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del =, deoly Az X (110)+= LRS &arglFel dighk &8 doly AE &7] 9 FgAte] ojnA] oy
s AErbt AR e A= mha AelA 18m ol AA We] NI HAE FANE FE5te] A Al
ER 45, rZHAR AA 51 NF HAE A5k o AIER vhE ¢ vk RS gagFel tid &
H deoly Ao 4§, dlo] 1 ﬂil FA(110)= AE 999 A4S 0.9m oJHZ AR 29 99S 2.1m
ol A 40mm WS W= HdAg At

% 3e ¥ we) dele Ael FAst FAse A=

H
|
e
ok
e
o
=}
fr
o
I
fr
ki
>,
e
ki
2
o
v

Bk FAA o WA (310)0A4, dele Az F(110)9] Z2AA(111)E A= nfaS 2Z3 a4} s on]
A= Aoz FH= olulx WX E(image

A delEE Alske] A Ae] meh AEY shel 7 4 A%
batches)& AT + Atk Vel=, dlolg Azl AA(110)% k8 4% &l Ad @A 5L 9Age] #A
o] Z¥ F% AR(Lateral cephalogram)& $% 4 9tk e, olsh & olnlx) dolEE FW TR A
Aol §AHA 3, Ao WA ARE SIste] WRF o] BT A4

v dlelef Q] -, s arsjd=e] o x| dHolEE 1t
gsto] A= va s FE5H 51‘?4_ 74]*& Sl wig- A 4 vk meb, ZRAA (11D diolE A

= 5
d N0 A A2 $RHE RFm, w AEs] A= A FE5] Gakel, A8 ovA dol
HE % WE Y Eol 2

owg Ao whet AEYFomA AW
_/I:

IS A Jde
=

i)
2
o
UG
mlru
Je -
|
QLI

o), ZANIDE B4 4 gmror WEYR AN At o] BrhsIy] fid, WEYL 5
g5d A AXE TR = Al o|v A vixE(image batches)E AT = Atk & YA = o]}
2ol AAE AL oA WX o] PAzZtYe] Fulr EASAW, old] YA @w vhFd Felz EAD 5

CAEYS B G958 0 WA P4 92 =) g Fhoz st Al onA WxE 1@

=
(3200004, ZRAA(1DE S48 olnA dolHg s A48 A1 ovA WAEE B A= wpa b
) o dEate] AL oA wiAEe] T4 HA 9 (*)7} Cel@)=[01] o

1
HAE vEaeAs ddd ¢ v S, ZEANA1D= Al 35 2R o]l8ste] Al ojvA] WA Ee] T



10-2545906

s==4

A fAsE Al

.T_J‘1J
o AR
ole] &

Al
=

o

N
F
=

wr

—

o

i

—

= AL olm A whx

ZAA(111)

3L

o

1 AgE 7Iee2 4t

o
LIRSS

[0053]

el

e

ZAA 11D+ 449 fFAMel 71x3t g

hyA
, —

A (330) o) A

o AR

[0054]

)

-
pul

(DR)°l| whet

7]

A ol wMAE F

A1 ofu) Al u

pu

L

L

bl Bl A= wlae) @

0|

Q.

ZAA(111)
ZAA(111)

:’\f‘_)__

hva
, X
A& ©]

A 912 Apelsk fAapshet

4

)
2ZAA(111)

= nka9
RN B
(")) =4l
8an, X

[0055]
[0056]
[0057]
[0058]
[0059]

9

0

15

N~

A HA)

St o}

A1 olm A A

o))
i

oA A2 oujx] i)

3738 A2 olm A wMAES B

= 2
.

ZAA(111)

3L
, —

A (350) o) A

[0060]

B

N5

& mp3e] tf-33t=

-

=

N 1

TH

B
TH

il

X
oF

ﬂwﬂo

ofe) <]

p
o

ZAA(111)

3L

ATk, v HeolA|
o

=

L

=

ES
7]

o)

=
=
ST

gl

L

o] 7 W= whast @ 7bs

4 (Axial distance) &

A2

=

=
-
L

=
A7 (Bayesian Convolution Neural Network, B-CCN)

3L
=]

3
ZAA(111)

hvA

A (Ellipsoid) 2]

B4l
b
<ot 2

TAH R

=
=

[e]

[0061]
[0062]
[0063]
[0064]



[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

S=50l 10-2545906

score; = (e — l)tanh(T)

%, ZAA1DE & st &=z 7} d4(Monotonic increasing function) % ©|AI&=3¥H4=(Second
derivative)7} 45 A & AHE3le FEo| oW ESFE JMEAE Wol Wy, #Ate] =

F7F dolx w2 AFstyE A (Normalized variance)d 942 #H3 4 vk, =3, T2 AA (11

of 7I7h& W v &3S JoEA XIEF tanh 2 AAG(Threshold) & & F UT}.

AAgo R ETRANIDE B4 99 ue BE D45 Az sl 4719 #3428 Ba 58 A%

H _H

(score)g ol gstel B A vl eats 2% 94 A4 (FH) 5 oheje) 2op4 334 el F2Y 4
ATt
ek 3>

Zpﬁscore,‘){p—hl‘)
(Yk‘ "k ) - Yiscors;
=z = 2] =% 31 o‘(;—_fli;f) o ] = (e} = 1 2~ = ' =
%, B s vhael da 4% 20 AA0%) o g 209 Aus fae) 9s 24 e aFe
F=2 F AU ww, Al FAE Feke A AR EE e 1 WA 8 32 s Aol A HA
23, Ned we wgn 5 9

dely A7 FA(110)= A= H}IE FEotaLat gk olnA dHelH(410)E AT 4 vk, 2, dHelH

A A (110)= A ofvA] dolH(410)5 & WaF B xol Wikl uel AE¥ FozA 5d onA
dol8 (41D 258 94 1A we A4 ¢ 1% THoRE sz Al olnA] WiAE(412)S AEFE = A

v o] ﬂal Z21(110)2 oW A dlo]E(411)e] i3] LRS ¢SS FATOo2ZHN Bl A= nf39] A4 o
= AARE F Adv. 2o FAF R dolE Az A (110)5 Al o|nA WA E(412)S B #= mho|
) st&5® Al gy Ed(ex. CNN)(413)0] 43 ste] Al oln|x] WX E(412)2] 4 A X9 Al g5
< 33 g5E Bl A= wime] Al 9] Afole] FAMES AAT ¢ vk, g, el A7 x| (110)
v AAE FA ZIxete] Bl e whae] A g o] AAE ouA] dlolE (414)E 5T 5 Urt.

o] dlolE] M FX(110)= A el AAE olwx| dolH (414)o] i HRS ¢e]FS FAFOZH E
A W= vpae) HE A s FEFT Ak B2 FAHoR HolE Ay A (110)% o|nA| dHolH
(414)9] 4 Jd9& A BE A5 A47te] 4 A5 FAoR = A2 olux| mXE(415)S A
& 5 9ok, o] F dlolH Ay g = A2 olmA wiXE(415)S E W= v e s A2 gy
d(ex. B-ONN)(416)0] o =zx e A= wpzo] st HF JA 71 FF2H ov A dHolH(417)E

5
S o) 2~
q5% 5 g

T = T
olde] dlely A ZAA(110)7F dsk= e2e] d= v 25 A2 vl A= vhae] ¥4 93 AAs)
© LRS daglEd g = mpa e A4 A E FESE RS daelss dAd R Fdste 74S HoE
o}
ey, 2 Ewe] doly AE AA(110)= ofulx] HlelE (41D)0lAM g5 HA A S FHOR s Al
A w25 (412) 55 ol&38te]l RS daglas nt2 FdFgoEN Bl d= viao HF A4 A8 Aed
b opleh Bl i NS A AT AHEAT} EA A vhaAs) A A AAe) G s

= gl =es & % .
719 dellA= B dgo] dlole A2l X (110)7F 2D Feje] A3l AdolA o)xY ded EE(EX. 2D
CN)S &3l 2D = A E FEste WHES AFsta oy, oo sg== &, 3D PFejo W Aiksith
2 (Cone Beam Computed Tomography, CBCT) Aol A A g9 (EX. 3D CNN)S &3 3D 9= nla s &
TFE QY.
olE 93 B ¥ dely Ay AX(110)E WE= via FEo AEH= oA "H3d B2ES 3D A
(Kernel)S AF&3}ed 3D Convolution, 3D Pooling 5°] X35+ Axd H8jd Rdz2 x8s 4= Q). E3

et ofy

(3
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[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

g el flol A7 X (110)F P #= mh=ed of-g-3h
Aloefell A8 == k. dloly A &A(110)
CBCT el 3D W= v E FE5T 4= Q).

i

olsh ge doly AP AA (10 WY LRE FAshs g wde] Yol we e ¥Re FFwst ge
[e]

2
4 % Qud, 9% 2u) 4B el Bad T dolEd Be 9% we & du.

%
Sl
2
Gl
:cg
.,
ol
o
N
o
o
s
e
1)
T,
of oF
lo
i)
o
Anj
2
Ak
o>4
S
W s o
rlr
©
e
=
L~ O
Anj
S,
=
e
it
i,
Ku) ¥
)
=
o
Anj
il
1o

A1(110)= SAGGI0) A, F2] HeE 24zl dgsh= B volHES &

N g Q. old), FAH = B HolHES iRl 3 H]%‘ﬂ LA = A,

GA(520)90 4, ol Az A
o el e uﬂoma% %@
FAAo® doly A7 X (110)
9 dolEEe SR o
ojuf , ©wloly A &X(110)= —“57
S84 A AL QAT 5 ).
Hohd, "ol A A (110)+= o
Ztol| A A9 2 B HOlE B S

o Wt
Ly
ol

ol
g
=
o,
An)
2
i)
ON

i o =
S
=
-

5 El)‘ T,

(<3

do
4
B
e
o
%)
A
o,
ﬂ
P,L‘
rir
fu)
)
__\TL’
9
i)
il
ofy
o
E ©
e
o
rin
N,
N
2

i
i)
Lo
o
of\
o
o
%
o
ol
oX,
o
of\
2

Y
o,
é?’:(‘,
)

of
N
NS
o
2
rlo
=
9
Lo
ul
2
in)
(o]
iy
il

g ARle] 7]z to]

i i

(T =

_|O

o Ll

(T
N

e
(o
fr
EJ
o
t:op
oX,
o
of\
S,
o
ox
oX,
i)
4
%0,
vl

70 (53009041, el
F sieh. AN A7
B Ael 3 (110)%E ea 2
o=x B dolHEe BF 452 4412

ol& flated doly A7 A (110)+= &1 "ol Ale] X3 &9 siE 2z dig3tes B2 deo
HAab(variation)S 1#3le] dlole] 7 (Data Augmentation), W AMEH (Oversampling), <1

(Undersampling) 2 SMOTE(synthetic minority oversampling technique) &

Z Hloly 3 AAE A 7Fse HeolHE st AA doly 3t Ao Hlo] gl IUNES

Aol BAY & odvk. ayd HolH & F3 A" &4 dolge AAl deoly e HEiA B Yol

SojAa, AA deleet 3 FH dHeolH AMog ARGHY] o] ¥ W wEolAW 5 AA

QF EE Hlolojx(bias)7t A4 & ).

o

i

webd dolg Ael 4A(110)% £ deold Aol E£FE B dolEEaA BAE F g B Austa,
g 2 el A doly ge £RT dvh. F, deoly Ae FA0E B @A ABZIY o
deld wEel Qi gdele] WE AEE AwWstay, AUf W% Aguo szt deld Hge FAY
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[0093]

[0094]

[0095]

[0096]

[0097]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

[0105]

del=, dolg A FA(110)E BEE Ao MR a3 ojuX|7} LEE%S H1 Q7] wid HEZH E9
(vertical flip)& F3aA 2& F %E} uEla], BE gixte] AR ojux]9] 91X tid Hg WEL
ARoY st WMEE 7] Wil dolE BF X #H$ wEnt 1dske] doly &3S 3T 4 gl
ol¢} e ©loly FS E& dol AHg AX(110)= F# dHolE Ao XE3E Ho IEE 7k vjes o
AN 7 dvk. dER, 7L dolErt ojulA dHeolEl A, HlelE Ay A (110)= T HMH Aol 3
el olux] dHolEHES ol 9 WS T onA HelHES & F/M7IAL, T7HE olnA HlolE &
3|l~E1% S3(histogram equalization)S FHTOEZN FAS FYAZA 4 dth. S, dloly A A
(110)E S7He olmA] dlo]EjEel o]u#] Hlo|HE HFo] oz Fadsta, #3E d9E5 Zhztel digh o

nx I AEIWY ZLE 2 BAAI|E A S AEIW S3(adaptive histogram equalization)S ©]-&
Fro=m =4 diHl(contrast) B 7PgAE] AW EE 7HAE onA] HolHES g5 & Qi)

=, ode gl *ﬂﬂﬂila“ °]UIX]L bl *d“ﬂt R e LI

A
N
=)
i
2,
=
_0,
3
2
i

X
R

0 l
S AgET o BN + AT oE A delH Eh %
@9 (random @ AOVE] S 0BT Aol ohLieh, WE dolr] Gyl e AAueE el T UG
of ol ¥ % k. % 6a WA % e HlolE FHFE FYW AZA % bat AR oA, E 6bE
Samad 538 Fal A4E oluAE dEUE, E 6t A% dxmad 538 Fi) AR onAE
Ehiet,

olg o] HlolE Azl AA(110)x £4 HolE Aol skl B4o) Aqus 2zt
gal ool FEew doly g FaAgowd Ed dold A el Bl dw

dolgEe 45T + 9

dlolE] A el B Hlole s

A (540) A, dlolE A AX(110)E B4 HHE 7+ vjgo] dxd F4
A A2 (110)E A (520) 014 A3

& 18l G wAE BGY £ A adn, SAGHAN, Al A
24 A% AL olgdtel g% R 43T 5 9

il T
T 7 B odygo] dAr] e mE doly A A7} s g EdS o] 83 xe] F4 BF UHS
ZAIS =t
T 78 & o5oA AAlE dHolH AE X (110)7F F=3skE gy Rl gy S o] &t S Ao
o]l L A (110)E =4 A

MAE B Bl AL R YW ATV wrh TAHOE deoly A
909 olvAe A= viaE BASA ga, € 59 8% Pue T gud 8% w

Ll

=) 2~
ey

9g o) g3t A

A, dHolEl Hle]2(data base)= Ho] FAEC WiF S A2 ad oA (X-ray) £ X3 5 Ao
aL, diolg Hlolx= S H]J*H:LE” oju A5 Ztztell thate] HETbell ofs AHE W= wia s ¥
T . viAHe R, ey Hlolxae Y S AZe s ojm Ao tigte] ¥ AW S @2 gt
ol A ARE 35S 2= 9l

= 17 =

oluf, dlolel gl FX(110)+ Hlolg Hlo]xd x3E BE SH AZY 1w ouxEd g Fa3 HJuE
4 gowAE At EFZAGE A Fol7] Hste wE HAAE e wek v AEEES FIEE 5 9l
t}. (S710)

a8, dHeole Ay FX(110)+= 9 AlZH 23 ojux]e] HE wlg AR} izt AF FA JRE o] 83}
o SjF =W AT o]nA S B Y F o] sl Helor BFE £ . (S720)

ddie] XE wgelA F4 we 24 /= Al =4 2 71 I

Point A-Nasion-Point B(ANB)®} Wits 7= Al 27 #AE Adses F

ANB= o3} stote] #AIE welal, A-NasionB Ho] 2= =44 4 Q).

Wits H7b= A3 9 E49X9 A4S dehlle Al 24 #AE /387 98 24 Wgoltt. o9 2

Wits H7t= Hd AxX AdE X H o)A (cusp interdigitation) F¥S H3] 28 ¥ HWH(Occlusal

plane) Aol A XA B AAE FHor FdFozN AHE 5 Q). Wits H7be AW 7= Hlojx
A

(anterior cranial base) Zr&=ol #AIgle]l 712 #AAE Yeld= HollA

_12_



[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

S=S0l 10-2545906

& Axalw, Jarabake) gs BIOK o gre sx 27 vz AgaE A we AenE F A
QuAR) WoITt. Jarabake] W& (“5H AW wol W& e A £ A Y AWE Age, F

Bjork

ok
i
ki
oo
ol

W A& 0] (Sella-Gonion)E AW A= =o](Nasion-Menton) & Wir o & Axk"E 4= glv. adx
9 g& Y& ZE(Saddle angle)(N-S-Ba), B4 ZXx(Articular angle)(S-Ba-Go) % <oFz+d Zh:=(gonial
o} (mandible)®] wte] (body) ¢} skt (ramus)o] 1 AAZF Hote Z4w)o oz Axkd 5+ 3l

ulZoll dleolg Azl A (110)+= ] =]
£ F . ddz, 2d [ BE 32 golgr) AHEEa, BE 115 0.2 D o] A HolEHE A9
sto] AbgEon | 2dl (11L& 0.3 SD o] 34} dlolE S A|e]ste] AMEFALt.

t}.
A ER A9 R $4 37 AW A6, Al RE PEES 599 A5AE 2t ow 1%E &
STk el& S0, A =7 A& fls) dloly ¥ &A= 0.5 ANB + 0.5 Wits 7] Aatsh 2 Zs 24
shi, Bit(lean) ¥ EF AAEHE obdle] F 13} go] Ag /1Fow At
# 1
Method Male Female
Mean SD Mean SD
ANB 2.166 3.167 3.421 2.838
Wits appraisal -4.310 4.707 -3.495 3.930
Bjork 396.433 6.627 398.902 6.457
Jarabak's ratio 65.243 5.196 62.864 4.826
TFAHSR dolg A AR (110)= Frst 2efxze] 7]zx38te] A4 =49 HHe S~ 1, S 11 9 2
g2 102 FEeha, 54 279 AUS Ay, Fh it % A o FEE & v, o, 7 ¥R
A 44 Bl e A EHEs ws e ¢ da 2 FHre RAHQ JIFs F
% olelel E 29} gol 54 £F SD BAE AN AT FYH AL o]

A A ZA (Sagittal) T2 FAVertical)

Class I |Class II| Class Total Normal hyperdivergent hypodivergent Total
I11

Model I | 4326 779 785 5890 4115 835 940 5390
Model 11| 3738 504 581 4823 3511 598 650 4759
Model IIT| 3398 412 511 4321 3120 491 548 4159
oluf, F 20|49 Zo] A TZF 9 £z FA e 3k vl o] HAXeE Yl Bud AV 2dE = gl
b ol d FAlE Folo Evdy T2 9 V|Fe E4oE s B o= dHoly AEdA wAE 5 gl
. &, o9} 22 W B4y BAF sldEA ow, o3t dH By EAE WA dolEHE AHSEY
g3k sk Bdlel: o d"le] i Agke] x3E 4 9o, IR s A4 e dig " Rl 3l
ol A5 Astrt vebd 4 v, dE=, A dHeolHzh it £ wEva JPdshd, Aat HR(EX. A%
B - U2 Do T oY A HEEX. A B - S 11" S8 11D 7F o= 68:16:16 v &=
HEEo] Q7] wiEel e EvE EAV US4 S Y

weha], dlolE Ael A (110)E HE By EAE gy 95t F- dolg Ad x3d SH AZei
o 2 A5S

(110)= " B4y FAES WA 9 Aoz olujxs F vy AAHdE 7

ofy
i)
(T
i6:3
ku

oft
e,
ot
)
¥
lo,
I
)
>
<)
R}
4

i)
o,
=l
N
m\n
i

N
o
QL
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[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0125]

[0126]

ojmf, dlol¥ A FA(110)= H52 HHE F 7P A2 5] U AZdad ovAES E3ete dd
of 71zt frEA HT A AT F Ak dE Bef, & 29 2 [N F4 =49 A F ok D4
o 7 AL el FU AE IR onAES EFetal lernm, ol A FA(110)= ek LAkl o
ok SW Ao onAEe] YA HEd d&she ks e £ 270 ddE Aol 749
2 S A onAES U FETdeeM fad AT Ae AT F A
ol % dlolel Al A (110)= Ho] HRE ZAzbel] e Sw A2 ad ovxs & Fa4d A5 A =
el S A omAES AeF UrA S9 A2 onA5S FH dolE Aom AT F 3
o (S730-2) olw, FEA AT Ao B sds A FdT ] SH AZYaR onAES F=
stol AdEeng, T doly AL ods] HE =@ ZAS AT 5 At
dlele] el FA(110)= & vy Al ¥ 9 AZeas onxE5e] He E4F AE dds}]
skl HE 7 HlES AAAD AT (S740) flolM AT mpeh o] gy R Ao dhgol dad
A doleel we 43S v, dolE AHe X (110)= & dolE Aol x3he Fu A2 onA
59 He 7 e dAANA T RdS SdEAeRA S AZe s ovAEe & 4TS TN
+ St

G wA 4 ok, olsh e ojux Fge OW W ©E§ X-ray

= 54 mazel o8] FAskd & Atk ZW AR 1Y o]viA]
o Fol glom SE%e Brm wi TEE R oldd Fx= AEHL olvA Iy

[e]
. =
7le® 1 =das doly FEo tigh &iko]l S74E = vk

& 37

H 2

Wl dol A FA (0% olvA 34 98 AFHA §iEa

532 AMEE = olth. S sl2EaW FaE o)X |
AT el AEAQ sl2EaW Fslehs Aol7h vk, meEkA, AE saEaW Si ovxe) 7
ol A - il (contrast) B 7Pt AHEE FPA7E W AFR 5 At

%, delg A AX(110)E 59 dds 247 s g 2 olss B3 S AT onxE5e
2 Z7MN713, 2718 &2E AZY o onxEd dAE2# =3 (histogram equalization)S T ZH

FA% YA 5 Ak

olE] A A (110)= ¥ Ed &A7F A=l o sfHE 7 Alg&o] X" A dojE A dl9

AZe 13 onAES o] 83ty Sk A shGalar, (S730-1)olA AAE F8EA HT AS o83

2ds AT F Jrh.(§750) Euk Aoz dolE A FX(110)E AW s AdF3AT

(eXplainable AI, XAI)e] 7]¥ ol aubel CAM(Class Activation Map) 71WS AF&&Fe] 323 (Overfitting)
kel

FF 2 A4S 59 (Feature) F% FF 5 FAFoA S wale A(Qualit)E B7HE 5 Ak,

ok

N

5 9% B dye] dAA o w2 doly AT FA 7} AFstE R FRE EAIS =Ho|t),

% 92 Hmshd, dolg A7 #AX(110)7} AFsteE 2RS4 % DenseNet o}7|Elxe] HE] =g ONN o}7]d)

AE AHgdlon B HolEHZE X- #o|l ¥ 9] AT B HREE A4E HJHRE F AHE-3FSATE.
o =

o7
DenseNet2 HolElE& a&4o= Agstn, B HJA4E FolH, BHE FAE ¢3str] Hd R dolH
ME a3Ael mdolt}, T3l DenseNet2 ImageNet H|o|E A EC] tis] Al THE 7F5XES A Y32z A
+ 5SS AR 4= AUl ImageNet H|oJE] A|EE B @A AlFshs FH AlZe|a® oluix|el= AA th
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[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0134]

[0135]

SSS0ol 10-2545906

EARE W 2de] ofd AlFelA FEd o9l 5 SHEX. 2AZ, 4 5)2 Ak 54l o] AT
54 FF ZRAEE 79 54 Ao wEbA, doly Ag AR (110)= o] d ImageNet HolE AEE
ol AP EdE A ol ewA B dolH e EF des A UG

2 owge] dlele A A (1107 Agshs 2de X- A 9 4¥ gug gades A% 2 PAdn 4%
& A7) A8 2EY dolel 2 Shols wehl el (Hyperparaneter) 2 HHstel = ek, sholw shetul
= Uyl

LR |

A B md Aduto] & £ Qxwk X wlio A= image resizing size, batch size, learning rate,
custom layer9 7 =X 714, dropout rate T3 #o] AR AAF ] FHo] 7HEdtal, el JTFS v
A= I EHE ond = Q).

<+ 2o HolE AP AA(110)7F Algshs B F2= k8 #E 7 91_0_&1 71 Belle] Fahe AR
Aol Holojz FAEW, o] A& Ao HoloE F3 X-raydlA F&F H =

AR A4dE 5 9o,

WA Conv layer< convolutional layer®, ¥4+

d FH AHE HEgsle] IAE FE5= 752 73 4 Ar}b. Max pool layer< max pooling layer®, ©]
nze] 715 Folvd AHEE 4 Atk oW, Max®] v+ 574 X (patch)(ex. 3 by 3)olA 7H§ & A
S W71 v A E HEle 3s e ¢ Q.

Dense block < 2709] conv layer9} 3}4+2] concatenate layer 7} @1Z2%® eyl B4 7] 249 4= ).
Concatenate layert F7F& #ol& 7/IHCo= dense blocke W A& —%017& AB7} 2 conv-conv-concg
AvA 37 FEEHE d 2 Atolatelel AlESiA E ARIF FUbEE 7x2E UEE ¢ Utk 5 dense
blocke HZ A& 7+ oA FEHE A7 ASHA FHA= s 7P 9lolA densely connected
convolutional dense blocko]&}al F-Et},

Transition layer+ conve®} 2by2 max pooling® = 4= < 9il, Fully-connected layer Alolof

= =
A4 (connection)o] Y2 u]d 4 Qo D dimensioneE output vectord V]S vEld ¢ U,
Drop out< Sh5wAll A AA AZoA dropout rateWtFel AZAL wiH AFA EE AL g g Ut
input layerelA 1W2 MZ=ad ou]x7} fg¥ 1, 2¥ 22 AE AE7 4dE 5 9
layer= 44 AE ¥F& AT + Urt.
npxjuto g2 EHo) s diagnosis layert fully connected layero]m™, ¥ o H]O]H ﬂﬁl 1}—]
0)7} 3% classification wAl°]7] wiitoll dimension & 30| 7} class9 &S
activation function®2 soft max’} AFH&E % Slt}.

[*]

17dell A AnE AAdES t=do] 74848, AZEd] 84, H/EE studo] 84 B AXEY
FARLAY] 2o FEE F vt dE 5o, AA S0 dHE A, ¥ L FH8EE, A8 =
, Z2AMA, ZEEY, ALU(arithmetic logic unit), YXE A& ZZAA(digital signal processor), P}
I =757, FPGA(field programmable gate array), PLU(programmable logic unit), V}O|IARZZAA | E=
e (instruction)S Aalsli Sws 4= 9= th2 ojust g o} o], HE AFEH F ES By ARHS
&3t Fdd & Atk A" e 9 AA0S) 2 A7 &9 AA el FHEE 2ZEY] &
o]

-
—_L
.

o

AoldE FhF ¢ Avk. Eg, A FXe= LZES o A Fgstd, dHeolHE , A, 24, A
g 2 AT s k. os9 HYE Ak, AP A= st AHEEE Aor AWE F9E AR
G TlEwokoll A B AAS UM A, AP X7 54 0] A2 84 (processing element) H/HEE
25 F89 A 845 EFT £ USS & 7 AT dE 5o, AP A= HF Y ZEAAN EEs )
o] T2 A 9 el AESHE XS 5 k. mgk, WY Z2 A X (parallel processor)$t &, ThE

2] A (processing configuration)® 7}&3}c}.

AT EYo]E= AFEH ZZ W (computer program), FZE(code), BH (instruction), TE o5 F &} o]4t9]

29 TR # dovl, Aske WE SARES Au FNE PYMAG SURoR Et APHow
(collectively) Ael 3T WHF & b, 2zZEde] R/ dolel, A Fxo ostol 454

A
A gAol B we dolHE A Askel, ol F39 A, T4 L2 (component), EHH FA, 1
A (virtual equipnent), FFE AF WAl EE 3, Ex A5HE AB SHsigmal vave)d JFHOE,
E AAHoR FASH(enbody)E ¢ AT, AZEdols EAZZ AFW WFY A2Y ol BslolA,
BUE WHoE AYEAL 299 £E vk 2ZEd0] % doldt AFH BE b5 /1% A A3
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[0136]

[0137]

[0138]

[0139]

[0140]

SS90l 10-2545906

T Uk

AAlde] wE e thekdt FAFE Fas Feke FaddE ¢ e ZEad HWE FJHE Fdyo] FASFHE 2
5 7t viAe 7152 4 dY. AFE #5 s viAe Z209 9y, dolE g, oy &2 T2 ¢
Fo8 T sty X £ Jon A VEHe T2 WHe AAdE Qe 5 dAFL T
AE Ao AU AFH AZEd o] PRl Al TAH AHE 7 AY = AT, HFH dE ks 71E
uj A o] o= = tad, Z23 tad 2 2] o)X e} 2 27| wfA(magnetic media), CD-ROM, DVD<}
2 371% wiA|(optical media), ZFEIA tlXxZ(floptical disk)9} 7S A7]-% viA (magneto-optical
media), 2 F(ROM), FRA), ZA W2 T34 2T 203 9Yis At FIPstes 5H3] A4
st=glol Fx7 2dEnk. Z2a9 gEo oo HIpded] o5 wEoAE AR TS VAo mET

L—‘é_
ozt ALY & AREAM HFE e oJsiM AL 4 3l e Aol IEE AR

Aol MEF ool FAE AAde] FAL YY) A8 st wi B AxEge] RERA 4%
%% 749 5 9or, 1 9% shelt,

ol gt ol AAldlEe] W% @AW mwel ols] AgHoLt, dF ARl N Fael 442 sha A
% VxE W /€A £4 L WIS 8T 5 Ao S Hof, MW s|EEo] yE YU e
SN2 FRHAY, Q/EE AP A2Y, PR, P, A2 5o FHLsEel 49E Pud de Jez
A% we 2L, dE AL EE FERA st dHAY A@HdSE 449 A3} gyd
siek,

aeBE, e PEE, GE AAddE 2 ST F5T AEE FEse ST W £
o,

FEe dy

100 = ol Al AJ=E
110 = dlolel A= &
111+ ZFZAA

120 : &Ake] ojmA] wlo]H
130 : S5 =El

140 : tjx=Z o]

Eq
EW]
100
120
110

GIolE M2| FX|

111

Z2 A A

130

|IIHHE%IH%%%III
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EH2

No Anatomical

Landmarks

1 Sella turcica

2 nasion

3 orbitate

4 porion

5 subspinate

6 supramentale

7 pogonion

8 menton

9 gnathion

10 gonion

11 | lower incisal incision
12 upper lip

13 lower lip

14 subnasale

15 | soft tissue pogonion
16 | posterior nasal spine
17 | anterior nasal spine
18 | anterior nasal spine

articulate

19
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(c)
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k1
N
N

C az )

7 S710

Data base
(X-ray, Annotated
land-mark, and
gender)

Preprocessing

v S720

Diagnosis (labelling) using
landmark and gender

L~ S730
Randomized Data split

57302 | s7301
/ Randomized Data split / / Validation set /

- S740

Augmentation
5750
Model training and
validation
£z

k1
N2
(')

B4l Ofcigsnl Mans
W LR = ¥

Parallel 1o SN Hn«

&

Mandibular plane
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N2
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Diagnosis
Class 1
Class 2
Class 3

AP YOS ‘PIIIULOI-Afng

£0 modoig

BJEUBEIUOT

paauuoI-Ajng

paauuea-find avzol

() 201 Bsusg

(g) 1afe) uonpsues |

() y201q 3suag

(z) 1afe| uomsues)

(2) y201q asuag

(1) Jafe) uopisues)

{T) 2019 asuag

7 apuis ‘jood XeWw g x £

Z 9pUIS MDY % £

>
o
=
-
5
a
=

7850

Male

£}
=
&
-
.2
B
=

Dense block

1l

Weighting layer
Input 2 {Patient data)

Patient 1D
Gender

7 apuls ‘jood Xew 7 x 7

3)EU)EIUDT)
e )

- e

ajeuEINnY =

AMIOIT x T

BEURIEIUDD

MO E ® € =

MO T ® T
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