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FH e 3D stEdlel’e] Ha e sk A F vlE AA" HAEA WSS F- M(training set) &= 3f
a, o 99 &9 HAZ 7HE AM(validation set) o2 o] Rl olE|HEE BASE st45S FPste AL
5S40 & 4 Srh(S300).

o

s, %5 Al(validation set)> 7] 3D 7|9k A4 5 2 AYPF(300) =56 Ad€ 3D 79k AAY &
wol g4 Wrlehe Jmel AL 540 &+ Ak,

BA F9AE AR Sy (400)011*1 7] 3D 71% A4 a5 md AAGA(S300) ERE AAHE 3D 7]k
Exdelge H4 e 39 WAE U5

gk 4= ATH(S400).
A% B4 doly FHuAE HAF B4 oy FHF(500) 004 A7) BA FIHA(S400) ZH-H BAE CBCT
By 9 A 5 £5 Wgtale] HE BA HolHE &Y

T 39 = 49 7)xEte], E Ags 1o AAMEHA et o 2

T 5 B e Ao zA, 3D AFANAE YEQT 7| 24 olE|HE HANAS Huh pAFoR e
Edolt, o] f E 5aw= 3D 7|HF ARG sk BdS A= slo] oA, & 5hi= CBCT dHolHE X
Aste Aol FoT|Ao L),

& Sl X B X 2 2 i e] shadolE Y (110)d1M A= dolEet & 4 ot

Xi= e Erld Ak CT dolg =4 24 ol ETL gl=, 5 3D 9 el & 5 k. By AAlst
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[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0068]

[0069]

[0070]

[0072]

[0073]

[0074]

[0075]

[0076]

X' & v #HlE CBCT dlolE2A] &1 ote|HEVL 9=, & 3D 24 dhFdolEel & 4 dvh. Huh AJAF
A, X' 2 7] Xol| FAF 2 FIK AlFAS A83te] 92 3D 2% shdolge & 4+ vk

a3 sfx] EEF(200) 004 4] X(3D ¥ FFdlelg)et, AV X (3D 29 EFdlole)E 44 4 A)e
39 X2 vra, Use 2479 319 X ES 2 P2 (Cone angle)oll 93t EH4 79 Aoz /T 4 3

& Sbell A Y 2 & Ew o) FxdlolE AHEE-(130)004 A= wolEe & 4 glu.

Y& mgel Wag CBCT delHlEA W olEWEs 9, F BT HEdelHd ¥ 4 dv. mu
AAEA, ¥ & 7] 7 ENE AAAES CBTR B9, wgo] Wad BT ZuelolEe @ 4 Ut

YaL w7 R, 2] F 82000604 7] Y (CBCT Hxdlole) s 2Hzh B4 9] 89 HAZ vhraL,
i 7ol a9 A ES 2 dF(Cone angle)ol 93 = 7o Aoz EFE 4= ),

i BA FE(400) o4 A7) = bSaollA AAE 3D 76k AW 5 o] A7) Y (CBCT E-HulolE)
o] 39 A ES Yt IR olE|HNE RAS AT 4= 9)

HAo] gz d H4 e 3¢ vﬂ‘]%—‘l HAZ B4 dolg &Y (500) A 2A FEo] IAF(crop)d ¥, B
AT},

Y& HAo] ¢kx¥ CBCT "HolE2A] W oE|HEV} g, & HF BA dolHz & 4 .

i
2
N¢
f
=
o
=
9
)
o
—~
i
e
_IE
—1> r

oAl A, 2 e A 774 YEYA(Convolutional Neural Network)2 FDK A4 o] 2-8¥ <ol
T2 28t g s S 5EFoz & 4 ). ol F¥ Al(training set) HOHE
FEA Frdd F ols gHsle] AW RS A% og, 94" 2dd A2 48 G4 4
FAYE sk dol ¢ 2 U9 g

ol¢9} #Hste] = 62 B g
3D-ResUNet & LFERH Z=wo]

K3
4
o=
o

= 6o =AIE mpe} o] B dbmoA AAISkE (NN FFE 3D-ResWNet £ 24 T 29 2D-UNetS &3 Aol
s 4= Qlt}. UNet2 5= Biomedical Image Segmentationo] AF&% &= CNN 7224, UAF Eje +2& 7}

=
o] A1 olFolH Localizationo] E3t¥o] diar 3 4= Qt}.

el OW 220 = 6(3DResUNet) ¥}, ArbH o=z AREH= N -2 3 3kl = 2(2D-WNet)E H]aLs}

T

)

6=

A, B o] (NN& Residual Learnings F7F4 o & aisto 24 7] (NN A Lﬂgcqgj} FafSPAR-E 1
A3} Vanishing Gradient ®AZ 123 5= Adr}. o37]14, Residual LearningS %= 6014 Haha spabg
EAE Aoz A, UESLZY g8y o] ezl S the doloj ggo R Agste AL on|git.

HUHIE

=4, %“ﬂ’x—?‘ﬂ CNN T%21 2D-Net& Convolution Layer ©]% Activation Function(ReLU)& A -&3}3ior}, B
o] ONN %<1 3D- ResUNetoﬂ/ﬂ Batch Normalization, ReLU, Convolution LayerE <A Ul=Z A&3to =X
full pre-activation® T&AAHTF. * ‘j‘“ﬂﬂ (NN 2= w=W, Residual LearningollA full pre-

activations A& W Test setol tfsh A7} s = oldS 7RG,
A, ARkl (N 29 4 dlolgi= 2pgl whd, E wgo] ON Fx9 48 dlo]E= 3D volumeo|T}.
CBCTol M= 3319 o= &R ole|HETVL A HY] o Efa Fxd dYgste ARt

= o, 224 %?i% 2D Y
3219 BEF AAZ 3D UEYI gdstd o £& As5S ¥ 5 Ut oo B wHoE YEYIAES FA5)

RE FFES 339 F5E wARA.

Y, B utgo] 3D YEYAE g5 A X o Be Aaks de 7 7] uiite AXEEe] Ao Fud]E= 3
ARE ¢tar . oo g2 S Ee FH AE ARgdorst=dl, o W WESA F2E& AXANA @S F
F ASH featureE9] AFETT U oA Fou|gt deS v A A E3A ®©uk. 7]E UNet2 Convolution

Layervhth 299] 2717h Ao B (E 20 A4 $2)2 A3 glort o] 54 ¥ wHolA Agshs
3¢ dolEl sl S4stt FEol B4 @] WEel, ¥ WPl 3D-ResNet|HE zero-padding® E3 F29 =

NE fA% AS F2E st 29



[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

[0085]

[0087]

[0088]

S50l 10-2382602

ol &

ro

B gl 3DReslNet T2E Fd 3 offdE RAge theu} go] o]Fold & it}

step 1) X(3D €+ Shs5dlolE) vhaes}, X(3D A Ssglole)el] FAF % FDK zﬁ?ﬂé &36}0% ZH otE
E7F 239 X (3D 2R gadlolE) tarE SR 5 Sk X(3D €2 ShEdlolE) = dntk (T2 &9% 2D
dHES st 4& 3D A HEE A}ﬁ% T AT e A onllOﬂHt XCAT Phamomg AHEeha =
ol AlEToldE R Aoz AA (T Fdah= v Fol7t 9l

ﬂ'

¢

step 2) UhRF, 3D HoJE9 SN ETE F AR & 7o EAE HRe} o], X(3D Y& dhFulolE) et X (3D &
1 s&dole)E 27t &1 PatchE=Z Ui = Juh. X(3D ¥ g5 dlolE) Patchel X' (3D W &<5ulolE])
Patch oA 80% AE=E F& Al(training set) & AFE3H | Um|x= 7= Al(validation set)o = A&
T Atk AA7IA 80%= BoldHAl WA Jhed gRlolw, Folxl E% HlolElrt WrhH T Al HE&S ¢ E

PN
d 5 9

step 3) lﬂ 471 Fd AE AH8EIA 3DResWNet 9] 3t5a AE 4= Stk Epoch7h 73 gl whel X (3D
=3 Z X(3D 9 gFdolE)ol fittingste® UEL A Wy deve s 243 dvh. 2 &
g 9] 27}*] st e uE g2k

r
?"‘
=
. o
)
=

o

sk W 10 BE W A @R st WEYF Y sg5S 3 5 Tt

sk Wk 20 Patch(X' (3D 2% d<5ulolE])9] Patch, X(3D 9 dr&dlolE) 9] Patch)E<S Cone angle H&E
o] Jgom vra, 2zt J dHE NEAA EYAE 5T 5 3t Cone angleo] Aujgke] & +
AdUAFE ZH olg|HET) Alet A HAEl] wfEoll, Cone angle HE EHsle] nig &4 9 HAES A &
oA = Ao R ALgshe Ao|t),

step 4) 24 olE|HEE B AT Y (CBCT HRU)EH)E PatchE= Yir §, 3D-ResNetol] tifiste] &4 o}
HEZF AR Y(HFE BA dol8)9 PatchES 58 4 vk, o714, sk W 29 A9 7} Patch(X™ (3D
21 g5dlo]E) 9] Patch, X(3D Y& dhFdloE] )2l Patch)E2] Cone angle F°% ]Oﬂ Bale EYIA da
SHAl Ft.

step 5) Y (CBCT H-®dlo]¥) Patc hES F89 Y(HF A4 dHole)E 5 4 k. 2+ Y (CBCT &E3xd
oE]) Patche] F7H-uk Zeho] sl v (CBCT HxdlolE])e] ZF A& 2 (voxel ) 58 3o Y (CBCT &
EHlolE]) Patch¥h& pxelAl Hrh. olgdt F3 WAES 3] Y (CBCT H-3dlolEl) Patch ZAWA 23}

= RIS AT 5 Ak,
% 88 ¥ wwe] AAel2A, XCAT phantond X(3) 9% SFulolE)Z d49e W FAL L FDK ATl A1
H 2y O AZ9e ekl Erot,

T 8o E=AE mpe} o], B Wy e AEHoHAoR FHEIY] A E 87 2 29 (T Al=H 7|s F2E
TAE 5= 9tk o7|A = 89 AlEdo]lE|EE MATLAB R2018bE Al&3}iom  Alsghel FRE weladt XCAT
phantoms 60keVe] o= tHelx FE5ste] &&alivt. AlEdolAde AMgE A|x®l e El= 8l7] <E
>2A, £11.259 Cone angled 7}A|&= A 2Elo|A] B dwo] ¢ dug]&S A 83490},
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[0089]

[0090]
[0091]

[0092]

[0093]

[0095]

[0096]

[0097]

[0098]
[0099]

[0101]

oin
]
Jn
Qn

10-2382602

<#% 1>

Source to iso-center distance 800 mm
Detector to iso-center distance 400 mm
Number of views 720
Reconstruction algorithm FDK
Detector cell size 3.104 mm X 3.104 mm
Detector array size 168 X 168
Cone angle + 11.2°
Reconstructed matrix size 128 X 128 X 128
Reconstructed volime size 2649 X 264.9 X 264.9 mm®
Reconstructed voxel size 2.069 X 2.069 X 2.069 mm?

24709 full body modelollA] % 15271¢] 168x168x168 EHFS F=3tth. Z47te] EFo| sigma=0.52 3D
Gaussian FilterE A-83}o] X(3D Y& gFdolH)E ATt X(3D Y& gzdlelE)el FIK A74dS 4§
ste] X' (3D 29 ShrdlelE)) S AAS -, X(3D ¥ shxdlele))et X' (3D =X ggdlolE)E 128x128x128
7|2 A ARgERlth. FDK AT Alddle 3AH 2 HEVE 25 WEge R 60 JATE offsetS 59,

Cone angled] w2 24l olE]HME] #=F& FussliT).

EEFS 2 5 HEE 1-64, 33-96, 65~128% o], EF DUNE 27709 Patch7F A EH AT, 144x27 <] Patch
£ Fd AHl(training set), 8x27 &9 PatchE #H< Al(validation set)o. & o]&3it}, sty Wl 29 A9, 3
N MEYAE 77 dr5etdnt. Zzbe] UEY A= 144x9 29 Patch® F# Al(training set), 8x9 <]
Patch2 A% Al(validation set)2& o]&3it},

Training Epoch = 300, batch_size = 1, learning rate = 0.0001% A3}, Training °|F AZE Al
(validation set)ell W3] output Patch® ¥l F%3le] output datas FS3FATE.

T 9% & 8ol wE AlEdeld 7 A¥E vEhd =WHoRA, Y (CBCT HiulelEl)(Input), Y(HE BA d
©]E])(Output), X(3D Y¥ &<dolE (Reference) ¢ Coronal Slice ©|t}. o] w] = 9a= % Al(validation
set) #22 UEd E=wWola, % 9b= 7= Al(validation set) #4S el Two|v}, 8] = 9a 2 = 9
o] Inputd #H] olg]HEV} w3t Y (CBCT EXulo]E]), Referencer 4! olE]|MEY} whAl&tA] k& X(3D
d2 FgEdelde & & .

wek, A7l X 99k A 7] <& 228 HEste] E 89 AlEdold FE AFRE T 4 A, <E 2>&
PSNR(Peak Signal-to-Noise Ratio) @ SSIM(Structural Similarity Index Map) X 2A, AZ TE o|ux| (%
A)7F 271 e W 1 270 o]w X7} dwlt H|=EAE A S A xolth. ol FAVF =&5F X(3D Y&
sk dolE]) (2W ol HMEYL WASA] ¢F2 772 S ojnA) et FAsltE AE & 5 Ak, PONRS S5
A2 fAbsh, SSINE 0~1 Atole] grom L&y o] k3t =545 d&27 fAete A8 ¢ 5 .
<% 2>
O

PSNR 28.6930 41.8971 41.1952

SSIM 0.99126 0.99973 0.99965

Fzspd, B oA AAFE Method 1(3H5F WHH 13 Method 2(3t5 W 2) BEF AT
d Aso] YeldS #od 4= 9lul. PSNR 2 SSIM =] o2 Method 19 A%
Zoth. w3k, = 9be] AE Al(validation set) #4olA AF 2532 s 238 Method 27}
Method 1Xt} Localization Adg°] O st & 4 ).
H

oA B el YN ANl APstgon, B wne tgd wste Wy 2 #EEE AT 5 9
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yz 449
[0102] 100 : S5dlolE 2 Exdoly R
110 : StdlolE gy
130 @ Zxdoly gy
200 : WA HER
300 : 3D 7|9 AAW shgy mdl AR

400 @ BA FYPF

500 © HE wA dloly FHR
=9
EH]
H f; f:
off-centend objoct The missing cone
NXT
Pt |
——% _L_ - I
Source k] Jx Jx
¥ Detector S W
Sampled data of Sampled data of
the iso-centered object the off-centered object
EH2
64 64
128 64 64 2
input
: output
image |»|» = .
t?le N i o ': segmentation
2 2 map
NEE 5 =
b b SEEE
EA S B A
o Of o
| B) & Y
’ 128 128
256 128
»>
ol o %! § %I
B B B
‘ 256 256 ‘512 256 '
S bt et i = conv 3x3, ReLU
o ¥ 512 sz 1024 ke ~# copy and crop
- = | 2
%l-;- —_— 3 - § max pool 2x
& 1024 ) 4 up-conv 2x2
=» conv 1x1
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EH3
100 200 300 400 500
P A~ A~ o~
st¢rdlolel
5 3teo]e) 91ef 3k
3D 7|k 43
. A vy ol aawesea o waser - wadoy
g o R
130] | = soe)g
N IEED
i
EH4
71 EHl 9 WAHA 5 #odsto] o & 3D sterdlol El9), 5100
S14) o) 91: 7} 33 CBCT * M dlol 132 9] )b
437] Q1 #u-e- 3D St vlo| €] 3 CBCT % s vllojels: 2k} 5 4= 79 a9l Al 2 ks 5200
4471 vhic 3D sty elole] o] M= 7] o] afs) | A § wl€] 4 4w W AEjA WS F < Al (training set) 5300
© = sfat, 21 919] 8k9l A3 7 5 A (validation set) © 5 3ho] T obE| - 1 W ASH: B2 57
71 443D 710 AR ok ool 37 the CBCT % eholelo] 34 A kol A ostol | o0
’}7) CBCT * 3£ ello]E| o] 1) ofe) dr 3t w1y
7] 1.44d CBCT *3Ev|ol€]| o] *+= 7] o] 8}9] =) A] 9] 2= 4 788 =35 (crop) &, 5500
o] &2 vlsto] AF 14 ol =9
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X
wle) &l gl 1T dolEl
(0 ol ME R )

ahgl M B Bt
Zzte) A 58

oin
]
Jm
el

X’
vle) £nld CBCT dolel
() ofe) M 91 8)

Cone Angle®l

l afepa) 5 1 l

oe|ec|es

A4 | | WA AA || | Ax | |42

M‘

O @y opE M= g 8

Dyl obE| W= gl G

ED5h
Y’
B o] ¥ Q¢ CBCT Hlo] ]
(2 ob A= A %)
ohgl WA SR e
2} 2} o] i % 58 Cone Angle®l] npeha] 157
patch| | patch patch| |patch patch| |patch
Badudl Sgdud?

4 . /_.' TN rid S > oo -"“'-.‘
[ aFd\/ 288 \|/ 288/ 284 \

A EDI EE TN E A T
( AFd A5+ |
|
X O Sy ofE| WE gl 8

B 4o] k5%l CBCT dlo] €]
(EY ctel M= E)

Y olE A E 9 S
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omn
J
Jm
Qﬂ

EDH6
Residual Learning
input output
image > > > 0 =Dy | SEgmentation
tile map
1
+ &
- .‘ ‘ 1
*;._o‘ > >
+ E
| B B | i B conv 3x3x3
_"“? 1> L"“l |‘" ‘ =+ RelU, conv 3x3x3
. * - copy and crop
H - [ - # max pool 2x2x2
¢ up-conv 2x2x2
= COnv 1x1xl
EH7
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