23.1197 -33.2112 65.3416
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