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dmtd oz o 2 d(Deep learning)< o8] v WHIV|HY x3}E& T3 =2 579 FHSE AlEske 7
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deep neural networks, convolutional deep neural networks, deep believe networks®} Z& thokst Heyd
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B oAl AgE golt WA 5A ANdES A9elr] fa A8 o, B uge dgskes o
w7b otk wel mAe el Wushl tEsl gad gt @, %5el AL Te@Th 2 gaAel
A, CEFR EE OB el golt AAE 54, £4, WA, B4, THes, PEE EE olEg
299 Aol EAGom AQstEE Aeld, shb mE 1 olde tE B4t 24, @A, B4
FHEL, PEE LS ol5S 2RT A5 B4 E= $7 b4 v WAsA e o ofsHoof
!

dEad AelHA @t @, Z1&del At HoHHQ golE TFAA ol7I4 AHEEHE RE folEe B ugol
S5l 7% RoplA Bakel A4 7bd Aol s Augow oleHlt A FAF v Tk, Qury
o AgHE Aol Aelslel At AW ge golge A s&e] Buy A oue Axsh: oug
e Qoz A solor shul, ¥ BAAelA Bua gelsa e @, olgHol AL Jushl FHHe o
NERCEER RS

1 UX & 35 s, 34 B9 olnH skg X (100)E AA27]1(110) ¥ AEE(130)E 233},

A FS om A gy AA(100)E 9E dHolE(EE dEE) 2 =9 doH(Ew HE) HEE 99
T

PC(personal computer), "ol8] AW, E+= Fuld Ax FXo FE(E= &dA)E 5 Q).

Fol-g A A= AR (laptop) HFE, olF Asb7], AvE E(smart phone), ElEZ(tablet) PC, EwtYd
¢lE]Yl tjHlo] ~(mobile internet device(MID)), PDA(personal digital assistant), EDA(enterprise digital
assistant), TIX"E 28 ZMd & (digital still camera), Y AE H]YJQ ZlWZ(digital video camera),
PMP(portable multimedia player), PND(personal navigation device =+ portable navigation device), &di
€ A #<(handheld console), e-%(e-book), T& ~AnlE t]ulo] A(smart device)® TdE & Ur}t. o

= 59, AulE fulol~E AutE 9} X|(smart watch) B8 2~UFE WE=(smart band)Z 73E 4 AT},

ol

B 29 olnlA g FAQ00E Bao ol A=RE wA B9l olvH 44 AT A4/ q5A F
Sk, Be) olnAE WElme(nultinodal) R ol71A % A R9 o] E Xy Edold wlolE Y
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Bl 9] olmAE W A S e ojnlx E M 44 B4 ¥l oWAY 5 glth ¥ A4 Fw 9g
oWl A ALgALS] AurHQ) BR(EE AL Ao BAH olmAela, ¥ FA B 2e oluAE AHg
Aol S5t Al FAH oA ek,

A TS olw A EE FX(100)9] AREARE dAdelA F dEzl el dist FEoR ¥ AN T F9
olm| X Z Ak, PWI/DWI mismatch WPEEd 7)Zsle] %07 Y 3

ATk, T4 FS) oA, dF Eo], ¥ =
[x7 x y7 x z]olaL, dlolE E}Ye] bool EFYHY

=
A 59 oolmAE AAYI(110)] AHE 5 At

O~
ﬁt{
=
o
o
o
>
>
oo
R
rr
ox
oX
%

=, WA F9 olnA g A (100)= s Sl AA71E
1

X x]
L=
SA7AY, Er Bge) oAy ¥ 44 Be 29 onx A4S 8 A4E SFwAL & 3

HE|EY MR o)u[X]E= H(dAE 5o, QY ¥H)E FJ$ dFo|lx, T1(Tl-weighted) ©]7=], TICE(Contrast-
enhanced Tl-weight) ©]7]X], T2(T2-weighted) ©]"]*], FLAIR(Fluid Attenuated Inversion Recovery) ©]uw]X],
DWI(Diffusion Weighted Image), 2 PWI(Perfusion Weighted Image) ¥ A% U= E33 4 Ao, =,
HE R MR olu| A= =2}7] &w 944 (Magnetic Resonance Imaging(MRI)) FAZFE] =3 ¥ FE olnAxd

Atk "HERY R oMAE X 19 5% S F At
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* 1
oln] 7] ek Aol = Hole B

T1-weighted image axyxa] float

TICE [exyrxz] float

T2-weighted image [xaxyixz] float

FLAIR [rax yax z4] float

DWI [rsxysxzs] float

PWI [xrxyrx z7] float
T, A 9] oA sk AR (100)= HE] omA RS o A dA 5 Aa ARHCEY AR FAES
A AA7IE SEAAE A B 59 oA dhg AA(100) 9] AREAbE M A 2§ Aakek ARE
(I AZHS 715 & dvk. olw], Ak AZFCEE AR Abo]=7F [1]e]al, dlolE EBFee] float EFY
A v WA RS olnA Sk AA(100) 9] AREARE 7SR M A 2 & Faek AR AIRDH S
AA 71 (110)e] 493 = A

AALNL0E B5el ond] AAeG 48 & Arh. AAL/N1U0E B5el o|ulxe] Abo]=
x 240 x 2401013 zero OIAR HelF = Ak, F, AAA/N(U0)E Bl o|uAe] g 7 & 240 2
9

o]
7ol BEEA, AA] ol A& HlEe] BHA Fa8

e
&

HElZ MR o] A S Agets A9, AAY7(110)E zero o|n| A 2] Foto] T1 o|n|AS wjx 5= v}, =
Sk, AAZ7](110)= T1 olu]AolA AATE mask ©|H|AE E#HEY], foregroundZ T == 7S 7FAa, Tl
o] o] dlolElE AifsHnormalization)AlZ 4 Ark.  HA7(110)= ol¢k 22 A4S T1 oA 9
TICE ol®|A], T2 o|®|A], FLAIR °]w]=], DWI, % PWIel sdstA A& & ook, dA7I(110)= 34
TICE ©]u]A], T2 o]u]%x], FLAIR ©]u|#], DWI, PN % 7]Fo] & T1o]vAZ 6 AL(6 ch)Z FA3te] [6 x 240
x 2401 94=€& dvlolHE AAHT 5 At

A 29 onAE Adss 4%, AU zero olmlAe] Fokol ¥ A4 T 29 o)A Ei
A4 29 59l ouAE WA & A, AADN0E SR ¥ A B 59 o Ee ) A4 B
2 29 ool dlake] [1x 240 x 240]¢] ALE HlolEE AT 4 A,

olglo| A= o] & A&t AAE7(110)9] F2E FAHor dHseE 3o},

HAAY71(110)E H42] o|uX & T1 oln|A|E 7|Fo 2 AH3H(co-registration)dt= §2F, H4=2] oJujx]9] z}
= gt &efolx oA E A= 54, 3D o]vA

= o

sto] &Ehol=(slice) °JH|AE HIFTHo=R

Y (dimension, =
oA FH(axial) WFoz &glo]

S
Al B4 F Holw shtel B4
AR (110)7h B59] o AE T1 |4 Fo2 AFshe B, B9 oA Aozt BF [x x
vox 2] F At ARD10E BE ¥ 9 o] FACEE Aol=)o] [x x n x 494 el

al, BZ ojuAlE T1 ojw A ¢k 5Udd Fit(space)d HAASH=F w4 k. HAAY7(110)7F H29 o]

MAE RS A £ 20 248 wsh 22 5 A

A2 71(110)7F 3D ol Ao gk &efolx o|n A& A3t Z-F, brain skull strippings F-33}to] skull
stripping °©|V|A& AAsL, o]& T3 AAE 3D o|vAE [240 x 240 x 240] volume ©]"]A]e] A 714
(center)ol]l Bjx|3ld A 4= ok, o]uf, AA2]7](110)E brain extraction toolS AF&3}] brain skull
strippings 3 4 vk, WA H skull stripping ©]7| A= brain mask ©]W]A|e]al, Alo]Z=7}F [240 x 240
x 240]°o]aL, dlolH EFSie] bool BFYE <+ Atk AAHE7I(110)7F ABdE brain masks = 3o =AJE wke}

[e) A=
Fd s I =

AAE7]1(110)= 3D olH|AolA F(axial) WFo 2 EEo]|2E FE2T & Uy, od& o, AAL71(110)+=
brain mask °©]UA]S A}&3}o] skull strippingdt o|R|X|E F=&& 4 A}, HAE]7](110)+= brain mask ©]
nZ oAl FAlo] gho] 091 F-&(¥7)F opd FE)el tisA 12 FA ghg viagsta, HA9 Fro] 191 F-E (X
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o deides 4o A AF3k(normalization)S 3 4= tr}. =, brain mask 0]‘3
o Ao] Hi(mean) 02 W ¥ HA(standard deviation)Z WHZE 4 At

=
R h -

=& &eholx oW A€ brain mask EEkols ouxo| A FHAle] gro] AR 091 A5, FES IPEHA

[e]

A 71(110)7F F27F Sehols ovjx= & 29 54& 7H 4 3l

# 2
olol Al By Apo] = dlelgl g5y
T1l-weightedimage [240x240x 1 x k] float
TICE [240x 240 x 1 x k] float
T2-weightedimage [240x240x 1 x k] float
FLAIR [240x 240 x 1 x k] float
DWI [240x 240 x 1 x k] float
PWI [240x 240 x 1 x k] float
2l 25 slice 0] 1] A [240x240x 1 x k] bool

A2 71(110)+= &gl o|uXE 1247]9] 48 =E(input node)dll P37 fste] HFHo=Z Heste
A, A7bel Zelolx olu X o] mEEE(modality)7F MY ez FAE ¢ Juk. &, AAY7IQ10)E £
glo] 2 olm| )] AlO]ZE [240 x 240 x 6] x k= 3}a, dolE EYS float EFJoz AAE 4 g},
AA27]1(110)+= 12719 &8 == (output node)oﬂﬁ 4l 59 olu X9 o Hik(back propagation) 7]}
AHE E2(loss) AAE Y3 on|R] 9] Alo]=E [240 x 240 x 1] x k& 3}, dlolE BYUS bool BIYOoR
AR 4 gk w3, dAE7(110)= 01*‘714 Y =EoflA ¥ AA B T AT AR AIZHe] o
Axt 71ge #AE &4 ALS fs Az 7o) Ate]=2E [1]& 3dtar, dlolE EYS float BElIYe® AAT
T AUtk

AAE7]1(110)= BE $xo o)ste
(110)= AA719 99 w=of ¢gs)
dlole Bl float Eljo® A

o E9 oA HA Y om 9 o Hut Iy dHE =4 ANS g ojvA
o] AJo]=E [240 x 240 x 1] x k x A} 4= 3}, dlo|E = 44
A 7)(110)= 4719 &8 =sdA] ¥ AA G F A3 A = H
AAHS 23k oA 9] Alo]=E [1] x #AF =2 &}al, dHo]H EP?J% float EFYo= HA4TT 4

gholx om A& HFAom AP F dn.  dE 5ol dAY7I
o]z olu| x| 9] Alo]=E [240 x 240 x 6] x k x A = 3jaL,

A2 71(110)= 1417]

Zdﬂilﬂ(lm)i EER gdd v B2 A
7] e FEE ¢ e TEaY A=
%Z—}% '}F‘EE/\]?E] % & FEAE A 715 viA, & 5o ZRAAM E
ZeAAE o e, EEoldk dAgr(110)9] T2 s8] A% st=dlo] H/E= 5
EdolE Edhy] 97t AZEdele VA H/Es A A ovd & A

ﬂl
o,
=)

1l NSL'_I
i

ZEEZ2(130) = #AAg=
54 7:]Aﬂ §_HL _?4 o]
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CNN-2

CNN(Convolutional Neural Network)o.® &= < <it}.

A 2ol
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olel, HEZ2](130)

[0080]
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Aol g el

A gk wRke] & wjzhA] vt
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EREERES
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Q]
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)

s

2 Asy

ojxld, UEE(130)
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E

o glde]
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a2

o Ash el ® 39 2

tel, AEE(130)+=
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#* 3
ITE 240 E
Update B4 Stochastic Gradient Descent{3GD) updates with Nesterov momentum
Actvation function Leaky rectifier
Leaming rate 0.0015
Momentum 0.9
Repularization lambda le-5
[0083] Loss Al4F Categorical entropy
[0085] AEEZY(130)= JIA71(150-DE T3l =9 (B)E A 791 olvAer AA w4 F-919] xfol7h HAsts =
= A27](150-DE FAA + At
[0086] T 4bE Fxshd, AA7I(150-D= Ho] &dtolx onAE FA1E = Qnh. dE 5o, 5] &folx
o[ A|= [240 x 240]9] Afe] zkar, 6 AE(6 ch)2 4% T1 o|vA], TICE °]mA], T2 °]mA], FLAIR ©]

= =
== R
UIAL, DWT, BOPWIE E8E = glvh. Q1A7I(150-1) = o] Sefols o Aldl] 7]xste] = A4 2 5-9)

ojuAE AEE 4 Sl

[0087] B3] Eefolx om| A8 HFHO] 22} 2 [x x ylo] Alel=E onlstar, Aol A @2 AEe] Vs
g 5 oQlrk. 1A71(150-1)= off @Al(zlelo) & X qYsF olw|R|9] FF(contraction)o] dojrtir
S(what)oll thgh #AIF-9 olmA|&+e] fFojujeta FAstd AMARE 49T ¢ Avk. A 71(150-1) =
A (Holo) 2 HATFF oju]x 9] i (expansion)©] Fojrtil, FSl(what)o] ot (where) A=A A
A &g = (high-resolution) °|P|A 2 &&HE 4= U},

Mo 41 lo,

ol
ol

[0088] 012171(150-1) WollAe] M=z th& FZH(operation)e T2 F79 Axz2 FHAHUY. oS 59, 247
(150-D)& [3 x 3] 71zt AEBEFM(convolution), HAH copy), [2 x 2]o] 7]1%3%t W~ E3 (max pooling),
&

E3 |
22 x 2] 7123 4 HAEFH(up-convolution) T Hol= dlvte] F#& sk = Q.

il

[0090] T bav o AAde] wE ¥ A 59 59 omAE AAgsta I AIS dS5er] A% SEss AR

oli, L 5be E badll =AIE Q147 k] I dF YERAT.

[0091] T g s, AEEH(130)E H9 ovA], ¥ A4 g F9 omx, 9@ ¥ A4 Ay & Gk A

ZHCE A1z Abole] g BAE AA7](150-2)° YdEE 4 ).

[0092] = 5320 EAE AEEZFH(130)= = 19 TAE AEZ#(130)9 4 2 Exo] Aoz EAdF iy, 247
E X 4a0] E=AE Q471(150-1)8F FAo] AR og wdd # ATt

[0093] Q12

do
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=
=
N
o P
ol
Q
5]
jebad
)
o
o
=
>
SE
t
s
iy
oM,
1
102
ox
Jg
oy,
K
%
>,
)
1)
ok

N

o)
o
o =
—~ O
- o
s 9
)
o
o =
E S
o =
-
o =
A 3
5 —
<o
23
~
N~—
o
"r‘m{kl
ol
e
“3
O
o — 2
o5
038
e
5
MPNVQ
o o
23
o]
\]v
NI
tmi‘g
M
o,
Wy,
JEE
=,
o =
jn]
o= g
% S
o =
=
4 &
o
¥
45
o]
~—
g
N e
rorzirlré
e A

0094  QAA7I(150-2)% AF ARl FeAHE 54 ghEel Jlzste] B 9l oluA W/EE ¥ A
& AT & AT AESHW0E B B9 oA 2 W A @
A

= =
o, QIA7](150-2)5 3 SH(Bd)E A F9f oA % = A

> o o

=

T ATek Az A a1
B AT I AIZD I A ghe] AelEs AL 4 Q).

[0095] olel, AEZ2(130)+ 9 Xdﬁ}(back propagation) 7]H& o]&3le] X}ol7} ZAHEE 9A7](150-2)E o]
EZ F 3t dE £, AEEY(130)+= AA71(150-2) Ul AF AlATe] &9 Holo2HE 3|E Holos
AA 49 #Hold=2 3= ‘lﬂ, Weko 2 apolg AFAIA & qivk. zbe|7h o WEko g ity #AgelA, At
o7} AAHEF mEE Alolo] A TheXEe] dHlolEdE £ k. ojH", VEEY(130)= ztelE aEst
o] 1471(150-2) 5 EHAA F Ak, AdEdt g T2 Aol mgl AgsR dA # mivke] & wjrkx] gt
HHo 34 5 o

[0096] w59 olnAE AAshe e AAdEE AHClE ] fste], AEE(130)= o A Vel d=d
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[0097]

[0099]

[0101]

[0102]

[0103]

[0104]

[0105]

[0107]

[0108]

SS50l 10-1854071

33 22 el (paraneter) & AFEE F Utk
W AN g F AT ACRE NS Pt AF A4S GuelE S Hstel, AR (130)E o
As 7ol E 4sk g weHEE AT 5 Ak

* 4
TE SR
Update HHA] Stochastic Gradient Descent(SGD) updates with Nesterov momentum
Activation function Leaky rectifier

Leaming rate 0.0013

Momentum 0.9

Repularization lambda le-5
Loss Al 4F Mean squared error

ESH(130)E 9471(150-0F Fa FHWADE A P9 oA W A3 AR AT AA] 2
9w A AT AP A7 Felrt AxRHES AN/ (150-2)F A4 F 9

2 A2471(150-2) = H9 &gto]lx oluAE 418 & 9tk A& B9, B4 &l
[240 x 240]9] Afo]=E zta1, 6 AHD(6 ch)E TAE T1 olu]A], TICE ©|u]#], T2 o]u]x] FLAIR ©]
X, DWI, 2 PVIE 83 & Juh. A47(150-2)E H59 Lelo]x ojuXo] 7] x&te] ¥ 74 5 K9
olmAE AJAdstaL, M A B & Aet AR AITH S G5 5 .

ol Spolx o] HFo b S [x x ylo] Abol=E ow|tar, ke et ghe Ado JiFE 9
me Aok, 1271(150-2)+= o dHA(H) M)?L W EFE o] A9 FF(contraction)o] dojrfir Fdl
(what)ell djgr BAFL9] olmx|ete] fojusta F4ste AMARE S99 F vk, AAVI(150-2)= R &
Al(golo) 2 P e4= ojn|x]2] T (expansion)©o] Fojitar, FSl(what)o] otjell(where) %1—‘:*11 g stA
T3 A= (high-resolution) ©|MAZ &8& 4 v}, T3k F7l2 dAE0 Y= VEYANqAE F43E 3
AARE 7]9ro 2 AA (when) THATA THAIZH digk AARE 9T 5 gt

o141 7]1(150-2) WollM e Mz thE % Z(operation)S TS F7F9 3 gz RHFAL. o5 E9f, Q7]
(150-2)= [3 x 319 71%38 AEZH(convolution), EAM copy), [2 x 2]o 71%3 wWA~ Z%(max pooling),
2 [2 x 2] 712 o HEFHA(up-convolution) F A% shte] F2Hs Fd ¢ Q.

ZAEEZ#(130) &= T UEYIES WA 3H5A7)

\l‘—l -
dolErt 57 REE n4d T, FrbE ARTA dolo] L 4A AA dolofd] AT FHe A 5 9

£l
e
o,
4z
£
=
T
E
i
o
k)
:Cé
>
2

olddlA AwE FAe shEse] Tz, AZES] TALL, WEE SEdo] THLL: ¥ 2XE]
THaze 2HoR TAY F AT, T o}, AN So)A 41 % B4 W FAase, A% ol nw

AlA, AEEZH, ALU(arithmetic logic unit), TIA® A& ZZAJA(digital signal processor), who]ZAZH
FE, FPGA(field programmable gate array), PLU(programmable logic unit), WPIO]|AREZAAN, H& WHH
(instruction)& A&t S 4 Sl= vhe owWd A}k o], sht o] WE AFH E= 55 574
HAFEE ol&ste] 7dE F . AP A= G AAO0S) R AV D AA AdlM FHE = s oY
o] Az EdO] ofZe7 ] = T8 5 U

A, A%, 22, A" 2 AT = do. oldle] AoE fstel, A FA = st ARgEE Aew A
BE AeE AR, T TlsRokld e AdS 7R A=, A" AAVE 55 e Ay a4
(processing element) B/H= 24§39 A 848 3T 5 &5 & 5 A, dE 51, A2 FA
= B MY ZTEAA E= sk ZRAM P skt HEEUE ¥ 5 v EF, WE ZRAA

(parallel processor)®} 2, t2 A2 F4(processing configuration)= 7}&3}t}.

A ]
T, AL A= LZE] Y] A FHste], volHE

it

AT EYOE 7AFE ZFE W (computer program), Z=(code), W= (instruction), X olE F &} o]Ate]
23S 23 F 9o, dste "2 FASEE AP AXE FAHIAY SH™eR e AFHo=

(collectively) A FAE WH = v}, AZEY o] Y/ dHolgs, A ZAAd 2ty =AY
A Aol 938 w=E dolHE ATsr] ek, ofw F39 714, A4 (component), E&H Fx], 7M

A2 (virtual equipment), AFE A wjA] == Fx], EE HAEEHE 2S5 I(signal wave)o] FFHO=,
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A3} (embody) 2

5 = d
AFRAY 499 % gk 22Eqe] 2 delgE st o] WHY B b5 /1% o)

ML bR
2 o
it
)
oo X

2

[0109]

= & =,
o AHE 7hed A =t
= 3= "&a, 227 faa 9 A7) Holxe e

CD-ROM, DVD®} 22 337]5 wiA(optical media), ZFEIZH tl~=A(floptical disk)oF 2 A7]-3 wiA|
(magneto-optical media), ¥ F(ROM), (RAM), ZWA wEg 53 22 2239 HHS A4t Fadste
= B3 pAY st=go] AArF xdEY. Z2 o gy dos Ay o wEolx
Z1Al0] ZERTE ofuEt B ZEH & AREEA HFEl oSN Addd =
gk, A9 st=Eddo]l A= AAde] 523& AT 8] sl o] AZES] RERA %

-
= P48 ¢ gon, 1 9% sz,

2
~
=
==
2
=
=
o
09
o)
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