Bj3nLfa
ZOWES 10-2021-0103183  [EI3E%

O (19) it =53] % (KR) (11) Z/AME  10-2021-0103183

(12) F7/WE3FE(A) (43) FALA  2021908Y23Y
(51) A58 &F(Int. Cl.) (71) &4
GO6T 11/00 (2006.01) GO6T 5/00 (2019.01) 57w St Jh‘aa'&
GO6T 7/11 (2017.01) GO6T 7/13 (2017.01) Z2RUe Aok BUT WHW =48 1600 (3
GO6T 7/136 (2017.01) 7] u S g ay)
(52) CPCEFEH (72) =gz}
GO6T 11/003 (2013.01) 29H
GO6K 9/00885 (2013.01) AZERA A GdlZ 211(F X 7|nS 1095, o}
(21) &9 s 10-2020-0017600 22y 1012% 1015
(22) &2494# 20209024 13¢ (74) &)l
AT 202004029139 0|43
AA A+ 0 F 12 g
(54) ¥ WA W] EFAAY 7|dtste 239 47 HwA] AAAFTH 2L 9y
(57) & ¢<F

w o] B Ao 7l 23k A7E WAl AAdFA D WS JfA] S

2 AAd=, CT(Computed Tomography) ©JF|X|ZH-E wWe] A (shape)S A8k, wmeol g 9L E4

(material property) ®XE 7|Hlo = ] 7:'74](boundary ) 2 lJHE’*(mside)oﬂ S (node) & At A
o] d2Y) 473} (Delaunay triangularization) 71H-& H&stozxn 22 4+z WAl (triangular mesh)Z

AJxo g2 A= WAl AR 2 HHS A F3),

o F - %1

100 103
101 102 r—————- */**ﬂ 104
| = AMH- |
olo|x| | o= |
| HEo
|
|
ojo| x| AEES
| AT
L — |
|




ZIHSd 10-2021-0103183

(52) CPCES|&EFH

GO6T 5/002 (2013.01)
GO6T 7/11 (2017.01)

GO6T 7/13 (2017.01)

GO6T 7/136 (2017.01)
GO6K 2209/055 (2013.01)
GO6T 2207/10081 (2013.01)
GO6T 2207/30008 (2013.01)




SIHS31 10-2021-0103183

7 A A
FrHY
ATE 1

CT(Computerized Tomography) ©]u|x|el]l tha] A F&(segmentation)S 3Psfe] w] ojw]x] % w2 (mask)

oAIE s 2EFET

A7) mpag ol X2 EE w o] AA (boundary)ol] dM@stE Zglgfel(polyline)S WA= Zjzkel AAYE;
7] W olmAE2RY F5HE &/ (material property)®] ®stE(gradient)E ©]&3te] 7] wie] Al ¢
Xol= H49] AA :=Z(boundary node) % 7] W] WHF-(inside)ol X s HFY WF =E=(inside

node) & A3 =N, L

A7) B AA wE9 AV B4 WE =EE 7 x2 2 2L A2 YA (triangular mesh) S A4S H A
A2 5

= ¥335}= AL EH o= 3= vA] AR (mesh generator).

AT 2

ALZo] QoiA,
47) Eelekal A RE,

}7] mla~3 oluxof| wlA Az (Marching Squares) 7)1 % 8-3lo] A 2
low pass filter) ® ZAA FE (edge filter)d H{F T ARE HEslo] Ay Zggpels R

O
smoothly) W3HA7]= A& Aoz sk vA] A44A.

o

~ o~

7% 3
A&l loj A,

@17] = /\g AR

T\__,
7] e BA EE lﬂToﬂ A 7] w el R)e] FAl(pixel)ol dHiste] B4 WIEE AHASte WSl AMA Y
(gradient evaluator); %
A7) MBS E o] &3sle], A7) W olux|e] HAZRE AAEE WY =T (random node)E 7|Htoz Av] A7
= e AV WE =5 AASE == 7] (node selector)
& Xl AS B 3= vwA] AGEA
AT 4
Al3&el o)A
A7 == E
A7 dg o tidk HstEE AHAStaL, Ay HEEE v|vto® dAX] (threshold) S RS, Ar] 99
w=o )&t WPzt (random value)S A, A7) %Eé%kol A7 AAA olskl A4S, V] WY w==E
A7) AA R Ee AV UE =22 AASE e 5P e WAl A

A7) Zaerel Ale] JAMeRE APE AY w2 swoz v HEEAAy] B v HAI|E o] Lste] A
7] AA x=Z(boundary node)E A, 7] Hd¥ Hd HA(maximum deflection)d} ZHo| HA Zol
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(maximum edge length)E o]&3te] 7] AA w=o URE Zdse AS 5o sk WA LA

A7) mEAANRE
A7 AA = FA ASE WASH7] {5k, o] %8l=(neighboring) 7 AA =EE o]&3sle] AHE WY
LEE dto R Y] WslEAbA Y] 9 3] =EXAYTE o835t V] UR i FUieteE AE 5EAHow

A7) el olmx o] Y FHAgRE PAE WY =S vwos Ay HEEAAY] @ A7) mEMAAHTE o
£3to] A7) U =28 YAIE AS EHoR dhe vA A

AT 8

A1gel del A,

&7 A=,

A7) BEo A =& B 559 AU UE == 47 diste], 4] =5 FHche BRE AAE F
A (centroid)el Z+ 2ol HAS 73 (weighted sum)dtE WA A% (mesh smoothing)S 7|9ro & Ab7]
A7y Aol F- (quality)S MASHE AS 5EFo2 st dA] A .

A3 9

WAl AJAG7GR] o] WAl A lojA,

CT(Computerized Tomography) ©o]u]=]el]l thal] ZA] E3H(segmentation)S F=8§3sle] W oju]x] @ w3 (mask)
oM A& A= 4

A7) wpaT olm A2 HE A7) W o] A A (boundary)el dEsh= E8] &<l (polyline)S AAA3= A,

J7) W olm A2 HE = =/ (material property)®] W3}k (gradient)E ©]-83ke] 7] we] A 9

Aot= He AA iE(boundary node) ¥ 7] el Wi (inside)ol A= 59 UF :=Z(inside
node) & AAdsh= #4; 2

A7) Bpe AA wE9 A7) B YR =2 J1%x2 2 29 A WA (triangular mesh) S A e A
< X¥ste AS 5o sk WAl A Y (mesh generating method)

379 10

A9l Slel A,

47 wES YR e,

o

g7] we] AA e ellA 7] w ool xe] HA(pixel)ol st A WsteE iHgskE @Al o

A7) WS EE o]&3sle], Ay W oln XY FAAdzRE AAFEE WY =E(random node)E 7|RroE A7) AA
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A7) WY s tid WS E sHgstal, A7) Wt E 7IRke R QA (threshold) & A8k, A7 AE
o g3k Mgk (random value)s AA3I], 7] #AFko]l A7 AR oldiel A5, AV A ==&
71 A mE EE AT U =ER AAskE RS SR o viA] AW,

AT 12

98 WA %]11?5L <>1L i 6‘01] 2 WAl Aol xshe 72 dAE gAY fste] AFEE ¢

] A

7l & & oF

22wl Bl TiwtelE 2xk AR mAl A3 A H el #ek Feltk. uS AAlsHAlE

CT(Computerized Tomography) =28 S5 JAo T HE o] EFAAd 7|wHels 2x1d A2 A S AEo
& A sk Al A B e #ek Flolt,

I A

olafel l&HE gL wes] ¥ wwd BEANE N3 Auwe ATT B FAES THIE Aol
ohtt.
AAE Bgom F APl AA, M§H, BUHA Aol mECH ot A% FRsH; AA ¥

o

o}
4 (bio-mechanical analysis)S <33}7] 98], #3224 H(finite element method)d & A& 9]
(simulation) o] o] &Ht}. FIaAHE o] &3ty fdlAe WA (mesh)Z HdE F384h Hdlo] Aoy
ofof g}, FeEfll= AAE FAsHE M (bone)7F 71A FE3 Zo] AT EA (homogeneous object)zh= 713
stell Fa8 s Ro] AHoHJURIEHEH 1 Fx). ey e ZAHoR E7ds & (heterogeneous
object)olth. oA, YE(density), @5 (Young's modulus), 3Eo}&H] (Poisson's ratio) 5¢ Z4 (material
property)©] ® ulFolx W 4 v}, wpehA WE FH EAZ S, wo i fese] JE=
7t srotd utell ik,

CT(computed tomography) ©]R|XZ4E o] &AF(shape)S AT (reconstruction)d 3=, we] FAlo] o3l
Frete 2 A WA (mesh)E sk thEst WAl AW Ee] EAlgtt. T8 T899 YHES me] gt
S mHste] WAE AAst, W Ee B4 E¥(material distribution)® ZHEA Gevr. 24 EXE
sty HalAE Ftask, S 74 wAAut B4 WEE Aol sk, wAZE 2 A

35
Well M= 4o gAsH Md o= glermz o] &4 L2371 Atz 23857 otk AL

olefgh Al WAy s BEAYE ;A WA APEEEC] ARHJATGCISIHED 2, 3 F=).
aed, oled ARES, Yo BEsta B4 Webh A4 2L BAS o s, HA 44 F A
= A A (refinement)3sl= IS
weba, Gl

o WAle a71E
o] 7453k vA] Ao @ E T,

—

H] £ 5]¢]
(HE&E3 0001) H]ESFE 1: N. Trabelsi, Z. Yosibash, C. Wutte, P. Augat, and S. Eberle, 2011, *

Patient-specific finite element analysis of the human femur —A double-blinded biomechanical validation
7 Journal of Biomechanics, Vol. 44, No. 9, pp. 1666~1672.

(B E3E3 0002) K. H. Shin, 2005, “mesh generation for finite element analysis of functionally
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graded materials” , In Proceedings of American Society of Mechanical Engineers, International
Mechanical Engineering Congress & Exposition (Orlando, FL, Nov. 5~11, 2005), pp. 199~206.

(R E&]F& 0003) Y. H. You, X. Y. Kou, and S. T. Tan, 2015, “Adaptive meshing for finite element
analysis of heterogeneous materials” , Computer-Aided Design, Vol. 62, pp. 176~189.

€(u=38 %3 0004) H|E3FE3 4: D. Mun and B. C. Kim, 2017, “Three-dimensional solid reconstruction
of a human bone from CT images using interpolation with triangular Bzier patches," Journal of
Mechanical Science and Technology, vol. 31, No. 8, pp. 3875~3886.

(HESE3 0005) HIESEE 5: D. C. Wirtz, N. Schiffers, T. Pandorf, K. Radermacher, D. Weichert,
and R. Forst, 2000, “Critical evaluation of known bone material properties to realize anisotropic FE-
simulation of the proximal femur” , Journal of Biomechanics, Vol. 33, No. 10, pp. 1325~1330.

(HESE3 0006) HIESFEE 6: J. Kim, 2017, “An iterative mesh untangling algorithm using edge
flip,” Mathematical Problems in Engineering, Vol. 2017, Article ID 2953736, 10 pages.

gige] g
S dst = HA

£ 7fAl=, CT(Computed Tomography) ©]F|A]ZF-E w2 &/J(shape)S TAstaL, Wl A 2 54 (material
property) X5 7|9t 2 w o] AA (boundary) ¥ WF-(inside)dl == (node)E AAITH. A o
24| 4H7tsl(Delaunay triangularization) 71'H& Hgsto2H 2219 4HZb WA (triangular mesh)E A5o=2
sk WAl ARAGA H ARS A o FE FAo] vt

HAe] dd T

2 o] Ao w2, CT(Computerized Tomography) ©®|=|o] tha] A - 3t(segmentation)S =33}
W ooln %] @ wixF(mask) ©|PAE A= BELFEY; V] v onA 25 we] 7 A (boundary)el
st EE el (polyline) & AAste ZElekl AT 7] W oA ERE g5EE= EXA(material
property)®] W3}k (gradient)E ©|§3ste] 7] we] AAlo st 59 AA =E=(boundary node) ¥ “&

7] w1 o] WH-(inside)o] $1A 8= E49 Y& =S (inside node)E AAsE =2 AAdR; @ A7) B9 A7
st A7) Hae iR =g VxR 2 A A wlA(triangular mesh) S A S WA AARE Ei}eh=
AE EAR o7 3= WA AWAA ] (mesh generator)S #|-&3kt}.

2 odge] o2 AAlde wEw | WAl AR wA] A H 9lejA], CT(Computerized Tomography) ©]W]
Aol thaf] A H3H(segmentation)S F=Ete] w ojw|x] W wiAF(mask) o|vAE AAFE HA; AV vlx

3 oA ZEE 7] we] A (boundary) ol sl@dsh= EEQl(polyline) S A3 24 7] W onX &
2H 55+ 24 (material property)d W3lE(gradient)E o]-&3lo] A7) we] HA] YAaeE B4
Al :=Z(boundary node) E A7] W] WF(inside)o X3t B9 WHE =E(inside node)S A= 3}
Ay 2 A7 BeY A =2 A7 B R wEE 7122 2 A9 A wlA (triangular mesh)E A3}

= JAS ¥l AS EFo 2 st WAl AW H (mesh generating method)S A|3-3tc}.

2 3] o2 AAdel mEw WAl AgEHe] x3ske 4 dAIE A7V f5te] AFEHE A4S F U
= 715 viAd AdE AFHEZE RS AEett

ggo] g7

ol oA sl ulo} o] B AA|de] w=w, we] FAF I EX(material property) XS 7|Hlo R “19]
74 Al (boundary) 2 WH-(inside)o] A3 :Z(node)dl, E=Y 423} (Delaunay triangularization) 719
g3t 22 AHZF v Al (triangular mesh)E AFo 2 A= ]]%@%ﬂ%}%@%ﬂ#@iiﬁ,%@
BIZ7 48 WHals H2oA u 2E&(finer) WAS HAstE Aol 7FsalxE 2371 9

EHe] 7l
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12 ¥ wge] o Adee] B A Ay Bewet

%2t B owgel O Adde] Be Feleel e F1 wE 9 37 wEE gehils Az,
E 3% 2 owge] @ AAde] B 97 el oA molT)

E 4t B owge] d Adde] BE A =S Frtel i@ g et

% 5% 2 el o Axde] nhE FA Y el W wEE Frbshe Qo] Bd Admoln

% 6e 2 we] @ AAde] e WA AR oA mol)

% 7& B ougel d Axde] B2 wA Ayl Aselt

E8e X we] 9 AAde] e vEEel W B As ehls dazoelt

% 9% ® wge] o AAeo] uhE gEEel tet WA 44 Aol Aotk

, ]
qEs a8 Reldlel Bul. ER 2 A4
[e]

’ =
TAAR] Aol & ArldEe axE T g jvhal ddE= A5l

EE, B NS FAeAE Adett d oM, A 1, Al 2, A B, (2), (b) 5o 8olF A8
Ak, Clel gol o FYRLE BE FHRL PG AP AL ®, 2 ol odf AT AL
BAo} e mE w4 Fol BAHA wevh. A AANA, ofdl Rio] oW FHRAE 'EF,
A REI ol BER MAHE AV RE B G LSS AUGE Aol o G Fha
A8 U 2T 5 Q= AL AU E=F, GAN AR R RE S0 foli Holw st /]
ol 2L Aste WAR Jdvisn], o suelolt aZEd] i st R aZEdold AFO
2 g 5

ArE wRa W ool AAE AF Ame 2 el aaxel AAFHE AYsag s gleln, ¥
wo] A gl FUF AAFHE G ag sk Ae] ohtt,

A=, CT(Computed Tomography) olm| A ZHE w o] ¥ (shape)S FASFaL, weo] Fg 2
property) ¥ 5 7|dto g we] HA(boundary) E WHF-(inside)ol :=Z(node)E AAITE. A o o
24| 4Ztsl(Delaunay triangularization) 7I'H-E& H-&3sto =24 2219 4H2b oAl (triangular mesh)& Aso =2
Aste wAl AR B E S ATt

o8h, PhF(mask) % TR o]ulAE BAF oJv]2 ALgHLE,
o B oume 9 Ade] me vA) AgEA ) Sewolt,

Boabygo] AA]de] lojA, WAl A (100)= CT(Computed Tomography) ©w|A|23-E] o] &/t (shape)S
TAdsta, e FAF 2 E/4d (material property) WSHE 7|dko R we] Z 7 (boundary) 2 WlH-(inside)el A
Ae =Z(node)dl, Y=Yl AZ3F(Delaunay triangularization) 7IHS HE&gozx 239 A7 Uﬂ]
(triangular mesh)& Aso= At oAl GG (100)= LZFE7(101), 9 F55(102),

A E-(103) 2 A E-(104) 9] M e dRE 23T},

ki

B AN dd] wE B&3=ZX(101)E CT(Computerized Tomography) olm]=|el thall A #3F(segmentation)<
Festo] w ol x] @ wlAF(mask) o|P|AE AT BEFEH(101)E AAY BE F7]|(organ)E X F3)
WA Z5E W RS REsit. A 22 oA F49 JIdS Y] wie, HEo2 o)
Wo
H=

=
nA=E A5

o

5 g AA REPEe gk mebd, A8ATE o daela, Agd LeUNe Aus B 4
Qe FAF T, BaA : 4% & At

B AAdo A= B4 99 (Region of Interest: RODo theh IAIX ZEH (threshold filtering), 84 A=
ection), FH ZE ™ (morphological filtering) 55 o]&3slE A EIPA(HESHES 4 I
8ol wEAlE wie} o], EIFZHF(101)+ AA F&o A=A we] ojux] @ npx35

(component s
Zx)o] o]g4d

-E‘i
b1

_7_
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BEE = vk, oA71A, viaas o)X olu A (binary image)ZA, WAL 0] A (pixel)ghe, vk F-E

2 A M2 ZFER] FE2F(102)E vh=A25E W] A7 (boundary)dll sk E8] 2 (polyline) &
At A FEREH ALE vfaa onAe WHAIE AT 9SS YUERAY. gy o R|oflA vl=
HAE AT 4 glom=z  wlaz ouX|7}t Fgoz WMzl oor sy, ZEEel FE5(102)= vl=ze H
Al(boundary) & Zelgtl oz WHEsit}h

T2y B el o AAde] mE ZEl Y $H == 2 A7 ==& YEhe dA| ot

ZE el —’:r“?;‘*‘d(IOZ)b U]'f‘] -ﬁ‘ﬂ(Marching Cubes) 71¥9] 2 = wdel w3 AZFE (Marching Squares) 7]
H s NS FET AT m AP 7R oluA] Al A= 4 9 ol k3=
= A7k (neighbor ing p1xel Value)ﬂ zk= THEe AAES AT, MY 2l o]u] %] (binary
image) & ©|&3to] AMAEo]l Faate Fol digk &% i (contour line)o FEefrt 444 "F Atk 714

Ao e A e A-&Ew, ZF Ay

o
©
op
o
&
.z
Lo
on
T f
ro
i ©
)
sg

32
>~
>
N
N
o
g
o
N,

T ARL E9M-(isoline) o2 FRAY. AHgEe o] Zt AMZby e A
A &2 AES Agste] dA SH4AA EZEele]l AE = vt vhaA on|X= 0 255 F g 7HA
o2, S48 03 255 Afole FAE 4 o, el FE5(102)E 1 T3 @ 127.55 HkeHe 128
Zh= S9AS FE3)

G H S594& FEFsd AddA

vl om |7 F ol Fgoem FHHEY| ulFd, viAad oW X2
(aliasing)o] AT = vk, AGALS HEA7I7] fal, ZEed FE55102)+= AdS AE(low pass
filter)ql 7F§-A1Qt B (Gaussian filter)E ©|&3te] FE=g|® wixa on|x& S 5, vk AH43E 7)Y
S Hegd 4 ok, =3, ZejElele] AA PE (edge filter)Ql 2HEZkAler FE (Laplacian filter)E 283}
o, Fuug P Eeede]l #4444 -’F A

]
ekl S AL, F5 ZYekd Bl =E(node)E AEE W, $H =E(candidate node) = ©]-&

=

2 4 dy. E 29 (a)& LE8%F UEHE(right femur)e] 4o disle] R 49 e FH =5 YE

U=

2 AA e 2 ==AGHE(103)F W olmX2REH A5HE 249 Wik (gradient)E o83t we] A

2 Y He| ==& AT, == AAAE(103)= W3 =AM 7] (gradient evaluator, 111) % ==21A7](node
2

2 AAde] wE W=7 (111)+ M) AA 2 W on|x] FA(pixel)dl i) B4 tﬁ_ﬁ}% e
= WX (gradient)E AHASTE. HA] AAGA(100)+= 2] E2A 4 (heterogeneity)ol
oz wAle] Aztaso A7 g2A YA 4= . o] 9lste], &4 W3l tidh

CT oux]& FA3te FAELS HU(Hounsfield unit)gts YERAT. HUES BT 48y =AY 379 &
o] WA S (radiodensity) S ZHzE -1,000 HUSF 0 HUQl Aoz 71&& AAS & (T —‘f—i}g(penetration
ratio)S FAgke ghelth. 49, 371y A (fat)S 59 HUgLS 7FAH, w= ol =& HURLS

2 Al ]H%, el =48 ﬁ?ﬂﬁ}% o= %l% O]“‘lf‘}ﬂ} HU%E-S “‘ﬁﬁ D‘E(densmy)g} 48 g3 A
= % 59 ATt mgh,
E Oé (Young s modulus)i} XolEn ](Pmsson s ratlo)E F4e —’F— })\QEE, HUFto. &2 weo] BAS
AL FHAd 4 k. wEkA, we A wslE HUae Wsle(gradient)e] 7|2 3" &
2 1o FHE wpep Zo], WA HFFAY == FHIE (x,y)ol tiste] WSEAE7(111) = We] olw|
A 2REH ¥ 7] z2(x,y)E AT,

[IVIGGD, i)l
max||VI(i(x),j(y)l

z(x,y) =



[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

ZIHSd 10-2021-0103183

oA71M, (i,j)= CT olvA #HFEA el w=xe fxlolar | 1(i,j)= (1,DolAe] ojwA] FAdgto|tt,

VI, j) J
: = (i,))elAe] Wste WEolar, . -1

A #E (e Al #EA e #HE (x,y)

12 Form) S oudeh, =&, i(x) 2 i(y)E, T °
o BAHeRA, S 22 e § it

N

7814 2

i(x)

1
=
O
=
=
o

x—0,
Ax )

<
(o
1
iy
O
c
3
Q.

y_oy)
Ay

X
oq71A, . = WA HEA A olulx] YHola, . o . E Zhzb vl FHEA Al A
CT olm|=] HAl9] x, y Wk st 7HA (spacing)elth. 82 19 2w, W= 7] z(x,y)= 0FH 17t

2 AAlde & ==XA7](112)= W] ojnx] HAZ2RE AAEE WY =Z(random node)ol| thsle], W&}
55 o83l xtE AAdltt

LEA7(112)+= W] AA e UFe oo HAo w=d AAPE u, HIlEE o8ty o NS
stgxor AT, we AA EE P dY T (random node)o] Wste], ==MAA7](112)E H3FEAA

ZI(1IDE o]gste] F8k2] 1o mdE vhe} 22 HSEE (T o|nX] i AolA AbA st} 48k 30 ¥&
B ompel o], ==AAY|(112)= WEEE IA SH4=(threshold function) foll &3l A X (threshold)
§(£10,1HE AA g},

84 3
§ = f(z(x,y))
WY o tfgsEE @t p(€[0,1DE A, AdE ddgke] AAA olsk(p = §)old, ==MdA7]

=
=
(112)F 9 =58 FHFHA Wy =2 A 4= g},

AA 3= 9E F7Hmonotonically increasing)dte $haolth. - AAlde & 39 =AIE Bie} e 5 71K
el dx It 5 F o= AolE o] g3y, WEEA] o] dAdt= A2 ofvw, thE Fulo ©wx TV}
st o] g3 4 Q. AA 4T AAEE AR §9 W= A4 05 17K o))

T 39 TAo|A] #2 3= (homogeneous function)® A5 SG5EA, o] F4-E Algstd, WE #Asitn 7}

Qx8= AA ==(boundary node)E A= 34
A o922 =5 A7) il AA el W ="
o Al AAE F Jornz, nsAHFR(103)= A

5 o

N, 1Y AR AEe oA AL B
]_

s =28 AT = vk, A= gy ==
oA mro] S A, FAATS THSE A5, AA EEAY FE(curvature)d wEf =9 J)
F7F 2Ee £ oy, B AAddMe AA ZglEel Ao B4 Wi: modn

29l (b)=, L% E=E(right femur)] dFol diste] A Fo FH vt FollA AA === Ad
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wouRel A wmE=e] Jiee = Aol diste]. =EAF(103)= 4 WskE g sho]

AA%) A wEB AA] WA FehA 4o] T vreh Zol, W Fye AAZIY O

AR T, RS ) vel 44T wmel e A el AS St AAE st

784 4

Ny = 40

AR oS o] BA Felehelql A, Feletels] Zolo] wdste] - P )] wEs Pad & 9

=

Hezgh vpel o] Fjeels TAskE A4S FH O =ER 01%5}0%, =EARN-(103)E A =2E A4

S ogieh. Eelekel o) FR vk nne AF) A, 0 A Fol shtel A w=sb Aedr, deg
= XA 7

) n i
Zo tiste], == AAR(103)E W3 A7 (111) 2 == 71(112) & o] &3t &T kel 49

nb( np =n

7W7F 2 w7kA A

3 7] AAE AW HeF(maximum deflection)d 7] AA® Hd A dol(maximum edge length)E ©]-&3}
o mEAAAR(103)E ZlEkel Ao AA »ro UEE 2HE £ vk =GR (103)E T o ¥
H =258 FAoR £33y, =27t ojv] AA =22 AgE AfolH FASL A& w3, AA =
=2 APE A97F obd TR o tiste], Wdo] mejEtt, AL, ® 4o EAJE upel Fol(@ B @),
g wroA U UoE 5SS d&EFor Add ZEely, o FEle 4 ¥ eSS ol AR
7k Ao Aglz AFowoh, Heke] Hof AGgrT; 22 s 7 AR ey, =EAAR(103) = A8 ¥
s EYEQ A A w22 Frhsih,

o] HHF3 Ao A3 He] Zol7t 4

A gkl AT AolAA, WAE FAsE Ates @
4o EAE vhel ol(® W @), Ho) AL WA g A%e] Lol2 AY 47
==

s
oA AR T, mEAYR109)E ARl ¢ € mEE Ede b,
o

4
N

BA =& AL A8 AE AdEE 2SS, AA UFe HAg A =Evb glod AA Fe] B4
E e se] F4do] Astd £ vk, =EAAR(103)E = 29 (o)d ZAE Hlel Zo] AA el Ui
LEZ F13th. & 5ol ZAE nke} o], FrlEE mEo YA e okdte F AA =X 60 £o AEE
HAgsheE Loltt. o] fXlo tiste], WMIEARA Y] (111) 2 ==X A7](112)E o] &3&te] AA Wie] At ==
7V F7vEd 4 A

olgl, w=EAAGF(103)7F W] UF, & ZE Y dlFd $Xske= W =E(inside node)E Adste 774

LEAGR103)E W FAe VR, AR HYdr dy =2 Adgsiar, AE3 oo wmeo] YR g9 ul
oyt AL A3t WY w2 Hdusy), AedE iy T sty WMaEAA ] (111) ¥ »=TAA7(112)E

-

olgate], Wi =yt e £ oqrk. AR UF == At Tt 7 E grbR] == R(103)E

A s A& s

E AN ] wE AR (104)= =5 7|Hto 2 23] A7 WA (triangular mesh)E At == A

AE04H7F AT AA == 2 uyF ==E o&ste] wWAAAEAR (104 E2Ul AZsH(Delaunay

triangularization) 7]'H< o]®3ste] dzY] Z7A(Delaunay condition)S WESE wAlo] Ao As AT
Jo

Soqr o7lN, "Ed 24 B Az4gel 99 Wi AL Fold A AR oW FE HaH ghol
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Zrate o == A AW F(convex hull)E THE7] wlFoll, weo] AA o= Azta 47}
‘?}—E—OV.% T Ak, wEhA WA E(104) = W] AA o)Fel e AL AE AAS.
T 62 2 el o AAde] mE HA] 2] dA| Lot}
d2d A2 A s A mre F2E J1ds] Y8 WA (104) = 9954 7he(area centroid
weighting) Wiol| 7]¥kal= ] 2% (mesh smoothing)S A& 4 v}, dA9FA 715 e 7tz
zd gEl, 2 ==& FFche BE Y 8459 FA(centroid)o 2 AZE WA

O

S 7V (weighted
sum)ste] AT HHE =T Al YAZ AREST. =E9] 91X Pl g A =9 HXE= 4784 52 e
=
#2914 5
) A C
Pnew Zi:]_:kk
Pnew - = - 2= - = 537 O =] - &S 2= Ck -
oA71A, - = == P Al A, S(SE AP E == PE FRsE A4 g, = k H1A

S el |Aeln, i, - ROW 5 4 gixe Apgsd wmme) 917

'
Goglo) wEel, 9b 6ol Leba vk o], poh . PeW o g . Thew 5y

6o eSS  dAReRd, W A e e

= =] 0O
WESHA] S g 9)\—0—2—;7

I A] A - (104) = ol #] edge flipping, M|E3|E# 6 Fx)S 2 g2y Aztals Aagstoe
22X, BE A4 esrEol ‘?‘ailﬂ 21E EAZIES sto] HEFTARL AL wAIE AL 4 Jdrh

o}
e Al AAEA1(100)7F SAE = HRbol A (WA ROV AFEA 7 v
ge] A AAleel] whe wlA] Aol FAwEelt),

2 A AR (100)7F A2 HAS AAEE A Azt

ki
-
Lo
S
o
rk
>
2
=

il

w Al AWAE=](100) = CT(Computerized Tomography) ©|v|X|oll s A E&(segmentation)S G-3ste] W o]
vz @ wlA~F (mask) ©]PAE A SFHTH(ST01).

WA AAAFA(100)E vhaa olu A2 RE We] A7) (boundary)l M@= ElEel (polyline) e Aot

(5702). WA A (1005 9Hd AFZEE Olarching Squares) 71H& o] §3le] whxze] 4AE Feletelon
SRR

A% B (aliasing) & AhA717] Aste], vhaz olv Aol Aujq BE AAQE AEE AR F, v
Az el AgE & k. wd, Eelehelo]l A AEQ SEebAct BHE Agsel, el P

_11_



[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]
[0083]

[0084]

[0085]

[0086]

ZIHSd 10-2021-0103183

ZelEiele] Q=S & 5 .

WAl AR (100)= ] o|m| X 2HE] 55 B4 (naterial property)® W3 % (gradient)E o]-&3sfo] o
AA 2 YR ==& AAIT(S703).

i)

AN o=, we BEAS EHEE o & HU(Hounsfield unit) @b ©o]&3o)h. HUZES ) Wi (density) <t
A A3 #AE 7 BE HUge] Wishs weo] Ix wskE: vebd 5 ok, webA, W] 54 Wk HURe
WshE (gradient)o] 712 Z@E F Ak, vA A (100)= we] ZFA 2 el tiste] wie] ojm]x] =
FE ¥slxel 371E AH4E = 9.

WAl G (100) = WHeleo] 7Weles == A8 3 (S71100 4 S7T1474A1 9] WA )& o] -&38ke] EE|2kel el
o] A7 w=t(boundary node)E AT 4 Avk. WAl AAFAEA(100)= 7] Add Ho A
deflection)® 7] AALA H) ZAA Zo](maximum edge length)S ©]&3dt] AA wto WEE x4T 4

oft
—~
=
)
I
=
o
=

AbA A (S7110 4 S7147hK ] e A])

il
©
o
ol
A&
fufe
B
I
‘0,
Lo
=

AL A7 (100) = tﬁ_ﬁ}E I 71&&3}5 =
7 = (i %

wAl AR (100)E == 7)o 2 2319 A7 WA (triangular mesh) S A 3HH(S704) .

o 2 g R e vHto g wA] AR (100)= d2Y A28 (Delaunay triangularization) 7]
o] d&Y] Z7(Delaunay condition)g =E3lE= wWiAle] 2zte A2 AT = ). o7, 2
RE AR R hrel A Folrl A Aol oW HE &3 obo @t slolnt,

vl Al G (100)= HA] 259 (mesh smoothing)= 7|WFo. 2 Az wAle] FA& 7418 (S705).

N o

dz2y dsz AAEE 4z dAe E24e JlAE] g8 wA AR (1000 99
centroid weighting) WHell 7]9+8l= wlA] A% (mesh smoothing) S AW F= giv}t. FAF=4 715 WHEe
zbzbe] e dis, I =EE Ffrebe B A4E 2459 TAl(centroid)el 7 AHE WAHE 7H5E

(weighted sum)sle] A HHES =9 A A= AL,

=79 (e =25 AAsts BAH(S703 @AM o] &dle == 24 3o AEolt),
o] FA e Uie] WY o giste], WAl AGAEA(100)= WE oA HSEE 7|dteR AAA
(threshold)E ZAA3cH(S711). HwA] A (100)= WY w==o 3 H3leES A, A7 ¥3es o

A
Al k<= (threshold function)oll #-§3to] AAXZ ZAAsI}t. AAR 2] He+= A5 058 1714 o|t}.
wAl AR (100)E AE w=o HeEe= dPHS AAATTH(S712). A3k ¥ = 24 05H 17 o).
WA AGFA](100)= HEgke] AAA oladAE &Qlete](S713), #HYE =

A gho] AXBY Z AFF, == 2 Aol FrEY. 7] AAE e ==vF FAE ugrix] wA] A
A (100)= S7T115-E S71474A1 9] @A E HbEsle] 8§ 4= i},

Iy

=
=

18} 2 AAlde] & WAl AAFF2(100)2 Fe5S AASH7] 213 Adde diste] dwgtt. Ad oA E,
WAl AR (100)E CH TR AojE2 7]¥ko & VIK(Visualization Toolkit) #te]lB#{g]E o]&dle] +
AU, A Y3 (T ovAZE = dHEF(right femur)] o) A7} AAEH AT, HEF Aol 3
AEE 3 1o YEbd vpep 2o

X1
2= HEE
E=1s) gl
37| (pixel) 512x%481
- FGRON2 27| (mm) 79421
AT 0] (mm) 0.9765625x1
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AddolXE, 5 dEZ CT oluXd sk, vk AA 247k 700 Nk 1056 MY =5 s, A

AE R=EE 7pito g azF WA AT, AA == AAdS A Ho dJEE2 0.1 mm, Hu AA dele

10 mmZ A=A},

= 9% B U A AAdoel nE diEFe] didk WAl A Arte] oA mo|t),

= 99 (a)= 5 dE=d g CT olv|AE Yelfa, = 99 (b)& CT olu|Ald ti3gt Wslize] 7|5 e}

ok, = 99 ()} (oA, HAe Ago] HA 7I7h&45 HUgk e ¥stee] =277 & AE& on|sie,

=99 (¢)9 =AE, 9A sEEA 73 4= (homogeneous function)”} AFEH A$-2A, B4 ¥ a4l

o] gt WA AdE RS YERI k. ¥k, = 99 (D)9 Z=AIE, 9A Fg5EA A8 Ut AHEE

A2A, Wl 7|7 2 R z2wst WAzl AdE AL YER I ot

ool A A3t mie} o] B Axoo] wprEw | weo] A 2 EA(material property) EXE V|Wtoz o

7374](b0undar ) B W H-(inside)ol AT =Z(node)ol, Y& 2+z3}(Delaunay triangularization) 7182

Agslo] 22+ A WAl (triangular mesh) & Az o2 AASHE WAl AR 2 WS AFdozy, B4

W37t A4S oA o 2Es WAIE Adste 3o 7tesdlAle axvt 9l

2 AN mE 7 FARAE 4o S EAFoR Adgste Ao JAS o, HFEA] o]d

El: Y oAl Ea, EA Ee ]H Jﬂrxéé WMAste] AdgstAL st o] g s wWHEdo
% kS

%
QA BAHE AL o

=

B HAA Y AHEE AlA'E 2 7HES] gdd FRAES, YUY dA 32, FJA 3=, FPGA(field

programmable gate array), ASIC(application specific integrated circuit), FAFE 3st=glo], FHol, A=

Edo, "W/EE o5 2o AFE 4 rt. oyg tds THAES T2 YTt Al2E Ao A

q7bsst st ol g AFE ZEOFER FHHE AL XFT o, 2O Us AR, A Al

28 Aoz shbe] 9E dufels, aglm Aok st &Y rulo]~2HE HolyH B WHES FAI8tn
%

o

€]

oJ5AA dole U PFUEL AFHEZ AFHE Aolw shie] ZEagysks ERAACIAS 55 B
Z2AAL £ A S 0E Z2ANY F 088 UG, 4FH Tiaduclle £d 2iads,
amEsel, AuEde dEuAeldE F& mEax FuA Je)e meaddsls 2 dg ol
5o EFgS AREF 9L F A ASuA] AL,

BogAAel AgEE AsRE 2 PAEY ded THAEe, ZTRadks ARl ose T &
itk oIA, AFEE 2R meAN, dold 44 A g!(sauavg dmel, Wy Wee, Ei o
£ 7 AF AxgolAY o5 2% T 2L AoE @ e ARUALY EolnE T}
AT, TRk AFEE A, WEAD 77, A" wx, UgE 4R, AFE B9 2R, As AF

A

B, #er PDA(Personal Data Assistant), 2= AFE A" = muld A= & v 4 ¢l

ojFe] AW B AAde 7lE AMES dx

3 2 ek 3 = =
oholA] el ANe A A B AAele] BAH SAoIA WMol ez wellA s 44 2w
Yol 7bT Aolth. Wed, B ANAEE B Axdel 7% AdE B4 98 Aol oh)e A9l 9

Ao, olejd Arleol ofstel ® AAldlel 7% Abgel W9t
M ohalel Huslel olstel S| Eojol shul, 19t B
Az glo] TEE Ao dHEolo} & Ao,

AEE e oprh, ¥ ANde] nE

ojr
o
Ho
=

Fool H

100: #HA] A= 101 EAFEH
102: Zggkel =25 103 ==AAdR
104: WA

111: ¥stEsbg 7] 112: =E=XA7]
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function)  |function) [function)| function) function)
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f(Z) =z f(Z) = 22 f(Z) = gin (%)
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CT(Computerized Tomography) o[o|X[of| CH3l
s&i5lo{ iy o|o| x| X

ofA 3 (mask) OlO[X[E MM

5| #&(segmentation)=

o
o

=
<

ol
W

@

oA 3 o|o| x| 2R E] 2| & H (boundary)dl
sl &sle Zal2tel{polyline)S 3

L—S702

@

i o|o0|X|ZHE B 5= =
EM(material property)2l 2 3lT(gradient)=
ol AA X UF ==§ 44

L—S703

LEE J|dlo 2 2R
A2} o Al(friangular mesh)&

L—S8704

@

M Al 2% H{mesh maooE_:nv m

7|8o 2 M2t mjAlel &

L —S705

@

o] AAH E= e My =of thisiod, |_~§711
HAl MME _W HE L-CollAMe HElTE
7lete 2 Al x| (threshold)E ZHE

By ceof oS5 dEgte 44 |S712
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