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[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]
[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

olojA], B wel AAde] GE TN AFE BIBG QIA DU ALE WA U AR AT
£ 59 % 68 BEshu, o AAd A=R(120)7F 2UclE A xaE A% 93 e Faske )
(51200, B2t A% Qo w34 Qudmeo)n qus 28 g Jimels p
Dshs WA(S12), AREAEE(UO7E FAR(DNA A9 AUE B4 G Ty o)gsjol 3
FopE 2200 S AsE DAY, AZEAAR(45)7 e AR nUE 2 94
(Fromer) o] 272Eh@AE(140)7F QA 2 2ebgh(e0) & Apgtatel e W onaye( e lessrlig

pul

AR BAGLS), A6 2 e AN BT ndE wg euas( ey o

R

gotel wun wma g elesit))s st wA(se), AAY(U6)F nEE WE onar
%3

(fbone_less,r(z') Yol Al e wWE o /\L(fbone_ZGSS_fdk,T(i) ) 2p7rete] AE

gl [elNe)

ol
of
>
N
I“
o
o
2,
ol
ol
rlr
e}

(517, w7t A% P A7 Gy Lo Agrael 0

2R (180)7} HEAH< BA oa*ol(ff(i))% Zgale 97 (S180) S ¥ 33T}

A (S148), =

S148 ©HA % BAX(148)7F A I H Ay 2xF(Mean-Squared Error, MSE) #=2 AAMsta, H4t A
w22k gke] 71 AAdE aH VIEs wEsheA #Rlske @AI(S160), Hat Al 24k ftol 7] AAE VEs
TSR] o B (148)7F BA FAFES AlA Ao m H483tE ©(S162)E o 2vheit)

=
S142 ©A WA S148 dAl= B el " Al eat ghol 7] AAE VES wEE w7 wbadn.

S142 9=, =#H&=(Threshold) WS o] &ste] A&t JE 1L B4 J7 AL 54 JHo= &
lcia=

S142 A=, 1UE B4 99
o] Fgke] 55% WA 75%0 éﬁ%ﬂt %k" *ﬂﬂ*t el Hx FHgleR MdAgsit).

w7 el ggol wEE it sd s Pl Fegel FrhEn

32
_1
i
=
o
=
D
A\
=
=
1o
©
(e
=
o
=2
:Cg
oft
i
s
Bl
i
1o
o,
=
=
o
re
24
ol
o
=
Bl
i

TEIS AT 712 = Jdud, dE 5o, TEES 2.5% WA 5%9% F7HE 4 o).

53], wHHS B G A dtEo] 335 el HuhE S (oversegmentation) S WA|SH] 18] o o]+
7t A e

S142 wA =, 25 (142)7F &4 1% 24 g wuerdE (Median filter)S F{3l= @A (S143) 2
o X3

Su4 B, 2Zebg g a1 & ol gdte] @t

S146 @AI=, AW FAMH (Forward projection) ® FDK F 5 dagEE o83ty ndE g A4S A
Ad g

A

= 7S FAxed, AFs dfdl =ua g ZW T Al=d" Ve x2S AT, AlE el = NATLAB

ZgHAe] AN 25 WFor eZ A (offset) Aol

EEPE‘r %*ﬁﬁ?# ol NES & BAAIY] &), X1 22 0.4em B AHAE 5709 B9 £ (slab,

mo] F)S X-A 7 A 0.18em o] AT (A2 )] Arele A 1ME (Defrise phantom)S o] &
=

Tk, o AMdFol HA% ey FE Y, AMEe FHE RAES A29E (XCAT #¥)E 60keVe] o
Uz gigol A &-gskglth
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[0092]

[0093]
[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

Ay 5o A2Ad

2 2F(discretization error)=

] =

B2

2 W] 9

480x480x540 HAZ T, HA] F7]E 0.517%0.517X0.517 mm’o]r |

af HAT 2x2x2 B HAdo] dFHIT.

S==5| 10-2248191

o]/\

1l

%o YL GaoZk NUE 3D EE Z2AEG o] g3l IS,
E, 4 310,000 FAHe] #FLF wol=E Gl Frheit
AlEY o)A AFEHE Al~" gelu|EE E 13 Zon | +11.5%¢ Z B (Cone angle)S 7HAE A| ~Hlo| A
wowge] A g,
#£ 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 0776 mm » 0776 mm
Detector array size 768 (row) % 512 (colurnn)
Cone angle o
Reconstructed matrix size 480 » 480 x 540
Reconstructed volume size 248 % 248 % 279 mm?
Reconstructed voxel size 0.517 % 0.517 % 0.517 mm?
sk, o5 ME (Pediatric phantom, %= 8 F3)S o]&3le] £7.5%9 & J=E& 7FAE= bench-top CT Al2=H]
of AE B wmel ANE A AN seEE E 29 2o
Iz

Phantom

Pediatric

Source to {so-center distance
Detector to iso-center distance
Focal spot size of Xray source

Hray source operating mode

Number of views
Detector cell size
Detector array size
Cone angle
Reconstructed matrix size
Reconstrueted volume size

Reconstructed voxel size

R00 mrm
400 mm
0.6 % 0.6 mm*
90 kVp, 8 ma
720
0,776 mm x 0.776 mm
384 (row) » 512 (column)
w52
480 ¢ 480 ¢ 343
248 % 248 x 178 mm*
0.517 % 0.517 » 0.517 mm?

oAM= AN, AHd, obF

o] Ad

WS o] g3l 2 o] Ao e}

o] Fo=(Two-pass)
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[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

SES06 10-2248191

&118]%, Total-variation minimization-based iterative reconstruction(TV-IR)2] ZA3}ZS w3},

oo dugEe 9% BF FAHS 98 ZUZS AIWNES 0.260m 1, A2WEHS 0.27om ) o}E WEHS
0.26em 2 A= Ao HAF A 4S50

%= 9% A1AMg (Defrise phantom)2] FA, &= 102 A29WE (XCAT phantom)?] G4, = 11L& ofs Y
(Pediatric phantom)®] <37}o]t}.

T 9(c), & 10(c), ¥ = 1I(b)E Fxstd, T Fil& daglsS 9 457t & 2504 2] ol
H oW EA49 Ae, SHolE|HES JgS Wo| Wy, 53], R duglEe AFEZdA HAEHE 25
OolE|HEE 1A 7] wlitol 7193 (Reference)d} Hlmste] At ¢fjaro] wHAISHA Hvk, X3S, ROI 1,
ROI 5 999 1% §9&8 HH, FIR/FE At X3l AAA] &3 A2 YElRT.

ShA | o] Ao HHE Sl whE B TS vaslr] fE 37HA] dige] tis)] 18] wkEE B o
2 NSEZY EE wizbA] vhRE BA JAs SHE

T3, = 9(e), = 10(e), 2 = 11(d)E F=xshd, NSEZF FHE w7hbA] whEe 49 1Ay By 3ol

vk wjuich BEIZES 0.26em ', 0.27em ' 0.28em ' AR WFAAIZ] 48| Apo M E EEIGES npx] ot

o= nAsA. AW 1wA o] wkEg wulr} EEGS 0.27em | 0.28em | 0.29 em | 5= R 3
o

=
AZL F AZIAbel = EEES v gleR uAsglal, ok WdS B4 o] wknd wvith SEE

1 1

0.26cm * 0.27em " 0.28em b AR BHAAT] T AR M= EEES npAw o2 143549t

T 12+ AlsgoA] & gl Ao 9]
N A45E NSEZF B A Wb,

¥ 32 A1y e A AlF 2*(Mean-Squared Error, MSE) ZA¥}o|t},

i

afzoltt, & drge] Aol BAE o] =gl 7t

n

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¥ Aldg e 24 FAFE(Structural Similarity index, SSIM) A}oltt.
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[0110]

[0111]
[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

=1

s
a

s

a

s
a

slices)S YERA gz ojt},

2 dtgo] AAo] 9 Fg 7] HWE 95, MSE 2 SSIM #S o]-83F d=F
28 (Vertical profile)& o]

SES06 10-2248191

X 4
ROI FDK Two-pass | Proposed;1st | Proposed;5th | TV-IR
1 0.9256 0.9522 0.9662 0.9912 0.9802
2 0.9784 0.9846 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 0.9801
132> A1 42 23 (Vertical profile)g YERH 2 EZolr},
4= A2AR oA 2 g o] dAoo] 5 gfzolr,
5% A2 E ] MSE Z3foltt,
# 5
it Coronal ( % 1074) Sagittal {3 1074
DK Two- Proposed; Proposed; TVIR DK Two- Proposed; Proposed; TVIR
pass lst 4th pass lst 4th
1 1.15 2.17 0.68 0.52 0.61 1.56 3.7 130 1.07 1.26
2 1.83 A 1.56 1.20 123 1.14 3.67 0.63 0.62 0.54
2} 2.14 2.97 1.72 1.68 1.69 1.59 3.74 138 1.14 1.24
4 2.74 3.63 1.89 1.59 15 2.10 4.03 1.08 0.96 1.04
5 475 6.65 298 1.93 296 193 4.06 132 1.21 1.28
62> A2 o] SSIM A telrt.
X6
i Coronal Sagittal
e Two- Proposed; | Proposed; TV.R DK Two- Proposed; | Proposed; TV.IR
pass 1st 4th pass 1st 4th
1 0.9961 0.9914 0.9969 0.9973 0.9970 | 09932 | 09872 0.9951 0.9963 0.9952
& 0.9919 | 0.9299 0.9931 0.9969 0.9954 | 0.9961 0.9871 0.9955 0.9967 0.9958
3 0.9910 0.9876 0.9919 0.9932 0.9932 0.9950 0.9893 0.9961 0.9%61 09961
4 0.9830 | 0.9767 09863 0.9936 0.9930 | 0.9941 09398 0.9963 0.9967 0.9963
5 0.9713 0.9635 0.9850 0.9965 0.9945 0.9937 0.9869 0.9958 0.9%60 0.9956

15 A29Ee] 42 Z2Z(Vertical profile)o]™,
slices)S UEMH T8> o|t),

(a)= A (coronal),

168 o} WEIM ¥ we] AAdls] £ Texolt,

178 o5 WMyl 47 Z=IH(Vertical profile)o|™, (a)= FA(coronal), (b)+ Al HHA(sagittal

a3

o

&

ERE ECRET
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[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

SES06 10-2248191

MSEE Sstalash o] AAzbelch. ma, SSIME SotAl3a ko] AskEr).

o] Hi A% 7, T4= BAR 9 AS BF Axtoltt. He= mAw 9 B HA A=

vl Ad, 2 oo A7t MSE7F FEE wizbA] wiEEE A9-olA b £ FHlolEHE BA Aol

-

)
<

, 2 oabgo]l AAlA7E NSEZF EE dirkx] rEEE A
2~8] AFSE(NVIDIA Tesla S2050)0) A £33} 38 muke] A|7to g BA GAS =8 4= 9},

=2 T MM

EE?}, 03/\&0“*1 = Og——éL(COHe angle)oﬂ W}E]r ROI & 5?’2_}_9_E —3}%}6}5{11:]— 7]—5—03/\&'(Reference)‘ }_7] %%}O]—E}
HE B 9, FU LGS, R E Byl AAdS RISE Aot 7 Fr Z=d(Vertical Intensity
o

B
o, 309 WE R @ 2ol Fef Fujs daelFel wE FWolEHES] wA

T 9D, & 10(0), 2 & 1l(e)E ,

2 E (A)E 0.0012 AAsg o, BA 34

Hodg o] Aadel TV-1R Sarg]Fel &

el AAldE TV-IRe| Hlate] ke 314 o
of

515 ou) g At 9
of AEgHE A%, ¥ owwe] Adrt o W-R daeFun $53e 9300
ool N B wvel A ANdE Agsigont, X uge ted wse vy 2 #EES A48T 5 9
R owge 37 ANdE 443 wdste] FUsl $8% 5 el Witk wekd 47 714 Wge
eSS @A od) AeAE B wyel WeE #HsE ol ohn

$52 49

120 @ JEH 140 @ Ak

142 @ g5 144 @ 2ZERER
145 @ A~ZgA A 146 : AAH-

148 @ BAN 180 @ =N
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k1
N2

1
(g
~

142 140 144
120 ) AR ) 180
S T ear | [ cmEwEw | S
= =
¥ P [z | [ mes | ®ER |
/— ~d
145 ‘ E2SF |
148 146
ZEH2
o ——Bone density 0.4
—Bone density 0.5
| S - »-Bone density 0.6
2 0.025 Bone density 0.7
s r *-Bone density 0.8
£
= —
£ ey /&
£ 002 \
E \ it
7] J
z \ ;
2 0015 \ g /
- \ v .
= . \ o y
2 001p. \ P’ .
\ o
= " N i
Z 0.005 \
Y R s = 5 e
|
30 35 40 45 50 55 60 65 70 90 95 100

Threshold percentage (%)
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EH6

Input
Start image; j}ak

{Step 5) Multi-pass process

+
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;
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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}

(f)

_21_
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Two-pass algorithm

o -

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

m

Two-pass algorithm
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Attenuation Coefficient (1/em)

SES06 10-2248191

i
£
E
-
=
ad
o
=
]. i 1 L i i J L 1 | I 5 ! I i ! L Il L L i
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Iteration Number
0.7 I ' L —Reference
—FDK
0.6 -~ Two pass
~— Proposed;Sth
0.5 TV-IR

i ! H i i : R/,
0.1F i ¢ i i h | i
it ! } .’ i ¥ L
or i ' ' | : 1 I
01k 4 g 4
D2 4
_03 1 1 1 1
-10 -5 5 10

0
Longitudinal location (cm)

_23_



10-2248191

EH14

x 107

- s
e “ - “
=

A_!-pﬁhﬂh.-u.— 10 ASW

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

3 45 6 7 8 9

2

Iteration Number

EHIS

0.6
0.55/

(/1) yuardyan) uonenuINy

5 10

0
Longitudinal location (em)

-10

S L = = e Nt L L
- s e
—— e
e e
L i .
=T L
———
e R et
e T
- .-...ul..
o e — T EEEEE
.
i
RSP — N aessnaase
-
- i F o -
S 8382383482123
= = = = =

(/1) AP0 UHONENUINY

0
Longitudinal location (cm)

10

5

(b)

-5

-10
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EWI6

-~ g o\ = o o =g

P SI0LT
o "1 30 ASIN

1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

2 3 4 56 7T 89

1

Iteration Number

EH]17

(W) 1) IR0 ) uonENuINY

2

{

LuEgitndlml location (¢m)

(a)

seeemmess2RTTT

| |
Vi ow o® oa ¢ n
e % e €N e U e

= = =
(W) WARLPD0) uonENUINY

2

Longitudinal location (cm)

0

-2

(b)

%1

49144}

AR A

(
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=]
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pu.

s=sq

d Bl

E20
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=

W ARE O3

=:A

Q 2} (Mean-Squared Error, MSE) ko]

L
L

eTA
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B

[<)

7 Al
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3
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1
o AeA,
o hofA,

1

[=]
b

[e]

o,

(A8 1]
k)

[ A

A1
Al
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W n Mo \m# NS %o R 2 N K %o
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— T = ™ " go TR e ™ " o
N B = — o W e =~ N
—=n X N ~o _io < N ~o Zo
o — ~o X — ~o X
7% P o go) P ol o
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