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gorel wun wma g elesii))s st wA(se), AAY(U6)F nEE WE onar
(f bone_less,r(i) Yo Al 1% W3} ogu(f bone_less_fdk7(i)y o zpzbate] Aal A Semorsri) s A= ©

(S147), RAF(148)7} A2+ oa)\y(ffdk)q 1A a8 O:]}J‘(ferrms ))S xp7rEle] BA o L(fT e WA e=

AV

A(S18), 2E2(180)7F AEA w4 e 2ege v s1s0E Tt

e

S148 &A $, HAF(148)7F A FAFe] Hit Al 2AF(Mean-Squared Error, MSE) #k& <AAbstar, Bt A
= 2k ko] 7] AAE FE VS UESEA @1t 9@AI(S160), Hi Alw 2k ko] 7] AAE VEs
U5elA] o, RAgE(148)7F BA 2 Ag3= dA(S162)E o xS

S142 &A WA S148 A= BA GAke] Hd Ay 4 ko] 7] AAE 71&E 5T u7hA] dHgEn),

S142 @Al=, 28 &= (Threshold) WHES o] &3l AlF 9dS 1EE B4 949 AdE 54 Jie=z &
Ecia= s

S142 WA=, 1EE B4 99 EHA(voxel) FHuIgke] 90% o]/del dds e HA9 Hifzks Ailsta, HA
o] Htgke] 55% WA 75% slEH = #he ~dEs UHe HAx TEeER AAS .

ug el Aol wEE el sdss el Fegel Frha,

TEHHS A 712 4 dedl, dE Bo], ¥YI2 2.5% WA 5% I7HE & Ut

3], TH#S 24 99 A wkEo] 335 el ol (oversegmentation)S WA Sl © o]
7t A e

S142 @A ¥, BF(142)7F 288 2= EF G wttdH (Median filter)E 83 @A (S143)E
o X3

Su4 B, 2Zebg g a1 & ol gdte] At

S146 @AI=, AW FAMH (Forward projection) % FDK 94 H¢Y dag]FS o83l 1= W3 JAS A
leia=s

A

T 78 Fxshd, AEE 98 =y g 29O CT Al2E Vs FRE AT, AlEEelE o= MATLAB
R2017bE ©]-&3}3itt.

L 4 E FAFAY FAHAA 25 WEFoRo e xAl(offset) HLO
wre} AstE ZulolERES & WAA] Y] 9, X-M ZAASF 0.4em 2 ZFHE 5709 B & (slab,
wo S|)S X-A ZAAG 0.18em o] AT (ARZH | d|F)o] sk #A1ME (Defrise phantom)S o] &
=

woume AAdE 4% A% endER
==

EH, o APHel Be alNehy TxE fa, Alge] 9% BUUd A28 (XAT W8 60keVe] o
FEEECRE- TS

A1AE D A2WE BT 480x480x540 FHZ TSI, B F7|E 0.517x0.517X0.517 mmelu] | o] Ak
9 =F(discretization error)E Wx|3dl7] &8 BAY 2x2x2 AH Hao] dgtE ¢},

T8 B2 GaoZk /NEE 3D TH= ZTRAEE o] &eto] E533iH.

T3, A 10,000 FAF] HAdF wol=E Aol FHekA.

AlEdoldel A8 AlxHl weuEE % 13 Zor, £11.5%9 2 Y= (Cone angle)S 7[R AlZ=HlolA
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¥ 1
Phantorm Defrise, XCAT
Source to iso-center distance 800 mm
Detector to iso-center distance 400 mm
Number of views 720
Number of incident X-ray photons per detector cell 10,000
Reconstruction algorithm FDK
Detector cell size 0.776 mm = 0.776 mm
Detector array size 768 (row) % 512 (colurnn)
Cone angle o
Reconstructed matrix size 480 ¢ 480 = 540
Reconstructed volume size 248 % 248 % 279 mm?
Reconstructed voxel size 0.517 % 0.517 x 0.517 rmm®
[0096]
[0097] R, obg WE (Pediatric phantom, = 8 3x)& o]&sto] £7.5%9 & =<5 7FA= bench-top CT A =H)
of teiME= & Wy AAjdE HATsn. AF dEEe & 29 2.
¥ 2
Phantom Pediatric
Source to {so-center distance R00 mrm
Detector to iso-center distance 400 mm
Focal spot size of Xray source 0.6 x 0.6 mm*
Hray source operating mode 90 kVp, 8§ mA
Number of views 720
Detector cell size 0,776 mm x 0.776 mm
Detector array size 384 (row) » 512 (column)
Cone angle S
Reconstructed matrix size 480 ¢ 480 x 343
Reconstructed volume size 248 % 248 % 178 mm?
Reconstructed voxel size 0.517 % 0.517 » 0.517 mm?
[0098]
[0099] of AFelA= AAMd, Al2WE, obs WHE o]&ste] L e HAeek Fefe] Fuj(Two-pass)
&318]%, Total-variation minimization-based iterative reconstruction(TV-IR)&] A}S nalsti ).
[0100] Bl dneFe BUE 24 F42 9 BERS ALAPS 0.26em |, AWML 0.27om | o}F WYL
0.260m '2 AT Row HF WY 9¢e A5IA.
[0101] % 9% A19MY (Defrise phantom)9] P4, = 102 A2WMEH (XCAT phantom)?] <37, = 112 oFs WHH
(Pediatric phantom)&] %4Fo|t},
[0102] &= 9(e), = 10(c), ¥ = 11(b)E F=xshd, Fd Fos daga 23 Z4rh & 25004 Lz Alo] ol
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H o EA49 Ae, SHolEHE JgS Wo| Wy, 53], R duglEe AFEZdA HAEHE 25
olE|ME S uH3R &7] Wi 7]Ed A (Reference)d} v|uLste] Algl dj=ro] WASHA Hr}k. T3k, ROI 1,
ROI 5 999 1% §9&8 HH, FIF/FE At X3l AAA] &3 Aoz YelRt.

ShH | B g o] AAld

1o
=
Bl
N}
iy
o
=)
il
f
ol
oX,
olr
[o
=
=
Q‘L
N
do
o
w
)
X
! i,
o
=2
=
o
—
toy
T
L
)
fo
ox
of

Z9d), = 10, ¥ = = 5
Qg TGS AgAAT. X WPl AAds} 159 v gol s BPekn, 3 HrihaEel ofs) el ¥
o/t AgHE, AvEAL nelgel met Fo Fs dudF ol o de G4e 153 £ A8
Felsheleh

EE, % 9(e), £ 10(e), ¥ ()T FEW, ME FEB @A W= 49, Alage vy vhgol

1

s
WEg weieh BEEE 0.260m 0, 0.27em '

0.280m™" AR WA F 4BANE FEHES vpx gt
2SR, A2y A o] WEE wujth FEGS 0.27em | 0.28em | 0.29em | =2 A
AR F aFA e BERS A o ngsdda, obF wEe wA sgol wd vt #y

!
0.26cm *, 0.27em " 0.28cm ! AR WMAAZ F 43Ol FEHEES v gog 14,

tlo

&= 12 A"l 2 2] dAjde)
7H S MSEZF B 2 WERsT

¥ 38 A1A” Y F Ay 2xF(Mean-Squared Error, MSE) ZAx}o]t},

i

afzoltt, & dge] Aol BAE ol =gl 7t

X3

ROIL FDK Two-pass Proposed;1st | Proposed;3th TV-IR

20005 107 | 1600107 | 10002107 | 2.77= 10 | 618 x 107
556 %1074 | 5.07x107% | 23810~ | 070x 1074 | 19951074
061 %1074 | 0.60x107 | 048x10™ | 0.48x 107 | 048 x 107
555% 1074 | S.04x107* | 237107 | 070% 104 | 1981074
20005107 | 1600107 | 1000107 | 279% 10 | 619 x 107"

LS T U PV

¥ 4= Al

r’l
o
o,

TZ4 FAF=(Structural Similarity index, SSIM) ZAI}o]t}.

£ 4

ROI FDK Two-pass | Proposed;lst | Proposed;5th | TV-IR
1 0.9256 0.9522 0.9662 0.9912 0.9302
2 0.9784 0.9345 0.9924 0.9978 0.9937
3 0.9949 0.9978 0.9985 0.9985 0.9985
4 0.9787 0.9847 0.9924 0.9978 0.9937
5 0.9257 0.9518 0.9660 0.9911 0.9301

= 138 AlAMEg Y =2 T2 (Vertical profile)S vERA 1@ Lo},
T 4% A2wgoA] B argo] AAee] 7 ol

¥ 55 A29ge] MSE Axo|t).
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¥ 5
it Coronal ( % 1074 Sagitral (1074
FDK Two- | Proposed; | Proposed; v | K Two- | Proposed; | Proposed; TVAR
pass lat 4th pass lar dth
1 113 217 0.68 .52 .61 1.56 .73 1.30 1.07 1.26
2 1.83 235 1.56 1.20 132 1.14 3.67 .63 .62 0.54
3 214 297 172 168 1.69 1.59 374 135 1.14 1.24
4 274 3.83 1.89 1.59 175 2.10 403 1.08 0.96 1.04
5 475 6.85 298 1.92 2.96 1.92 408 1.32 1.21 1.28
E 62 A2AE ] SSIM Aot}
X6
i Coronal Sagittal
L Two- Proposed; | Proposed; iR e Two- Proposed; | Proposed; e
pass 1st 4th pass 1st 4th
1 0.9%61 0.9914 0.9969 0.9973 0.9970 | 0.9932 0.9872 0.9951 0.9965 0.9952
Z 0.9919 | 0.9899 0.9931 0.996% 0.9954 | 0.9%1 0.9871 0.9955 0.9967 0.9958
2 0.9910 | 0.9876 0.9919 0.9932 0.9932 | 0.9930 | 09893 0.9961 0.9961 0.9961
4 0.9820 | 0.9767 0.9863 0.9926 0.9930 | 0.9941 0.9898 0.9965 0.9967 0.9963
5 09713 | 0.9635 0.9850 0.9963 0.9945 | 09937 | 09369 0.9958 0.9960 0.9956

L 1565 A2Ayel 42 Z=z2H(Vertical profile)o]™, (a)& F4(coronal), (b)E Al AHA(sagittal

slices)e UEH 8ol

% 162 o5 #MEelA & Iy AAjdel 3 gz olt),

T 178 ol WY 42 Z2FA(Vertical profile)el™, (a)& FA(coronal), (bh)& A4 A¥H(sagittal
slices)e UEMH 8ol

2ot o] AAld 2 FH Vs HaE 98], MSE 2 SSIM @S o]t A=A ujwel, Ay gty %
23 (Vertical profile)& o]&3t AAHA vluE AASIH.

pud

)

[H

NSES 48tl2sh o] QAbEITh. EE, SSINE S8t33 o] daker),

Quapipt G205+ Gy)

SSIM(A,B) = —5—— s

(g + ppt Clo% +opt Gy)
Paz m49 94 Ao B 2% 3, %4% B4R 94 A9 5 Aot Mt nAgw 94 B A 2
gk, p: wAW 9 B BE WAolth. Tap: nAW 94 A% B Atele] FRAteltt, (1w Che ssiy A

Ae 9 A 0 WA 1 Abele e Aaskiln. Adeaz G = 65X107 G =26x107"6

Ml A, ¥ owgel WAl WSEF £EE WA wREE ASA b Be muotew

[t
fz
ox

2,
olr
o

EFE, Boukgol AAldt MSEZF EE wizhx] wrE g A, w8 3157} 48] WA 530 Eijste] A A
(NVIDIA Tesla S2050)ol 4] &3} 33 wnke] A|to 2 By Fgs I5T 5 s,

[
et
>,
o2

w3k, GAlol A 2 P (cone angle)ol]l Wl ROIZ 577tz Ba3tddt)t. 7|94 (Reference), X7] EHlo}E]
HE WA g, T dugF, 2 B dnyol AAdE RMSE 2yl 7 = ZZF(Vertical Intensity
Profile) A¥E div|s Ay, 3719 HY BF 2 Wdgo] F Fox daugFed vls] SHolEHES] B Ay

gy
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2 0.025 :
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5 002 \

2 0015 \
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5 Y o
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- 0,005 ~ \ A ;
iy \\ /// .
o 3 i/ 3
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Input
Start image; j}ak

{Step 5) Multi-pass process
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+
fry = fran: ; _ -
a Classified Bone: fhone.rir) Less-dense bone objects: fane tessri)
.er':|+:}_ rl'l'll A
ey (Step 3
e Snbt‘:m:}t:
1 — —
Fronextty =Py
] update
i* corrected image; f,,, | Classified Soft tissue; fissue.in)
Sof tissue effect;
: al (Step 3)
iStep 2) 1 Al
— —_— Pey = 37 2, Trissuerin () atection
n= & FDK
process

i* artifacts generation: forrarsri)

(N =MNumber of sofi tissue components)

rnaur_tu:jﬂk.r[ }]

1
g
3

Cone angle {£)

(Step 4) iStep 4)
Subtract; Subitract;
L P
.rr,"di.- T fﬂ-ms_nn Fhone fessri) ~ fbm:r_!eu_.'dkﬂll
Crufpuat

Final image; f;

_20_



k1
N2
(')

EH9
Reference FDK algorithm Two-pass algorithm
ROI |
ROLZ
ROI 3
ROI 4
ROL 5
(a) (b} (c)
Proposed:1¥ iteration Proposed:5™ iteration TV-IR (3:0.001, 50 iterations)

(d} (e) ()
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Proposed; 1" iteration  Proposed; 4% iteration TV-IR (2:0.001, 50 iterations)

o é,;o o Agd | = " -
| % | | -

FDK algorithm Proposed; 1% iteration Proposed; 5% iteration  TV-IR (%:0.001, 50 iterations)
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