_wi:lél_

i
SS50l 10-2619797

(19) HENTES A (KR)
(12) 55533 H(B1)

&

(45) FTYA  2023312¥€20
(11) 3=¥3F  10-2619797
(24) SE2YA  2023d12¥€27¢Y

(51) =A53 &7 (Int. Cl.) (73) E3A=A

GOIR 31/367 (2019.01) GOIR 31/36 (2019.01) AAE R AEEEd

GOIR 31/382 (2019.01) GOIR 31/392 (2019.01) MNSEWA MUET dAR 50 (NEZ A
(52) CPCES R ghal)

GOIR 31/367 (2019.01) (72) gz}

GOIR 31/3648 (2013.01) A
(21) &9z 10-2021-0029259 A7) % kAl AN T AR 142, 307% 1302
(22) =4¥A 2021'303405¢ 3 (FYE, wEES3DEA|OITE)

AAA AR 20219039052 A&
(65) TMHZE 10-2022-0125445 OVHFAA BT AFU210HZ 21, 1025 40
(43) &L=} 20221309914 15.(F9%, dr)ts-3)
(56) AY71E2AREE (Reo)] 7<)

KR1020160085070 Ax (74) gl

(Ho] A=) s
AA AT = 0 F 16 & AAL 1718
(54) g e] A BMS, ©)& 9% F$H Y AF FX L Wy
(57) 8 9F
2 w3 RS viEEE #53te FRS diolElE sk ARt dlolE AFAE, AFH dolHE o] &3
o " AgH FAHA 2do] mHYE BEASIES 435t wlHe Rds 55 T 2 g5
g g 7 B2 84S AAgsta, AAE VMY sF #3748 gy Edd fggste], ulEeE REeA &
HE e oAb dlolEE FE5sh= oAl dHolH AR F A w2 A wE oAb dolEe] Ex Y

A5kl A7 2 FF B QAL dHolEle BE dHE FTIES FAE Ut e F55E ok B
d APEE xslete], W2 At vgoz Aoz wiHe AEE AT 4 & BMS, olF A% Hey =
g A Ax 2 Ee AT 4
0] #F = - %3
'/Q
i X[l Esz‘:‘ O|Ab E1|O|3Ej0 ook E;‘AO

G0l Xzt

R




(52)

(72)

CPCE3 &+

GOIR 31/382 (2019.01)

GOIR 31/392 (2019.01)

g 2}

&9

A71% Al HET AR 311, 915% 4043 (3}
5, HUlnlSod| o} E)

Pasibe

MEEHA vtz 2EE3d 11, 10283 (
AAE)

FEDT

A7NE A BGF Bu R 519, 7075 4045 (oF
s, guke Aol anl)

Eihed

MEEHA AUET d3 2167 20, 20435 (
A3 )

734

ANLEMA 2T 5352104 30, 112% 11015 (A
e, FEto] =)

SSS0d 10-2619797

(56) A7l AREA
CN110059342 A=
KR1020160017416 Ax
JP2020145186 Ax
KR101792975 B1*

Data Science Approaches for Electrochemical
Engineers: An Introduction through Surrogate
Model Development for Lithium—Ion
Batteries(Neal Dawson-Elli 2] 4¢l, &=%] 2018

)

= QAR olstel dg® BA




10-2619797

s=s4

F7] wiE el Eele] fleste], 3] uiE

H= dlelE

o

sl A%

[<)

]

A
fal

dole g 4

o)A} HloE]

L

L

sl A F 2 5]

7 A A
FrHY
ATE 1
g 2

-

3

B
]

I

A grE A

o
s
oy
el
=

7] oAb delEe) B

s

el
=
g
B
<A

o )l 7

X
XO

2 A

B0
®

E
o
il
o
el

N
N

TR

—

ol

5

Tw
or
.

1o

W
M

3 A7) oA} "HolE Alole] @bl Havh

L
L

Aoz A7) oA} dolEe] A

ek

=
=

)

=

, 7] ROMell A

-2 (Proper orthogonal decomposition)

al

°©
bl
e

3.
1.

9
\

AT 2
A3 3
AT 4

A4
A1

Ton

&
71 g 7E 13 S

A3 5

Al

i

Aolg welz A2 144E Al

L
L

2 Al

A7 6

A1

A ol E ¥

A el

S5 F2 @7 ol wE e

o

2 Ay

L
L

2

[



10-2619797

SES0

2y

AT 7

A6

=

W73

=
=

BRI

i

k)
w

[e)

L

oo
= =2

a

7] A e =4 7}
P2D)

] (Pseudo-two-dimensional model :

]
2
pul

| X 2z oA} 23

7

AT% 9

}Z;]'

o $lofA,

i

=0

H,

2 A

=

471 BUS7E viE 2]

Edlo] wiE g&

X
o
X
A
e

o

tol wE] A

°o]-§38

=
=

A7g5 dlolE

A

tol, 471 wiE

°

=
=]

]

7] wEe) wad g

&a

Mo
_ZT
el
™
=
23
i

mm

o
1l

i
o

&a

NAGS2 745

s

pal

& 71A deaeel w2 Sl

3 Akl ¥

3]

171 <

o
1|

i
o

JJ

TR

)

47] elA} dlol¥ el

=
e

o] Aztell uwh

2l

o

X

o

N
N
il
-

A7 10
AT 11

b

)l

il

TR

&

A9

Jluko g Ab7] oA} dlolEle] Al7F

[e)

=

22" (Proper orthogonal decomposition)

al

]

A
A

q 5}

VS
5

ol
—_

i

v oA dlelE F 714

\

A7 12

A11



10-2619797

s=sq

H7h o

27}

(e]
g

akak 7] oA} HolE Apole]

v

i
o

%71 ROMel A

23]

ur
o

il

TR

_—

A3 13

&

A9

71 wiEE7r 13 S

AT 14

o°
o

7] wlole] 2zt

A}

A13

Ak dlolH

2 b

GRS

87 dlolEjsh ez o)

A}
)

9 %

—

3
el

471 dely &

FEAA Aot NES )

ki3

A7t b5

o
-

]

gk Hlolg Abele

=
K3

BRI

-
=3t

FA Y e =4 7}

wt

9 (Pseudo-two-dimensional model:

o)A} 24

A8 17
Hj ] 2]

-
~H

s

ol E

Yahe

vE_/K
= T

tol 714174 dlolH

= =]
= ©°

=

mosEs 7

=
=

, 37 FERE AW RAE 7] e

JJ)

ME

Aol

=
=

71 viE e o] el wet A7) uiE e

w5 A

bl thel o))

S

Jeil 4 71wk wiE e 2ElS o

X

G9E Az A5H dolH

=
=

71

T T
7o R o
R
W T
ey
T Mo A
~ o
7o o Mn_
w
= G
T o B
(CER KRR
= -
rTz
= o
o 2
L5
P X [N
= T
W _ =
N
B2
ﬂL ) w7
= F o
o
% o
<&
% < 2
- oy
o, H
~ o
%o
vA
9
a <0 W
o
T
=y
MoH o
T ®o
el
T 5 A
iy il
CRRAR
g ﬂ”_ o
o
< 53
o Hu =
<H
~
I

A% 18

N 7

]

A 17

=<0

ey
T
N



[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

[0008]

7] "ol
Easli=k=s
AT 19
2AHA]

e 4y

o & EAAE,

e A% 1

7Fees etk aelal o]#d Al P2D Relal fARSHA #%H&X&*ﬁ‘,
=
[¢)

HE WANS

wkEkA P2D

R
et AAE 24 R Ale]7E g BiSe] 4857

r
N

R

Egint)

5L
=]
T

E3 ¢ 0001

—~
~

Z= Ak golg Alole] ¢xp7} b5 2=
W7 ete] 855 BMS.

m.u
B
e
rlo
4
ﬂ
:C:g
i
3l
e
o
N
=
o

==d 10-2619797

0|ﬂ

AN Azt NES ) SR mde 2 AW %

MN

gl de] Alag, 2E oAy A R el #d Aew, BIS, olE A% Aed 2 Ale FA
Zoltt.

Q3% olgf= wlEg] #e] A|L&®l(Battery Management System: ©]3} BMS)3}

2 A7) 3|2 Rd(Electric circuit model: ©]&} ECM)E o]-&3}lo] vijg g
X*—E— 9] FEHE AHgske] HiEEE ZERste] v A2 ALl vj&
A

ok, ey ECM

oA HE g e 97 e @ &7 oS

=

=1

g 3tst wk2-3} SEI #@o]o](Solid Electrolyte Interphase layer) A%,
‘]

A
=
d% o ZE% =284 whes Fdstr|d= FAVE SAF.

A7) AsZHEV) A 2lE o] wElE] AR&o] Solwel wet viE e =3sfol] gt
sk ol AMEEE lE ol WiEEe] AHE siAEr] fEiA =
21 7)ake] oAb 2219l 2@ (Pseudo-two-dimensional model: ©]3} P2D E.@)of 7] %3} Hl
A vk, uRk p2D REle vEHow 1k AS3 7 A5 = EJIE R 1
3 WA, 4 wAa, HEY B9 $AH 24 (Butler-Volmer's equation), 3} BE
& 2 AL Hlgol Erh. o7 wiE e i ZEE Bdshe A2 AnE

[€)
o BAAT AR} Y] Aol bEs Be AL MEe avE

)

xﬂ Z] o

ut

A
A

F o

)
—&i‘im&lﬂ

> Ho
o

o OEE

e

AA wiE et AR B2 % TEatr] 91§ Xd_% 298 239, 3xYow §121—3].E 7 07
A A Ao FQ 4= 3

Lo

o, ‘31—‘31 Hlﬂ ke

=
)
i)
[l
1,
rlo

N
N
X

fi
)
©

N

N
o
=
)
A

>

2,
R
2

) St F7 53 A110-2020-0109092% (2020.09.22 F70)

oz wEel JuE Aol MHYE Aold F ot BISE AFshed ok,
AL BISTE o4 HEE dolHE sukom SR e wanc )
Sstol, BUS7E Whe AL Ml gom whesl e dug 3

Agahd gleh,

1%
ok



=
=

10-2619797
1= BMS7}F HiE] g

s=s0)

}

B9 &§d o

[0009]

umﬁﬂ.ﬁ].lOa = .
_ﬂ%mﬂarﬂ ) 9K I T do
~ ) E S iy = = SECY U
Kooy B 5 WS =W 8 = or G Gl DA o E T do T
2 15 P = ¥ T oo 2% oW BT F =
‘_791%5_. XﬁHT_EJAJ_Hﬂ} ~ ko 3 K O T . R ° -
5 U Mo o= R = o o o i " T ~ A A = <o T
ﬂow% s o 2 &+ <~ N o ! i Aﬂm.m %0 R X Mo FE = mﬁq.o;
— _— o ~ ~ ] ]7_ Y
SEAMENS EEEDUEE IR S RTINS LA
— o ~ W ~ w0 s =
TETLH  wm ool R B ik o . =
R | . Aﬁﬁxﬂ‘.r = Ho L~ m R il =
THEY R W He R T i FNT X a Pa Ty = T
T N E oo L, A woo e E oW s BHET =5
- A o = X 5 ° W T raT e CETE =y
srE % %uomuﬂﬂj/ g b W M W W T T KX M~ N oo
o — % E i % W B P B BN T
YN = = ) W o it B % = b B o T o
RO g 2 T o~ Y T K X o m0 O Mooa T T T 2
TR it N OB & § 7w WAT ~ <4 do Wy %Eqrﬂ oy ~ B
— v ~ .= 7 — o i —
o Moo 3 ~ s o 170 . N = up ~ o e o m@ RO m ) A niw ~ B Nl M
= T e TR 20N =4 i &z L=t R I W
)T o FTxoaf 28 =" 0w T wZeIHE ok Pk
m.w‘l,a_-qXT T mwao#a 176 N — T mﬂtﬁ.] nnoeg_ﬁ_.oeg_ﬂ m X
xo_ﬂﬂmumﬁooﬂa ﬂﬂﬁlﬁo mulgl‘_ o T " Nﬂoztﬂr. %%Nﬂoarx w o RO gro o
T B — .= il
L ERE %ﬂ%#diﬂn o b w g THzT W R
R B o8 =2 P EZRT cXErTR TR BT,
] H e I ™ — Ly e 2 ° iy o] r
~O c._l ﬁl EO Wi by ) _ZT nmva X T aE o) bo - Et e} uir _ ..:L T e = Et
RO sRg, fxT TF 0% cbe LeypEpeg gtRT Eeg
™ o g S ° pir aw} oI~ T /| N o
T T LT N A S AR T o =< ﬁofrawﬁlu% < LR D N
Thedg ~° _.& _TL T AR TudzeE PL,” M o -
=2 < = Mo.m e B ™ )T RS T LT <k 1y
IO 2 =) x L B X o - B = BT AR — W 2w
oK B N = o M= o - N ooy RO B %o =y ° ° o
Ltﬂplxouxr, ﬂwﬂo7 DJJ&A ﬂﬁg HL Eomﬂﬁl AaﬂAl ﬂulxi_- Mon;wﬂ_ = X
e < TRy 2T Mo o z° ) LN T Lok Mo T
o m o - X - AR B 2 W mm W E
PRy DypTW EgW T o B g TIZEET o™ 7
X E T - = = %o 2 iy ~ == o <V i do T =8
T o I A = =) T o= o = Mo so .. AR
@Mlmonﬂ Eoﬁﬁumo o5 N N~ — v = = Eﬁd;ﬂwvél E%Euf ralioe e
= ~ _ = — ! I e
ey * P 2Lz ET 3 Sy gPZcE, grEr 2.
. 0ox of v ,I_l,ﬂoﬂ > - . — <° oy ®o N = X my,ucul
Piegz fefpers o1 Tirsg bEegpT EpTe i
W~ = .o <P ° ._Jm ~0 ~ 4 M-WMM o o o) o 7 it nl ,_._.o =
W S o B S e R o ¥ %Mﬂrg o
e = — B
%ﬁﬂoﬂ%ﬁ %Q{Eﬁ@é WY P wﬁg,%_]ﬂmﬂbﬁmoﬁ% B E Do
0 X oy o ! o = i) - 2 < HT \A‘.ﬁ ‘_ur L. = 0 ~T o ‘\AI o Mﬂ oy i:._ —
T o < T Rl S TR To gy Xo W0 e s o & R
o - K mo;lVL_a. o T 5 x> R oA LR ﬂmam.tnwﬁ 5 <
o EE = ;w " EE _ z.L ~ HT_ - <O i cal =] Q.OF N ) D xo fo q Nro = -
e e L T o o P M N L S T T
Lo emr < M A= M B ML T o LI 7o R ~ T
Tz o A TRH PR RE W T oA
TE oy FEXT W . " T =8 iy g MOT T gy
ﬂﬂo_aﬂwm% IRk mr«E_ﬁerT S . oom W W b O J R T S
o 3 - — —_ sops — ~
e e — oty o5 e Fod To oA woooH e N SR S
WA T I o) uo_mLo#auﬂ UOVLUL% =X R =T — 5w 1@“%”&9* r g © = o e
AAATﬁﬁ NroEIAT Nrodﬂ Loﬂaz UWﬂﬂeﬁo Hlﬂqgﬂﬂﬂﬂ] K
RN REHWWT T HTT HOMJ
XxP o N
S = = —_
= = — o ey —
o —_ = ) — _
w = g g B = = =
= =2 S S o
= m S

5

AAL Bl goZ wEA wj

[e)

184 Al e wEe ol g

o] o]&3to =M BNST}

gy g3
o] thel oAt dlolE

[0018]



10-2619797

SES0

[0019]

Bl
L

!

oF

BuSe] 74 25 vEbit.

=

p—

Alefel w}

w9 A gA o) e x2S veha,

o]
o

L

il

T

o)

7

1&g o]

o

epie

)
Lo

L

[ 54

& FAF g

Alst7] £¢
Yepuiey
AN AANA,

)
=

[0020]
[0022]

[0021]

23]

EEES

W
o

0

~

K

Fibel

9

Hox
p=slo] W 2z Egole] 2

9

glo] w
BMS ¢}

=

.

E

3L

d Aol

sheslofut &

[e)

_g]

o]T:

3k,

[€)

o]

[0023]

gt
1A

)

oF

1(20) =5

A& ZF(10) ol
et wjelg] wdo] zheRsl® el 29 (Surrogate Mode

AFE] (State of

L
L

olo] %= 14 BMS

Fof thel HlolE

P wEje] mee] <1t

A 7

El

Aoz 7}
[}

|

ES I

a4 7IRt viE e wdde] HolH

5

3]

El

B

3]

51

s

5
A

=

]

tol Absak wiEe]e] 745 AeE 734

5
3l
gl

o8&

REL
# 3.5 of

l

]

=

o}
A A e el g e

A

i

A7) AEaE e s

SEER [

=

Hod

7}

dlo] el
e wiE e s A

o]

= 7
BMS

A
i
=
pu

Alefl el A BMS
BMS

TH
Alefof
Bl dlelHel o5

Al
=

]

A4 85y
A1
"
A
=

X

[0024]

Aol gk,

=

=

=
=

1= ]

!
T
H
p

=

=

o o4} dlolg]

P
-

bl o
A vgg 2

°

Q.

¢

o

AR Aol Bt FA A% )

1,
S R

°

R

]

<

=

Sata,
oz £ANN AN wEd mdun @

=

AF 2 (20) = BUSEH-E &% dlolE

AAE A} HlolE

=
ko3
,

Pk
o714 Aol 2 e wiEElel

THA = A

[0026]
[0027]

e 7

el e] e

!

N
T

uhs} gol,

1)

AO

[0029]

A4

=

=

p
L

do] 285 BMS

o)



[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

olol BMS7F B53 delHE FxsA s wiEE mdo] Add ZFehem= AwE x%aﬂ Zehgs AH
FH e FEE Falste] wiEE Aotk ek AljkE wh vk, b o= AARE doly HFol
S50l FA A TA HEAATE FFHEo] glojoprt & Wuk oy, v BMSETH dlel87h A
He A9, FHeE ANdAE Rapt a2 MR A7) Al

el wbel 2 AAJefol A= BUS7E H54 dolHE He® B A AACOE e, 48 A Aw
FA (200 2HH A ek wjE ] o] fhefsbd dieh HElS QI7pwrol vk A4t Wlgo R wjEE] )
g Ay BAY & Qonz, ANtom wEe duE AP At Aod & duh. @ dolE st Bl
2 Ao = A

o

o] o AAlefel] w2 BNSS] A Fx2E dERIT

T 25 3P, BMS(200)E dlolE] 3 ¥-(210), BAIF(220), ©ieh =9 AR (230), wiEg] gH AR
Hj 5

(240) 2 gy Ao (250)2 F3 4= U},

dolg F=5(210)= #EE(100)2] AejES Fst7] 93 Z+5 dolHE 535k A3t dolg 35

(210) o 9= HHHE](IOO)OH &k A dole (V)¢ 374 tlolg (V)2 &858 4= vk, 7|4 374 dolg

(NellEe x4y AF 53 go] wgge 52 4o 3 dolgrt 234 4 du. zga dolyg =3

(210) &= g ( 00)7} T2 et 7IAAE FUIE HolHE v 8§58 4 9.

Holg FdF(210)E 5% dolHE AAIeZ wiEE gdH £45 (2402 Agset. g3 doly 73

F(210)= 5% dolHE w8 AAsta, 73 AZHE dHolHE EAN(22005 3] 58 2l Al A

20)Z A%FE, dHolH FHF(210)E A 7IAAE Alo]F o F5H dHolHES FH3te] AHstn

T8 AFE HelHES 7AAE TR Aed Rl A AA (202 AT F= k. A 2 dolH F
AF-(210)= v AfelE Bt 55 w4 A%E dolHE Hed 2 Av A (02 AFsA, L 7

AAE 349 Ale]F ok 74 AR dHolHE F$d 29 AF ZX(20)2 A% 5 vt

olm dlolg FHF(210)E 5 E HolHES Zt AlolE @9z FEIIY AFS =

dlold =34 (210)= #HE 2 (100) 2] FEE ’\ié}ﬂl 4 7bsstes 9 Al e 2 ”91 =
H-(240) 2 Zd%‘w}b b Ay Bl AlE AA(20) 2 7] A E 7]7J 2t dolEE % 0}04
il(ZO) 7F digh 2ElS AR o g59 e U5 oA} soll o3 ol XVLE]

b2 (20)9ke] T4 UEAA }b]'ﬁ'oﬂ o7k gFe] Eolg=E T 5 AU

AR (220)= dHolE R (210l daE = dHolHE A9 X2 Alw AA (2002 dFsta, 4P 2
A AA(20) ZHE tieh REs I7ptol tioh el AR (230) 2 WP

E
©

&
ON

ol mE AgR(230E A58 W AF FHQOZYE FAR(220)F T Awd ook wue glsbwe}
A, ol ok mel AR (2300 old AgE vk mele] EAIS, A7kE Gl WAl J)E A4
gob wale gkl A4E 5+ Ak, F bg Aoel A5® oot wAe A4¥ £ Aok wE (1000

ool wet HA w3t JFE, olHF sk wfE 2] (100)9] FA Aol mep AolatA JAyd
ok, webA 54 AT wiE 2] (100) 9] el tig-ehe A viE Y RS
2dS dAstes deste ol 29S AAsieets, Algto]l A o] % )
| whel 2AE= wfE e el dold ¢ dnk. ofel i A= A
14E AtolE Ft d54 dHolHE 7|wew g
A e AEE 7P 2 52dE 5 de 7P A F5d e
Qb el AgH-(230)= AE vk RES wiE e AH 47 (2400 =

i)
9,

2o o oo
N,
N

e 2] e A5 (240) = ek BE AA-(230) 0 AGE g S <
telgE Ql7htol, 17bd wlo]EE dich o] f¥ste] &3S g5Foan

Jha glolE FHE-(210) 2R
o) d
3, B AnE e AojR(250) 2 A},

. W2 (100)2) AEE 248

G Tk me 1% s gol, A8Y 28 AF 42007 BIS00E 014 /AR Aol Fet 4
8 We H55a, 459 e was o) gae] e
2 A8 ) e weu gesd wee



[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

SSS0dl 10-2619797

2 9 A veS etk ol wiEE AE] EAE(240)+= Ui 2P o]&3sle] AvbdE dHolEHZEH
WA wiE e AEE 249 4 9l
HIE diot Bdle o] 7|X 4% Ale]E F<t E5F doJHE o|&3sle] F5F g =dd vk, dolHE
HIE1 2] (100) & #3538t &S5 gholxnk drbd o= wjg ] (100)2] w=3lo} 22 A ®wshs Jdst A7t 2
A AYHez ) gk = delel7t 5= AT A dele7t F53H= AlF Alole] A
ol& 23k wig e e 3= A Yrial B 4 Ut
= 20 ME Awel #HAE s, o 2d 0 AR(230)¢ wiEE gy BARE(24008 RS
ZAE o, e g 5 w2 AR (230)0] £3E 4 ).
skA wlE ] Ao F-(250) = wiE ] AdE BA5(240)2] wiE® e 24 A3 weE wEErF g HeR T
2hek = QRS VXA E WAo R wjE g E Alofgit.

9 w}E BMS(200)+= ®lEI2](100)25E 5 doHE 53 g AT FX](20)7} o]
A F54 deolgE 7hite Lﬁﬁ}% Feeo] diek mdlo X”Lo}@ o ALt vjgoz w2 8lE ] (100) 2]

o}

%32 ¥ wge] I Axdd] nE 43 Bl AF FH A% F2E ehad,

o8] A4+-(310), A4 == 55(320), ©JAF wlolH

dlol8 AF¥-(310)% BMS(200) 2HE A%H dolgE A43cl, olu] golE: u] Alo]F we] mi
H AlE w9l (dE 51 3 AbelE) R AEd o glen, HolH AAR-(310)= AEH HoHE FAs A

3%+ A,

FANY 29 NER (32005 delE AFEGEI0)A AR elEHF wow wWe (1000 FANY J1He
wpeh mAbShE A SN MEY Rag AREt SN B H5R320)% dele AFR310) A

e dHely $ A 7IAAE v Alel2 (g 1 6 AlelE2) F3te] HolHE QI7hol A4 7Rt iy
P 2ES AT o)A A BE 85532007 7P A2 1AkelE weke] HiolE 7k obd ZIA A
s Aol Zoke] dlo] A7k = A2 BMS(200)9] HlolE 3-(210)7F ¥lE 2] (200) Z5-E HolHE &

& HE
e w A e w5 A wiEE Bl vAs 9% =ol7] fsiMold.
FAEA] 2 G55(320) 0= P2D R T
o[Ei7} |I7bs™, QI7kd dlolEel wet 7]dAa A6
o-eshs wiE e 2as S 5 gl
SAF wlolH AAH(330)%= FAEA RE S5H(320)00 4 AdE wiEe] mde] ¢leje] dloJEE <l7lsbal,
I7hE flejel dlolHel digk & dlo]HE FSste] oAt diolHE At S g RS Vwes o
Fo 7P 2] wiEE HE UERlE Tl oAb ElolE S AT

a5 ook Y AT (340)E elAh wlolE AT (33014 AAE el oAl dolE g slwrew SAa4
Z1k vjEe] mEuc hepske vk mAle AgE

2 el oA} dolEle] B dEomyE FANA A )
A4 7w iEE s fAE e (10009 F4E AR

)
(o]
0,
T
<
0::
o,
Jz
Co‘
g
2
T
>,
)
SE
offl
)
rit
oM,
=2
)

JFANE 2 % E 3% FEdel, 453 29 AF FA(20)7 et RAS PYFE A4S FAHOR
A gk

A7) vhsh el BUS(200)¢] HlelEl H(210)7F WIENEI (100)] thE A%k wlele (V)st B delel (1) E
% i+

-, dolel AH-(310)el Agd dHolel & kHA Aro]FolA —Zr 142 g

3|
q
A wolE (Vo) 87 HoE (Vo) 242 #8414 22 53 5 A,

_10_



[0056]

[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

s5509l 10-2619797
84 1

T
— k k k
Vobs [vl,obs' v2,obs' vN,obs]

F814] 2
k k k T
Yobs — [yl,obs: yz,obs' "-YN,obs]

(714 k= Atol=, n = {1, 2, - N} Afo]= WfellA] HlolH7} HEHE eA4E Hehda.)

Seln A AAAE O AelR(e5, kA, -, k) Eke x4 agt dojel( Vol w4 a7 djol

k
NYobs)i= 2tz oty 3 9 40 mdd 5 At

=]

84 3

k—4 k
obs - [ bs Y bs ’ "'Vobs]

7814 4

k—4 k
obs [ obs 'Yobs ) -"Yobs

éﬁHw<E%§%$mmﬁfma/%%ﬂ¢ﬂﬂﬁ5£¥1ﬂﬂﬂuwwnﬂ%ﬂzéﬂ@ﬂaﬂ$W}ﬂﬂﬂ
SARF(F)E wSehs FAeA e et E(p)E FAste] A&FomA, FASA Zas wiE 2 (100)
of H&she= wiEe XAE 53

ol7|d HAg 52 F4(F)E 3 52 589 5 vk

T84 5

F(p, obs'Vobs) (Vmodel(p' Yobs) Vobs)

ek ol mEW, HAst S ()= A %@ 1Wﬂywﬂﬂ-4ﬂﬂH®Pﬂ i FAEA mde] A
Y& :
Ol:l]— Eﬂ O] E1 (Vmodel(p; obs ))‘7’}' Q%%

Seme AAE BAGRE) 4L4S SN wde EdE 43e wAsE s ¥ & genw,
A28 BARRE)7E FoH 62 BEHES s HA SeE (0 F GASt] SR md] Hggom

A, FARY AN e Ras H58 5 g

_11_



[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

SES4d 10-2619797

84 6

F(popt'Yobs' obs) < F(pr Yobs'vobs) Vp €

AN Qi 44 b5 seviE (p) WHS e,

Z A4 Vsd el (p) F 24 G507 A4t RS s sehg s gaste] A shetulE (p',) =

L
ik
k!
A
i
i)
fuj
ltl
=
o
e
)
fohy
o
i
i)
i
flo
e
)
o
N
i
tlo
o

83 A4

ol SIAb HlolE AAR(330) FAA RW FER(320)7 FAAA B HH weE(,0E 4§
of 5% wEY Bdo] T/l E A = W) b 87 delg (BB 247 digstel, Feka 73}

ol oAb wlolE (Hhae )% E5qt,

8 7

k . km km T
Vmodel(popt' Ygger) pseudo [171 ,pseudo’ Uy, ,pseudo’ VN, pseudo]
o714 me 7 27 deoly AEARA mo= {1, -, Mot}

o] oA} gojE] (Wi )= 7bg 87 dlolE (Fer)el TlgsHE A dlOTE (Vo) 01

WSl 7bg 87 dlelE (Fe el i Al o)A dlole (e )= 8 82 E@W ek,

o4 8
k1 k2 k.M

Vpseudo - [Vpseudo'Vpseudo' ""Vpseudo]
S8 19 20 W, 7 AfolZol A NS HlolE7} 5HE Ao sgagons, S84 8ol o)A} b
ofg] (o) = N x M 98 Fel2 F58 5 Aok,
o7|A= FAlsA BEl 955(32007F sAsY 2 T P2D XS o] &stes AAE Aow Jpgdd. o
2laL p2D BEle kA 9 WA ek 132 R = 570 WAAS Al WA er o] gsto] ojafxAlel A

= Slets SR mdolth.  ole] oAl HlolEH AR (330)E T (elZIE A = Wh)el T B
OBl (Fer )& S3k4) 0 A 52514 130 Zg3ho] oA} dloje} (o) E 5T S qlt,

5709l Au WA B R on AT Ul 1A 94 URe FE RES A4S 9% £5 44 e

_12_



[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

SES4d 10-2619797

o714z} 71l ik obd A 13} 2= ZAZF 3A dAbel tid =R (1) A AdEiel A = (2)E
Bhar, o HAF k(k € {p, s, nhHe =Md 99& Hehl= 722 F=p), E2%(s) % 55)& Y

Deff

olol 8HA 9ol A ¢, = A A WREAA m=del g (ke e fEele ¥, TlKk= iz gaelA w
1o

el we it A, re 78 F

ke
Y
s
i
o
23
o

0%71*1 Ok = muel Ao e uAde] FEAERE, ¢, 24 A4 WRAA =oel gkl u
g % AR

£ dehdliv, F= ol

714 Kk = mue 9@ e daaate §EALE, ¢,k 94 AHA muel 9ok wE

npAlero 2 S+8ka) 132 A whgolA g Fge] Lok A9 o] #AE dehls vEeY By
215 e

ot

84 13

o = Zkﬁff\/cz,k(cfﬁx — CI,k)CI.k sinh[ I;"T Nk

_13_



[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

E=0d 10-2619797

0|ﬂ

714 Lk = mA A RelA m=eel dedoe] M Ho ol ¥R, ni = GG ke ue

23t S HeEn.

o4 9 U4 1308 BASE oA malel 549 Au PHE olAAA WA BAHE WO
AR AR G ASE AGT £ Qs s g, P wde] hel A wae olgdtel A
OB (Voo )91 S14F Hlo] B (Whieo )3z LA G W4 & A8 71 &olmz ol7]4e AAehA dRad g
b 9 ulA REka 139 4 87 el (e ) B A gstel, oA} delE( Wt HEuEH, Yok mal 4
HR(310) % 94} dolE (o) o] L% sl whet vt wAL 5,

dlek male FAEA Jluk wiEe mele] wa) wl$ vhe A W8S 2ES FheFswlolol shwl, Holy 4
BIO)NA F5eke dolHno Wee] JHE 4T £ QLS PAHE ol wEHsid. med @
AA A et BEE doly £AR(2I0)7F ASE F At AT BH BF()S W wE (10
09 FHE FHT 5 QLT ot BA PP,

oF 98, Her BE AT (UOE AT BH 8RS MR e AF mUS FHn, T4
4% walo] ot wloe) (e )o] ¥ AL FEFHEEG F4t] Yot BAL AT 5 Ao,

dieh mE AR 3H0E AT B4 B () e FAEE 7 36l 4k Hlelg (B 2o
S, b Bl RGE o} dlolE (e o] BE AWML FEeh: AU P4 FEHORA Yot md
s 958 & o

AT B4 SR Ve FRHE sk 37o] R o) dlojEl (W) B AL A7Hx)
g B4 BAW) SAH A A B B BF (el AEHTL ARG HAH 87 /1A
g7t 239 Fuz PAR 5 A o A g FE BE o doj (W g3t 245
S g4E FEAE AL dolH £EA #E 0F L o4} dojg (Pee) A5 HPAAY 03 52 G
o w MEEHY W olueh ol mule] Bd o ehbA ®rh. aems o} dojE (Haws)
e DAse e 958 58 9t dn

AAR(340)E 4 A 7RO WE oA} wlo]E]( Ve o] By wjel

A =) &
aS %3517 9a A a1 29 (Reduced-order model: ©]3} ROM)S AA3star, o]F AAg ROMe| &

ot mdl AR (340)= A A B (Proper orthogonal decomposition: ©]3F POD), FAE 4
(Principal component analysis: PCA) 7|¥ && ©]&3le ROMS AAT 4 oy, vy 71 &3 7|H
(Kriging), 7F$-A1¢F ZZ M2~ (Gaussian process) & Us

(polynomial chaos expansion: ©]3} PCE), =7

HAEZ(Multi-layer perceptron) 7I¥ &= ©]&3}lo] ROMS tier 2d2 HAFAZL 4= 9lo),

o7]ME o o= tioh ®El AAI(340)7} POD 7S o] -ato] oAb ulo]E]( Vean)o A A 7H(x)o] mE B
Jo A4 ROMO] ©|A} wlojE]( Yre)o] B2k 87 (y)o o]

Ao 7 71A s},

[xs

i

[¢]

FE8to] ROMs 2AstaL, PCEE o4&
3

=
FomH tot mdo] HEs 24

rlr

ool POD 71W& olg3kel 7bg 87 dlolE (Fer )ol thSah NSl SIAb BlolEl () F AZEGOS Tl 7

534 velHaRy ZAgd (L s es vdd b deojge] £ e FFehe ROE

_14_



[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

SE53 10-2619797
514 14

L
V@) = Ym0
=1

A71M Vix, & 7P B3rel TG® oAb dofE (W yola, Vil = o} djojel( el A Abg £
ol oAb dlelEl (v(x, y))eol ek 54 w3 A7k 714 @58 b, 1(1 = 1, 2, -+, D &3 Jad L
o) 54 3k A A F5E)e) qlgaza, AtolZ 7t B9k F5HE dojg £Nut e 7144

£ L—’F(L < Nelth, 13 nO) = RoMel A 3 #7el kel A= 59 w3 A 714 e Pi®)e

A} o g (Vo )2 71 AE WA oz AZH(x)o] BEte] EQHOl SAZ YAk, o]F 7}

Fe oA} HolHRRY A4 LAnEe FEad, 239 Lol oAb dolE (v(x, y)e]

A7) B4 w2k AzF 1A ez = 5514 150 mggt(Eigenvalue) EAEZ WEEE 14 W
(Eigenvector)(¥) S g5sla, n-FHE(¥)e mFa(A)o] & AR A9 LS Aadtozy d59 4 9

o
94 15

(Vpkseudo)( seudo) Y =AY

o]zt 3| (Singular Value Decomposition: SVD) 7]H-S o] &3l 7

2
101_',
>

—
a1
fo,
K
o
=
Ao
Y
rlr
-
&
1>
—
[@)]
o,
I

F3}4] 16
k _ -T D 0
Vpseudo =W2E '2 (0 0)
d714 D = diag(oy, 04, -, o) € R¥%olm g,20,220. Sojgton], Ye RV E <
T _ wTw — maT — mTe —
RMMe g am gaes, g4 PV =WW=Iyg BB =8 E8=1Iyg gzan 19 1,0
w9 ol
Solzk Ball 7We EHom s, IHgH(A)T Solat(o) & A, = o, >0 & wHem, Yo A L9
Ao Eta 158 wtEEE uguEHSESe] dPey 5o 172 5 lE 5 o
784 17

T = [, ¥, .., ] € RV

PoDel o8] Foba 149 54 wAk A7k 714 @A) Agsu, RoNelA B4 7ol e AgEE A
) E B B, s B B skl 4SS AEEO)E PR olga] ot 155k 2o

_15_



[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

SES46 10-2619797

@)~ ) g®)

q

R

o1 Pa0) = 00,00 0002 Pao (Vo) = qy gorey(yre) wE wmel ol ATA T A o
galox 37 dHolH(y)e AP FE EBEIX(HE 5, 255 Gaussian ¥, AFE Uniform EF)o]| wa}t
e} ve] AT wa 87 dolel(y)7h 2349 olke] Thiek dlolElel A9 g q = q + - + qE T

Z3}= & QYA (multi-index)©]T}.

d d=2 A dolH(y)7t %9 AFe 7 7HA dHolHE XEete F9(Q = 2), g =2 © 2% 1&g 2k}
02k b2l dR, 13 & 2xet 13 ok dF 2 0xF thEa 2xet 22k k] "R/ 71A 23S x
B

a8 ¢, & 1WA B &2 AR V1A g = (Pi(X) o) el PCE A4 ZA. Intrusive W, Non-

o

Intrusive Stochastic Galerkin W, Non-Intrusive Stochastic Collocation W¥ S& Al&sle] 5 4=

olol POD 7|9l uwhe} A|zbel] wE shElS whedali= S23F2] 149] ROMOA PCE 71Well whel Al=(vd))7} 5=

S
70 W Ade WS £33 188 Wisiste], P2 RS AR Bk E (Vegpeee(xiy)) S 344 19

784 19
L /Q-1

V(x;y) = Vpop-pce(x;y) = Z Z CL,qPq ) | (%)
=1 \ g=0

e 5344 189) PCE AF (e )E B71% 7S olgste] vel AE S glont, B AAdeAE oA b
olE) (oo )7} ofp] 5o} glowz, 9t 1981 Pol theb Hel(Vuppe(xiv)) S WA FAR

=
7 o] E] (Yorer )9} o] A} H]o]E]( Voseudo ) = 28-3}o] Non-Intrusive 3|7 7|WF WS o] &35tA W PCE A4

I
(c1.)E B BolatAl 4T 4 3.

7V 3k

ot 1923 b B dolEl (Fer )} olab mloje] (o) g o] g3o] PCE AG(e)E FABE A
PCE 715 (e TSt 22 (Voog pee (x5y)) 3 1A} elo]e] (seuto ) Abole] L= (L, norm) S47h Hzshs s 4
sk 200wt #4959

514 20

Ciq = arg mlnlleoD pce(X;y,€) — pseudo(x; y)lli

_16_



[0125]

[0126]

[0127]

[0128]

[0129]

[0130]

[0131]

[0132]

[0133]

[0134]

[0135]

[0136]

S=S0l 10-2619797
aela FA4E PCE A(e )8 AE8dozi, $Xa4 7k wee] 29l p2D ZH& POD-PCE 7oz A}
Sk ik EEA (Vpgppe(x5y)) S 53 = Qdrt.

8] 190 =8k 2000 wel FAE PCE A (e, )5 A&dte] et Bl (Vegppee(xiy)) ol SHAsHA 45,

BMS(200)+= oot B2 (Vegypep(x:y)) = o] 83ke] wlE2](100)9] HEIE AT 5 T},

BMS(200)+= dz wE g (100)o]4 5% dolge wE AHx)H T2 A (y)S 7oz wiE g [

Q]
=
Hat(p) 3 2Akvar)& 2H2 o544 21 8 229 o] Avtd 4= gl

514 21

#(VPOD—PCE (x; J’)) =E

L
sz(y)wl(x)]

=1

L

= D Bl = ) @)

L
=1 =1
5814 22

L
VaT(VPOD—PCE(xJ Y)) = var [z v (J’)‘Pl(x)]

=1

L L
- Z z Y, (0P, (x) Cov (vll(y). v, (J’))

AT oz BNS(200)E W AR A7F A1A e 54 w2 Az 714 st ViE)eh peg A% (e, )0 43
z3to = WE P (100)9] ALS zhaaiA AXE 5 Q).

Eode F AAC e Hed 2l Ay AACdA AdE H8d Bl Ades AFEdodd A

ehdct,

& 4l (a)= 71=9] p2D 2Ed & A
A7E ez, (b)E P2D Rd3 gor nde] =2 Axlo) st ¢ xE vJeldT),

49] (a)¢} (HE AHREHA,

sk, g H2 ALk A
T k. AxH e
s thAlske] -
on | BMSE dier =

o H o H1oH

£ 5 B owe] o AXde] we 43% wd AT PEe e,



[0137]

[0138]

[0139]

[0140]

[0141]

[0142]

[0143]

[0144]

[0145]

[0146]

S=50d 10-2619797

T 38 Fxee, & 59 HEd nd Ay WES Adsbd, $-4 BMS(200)7F HIE ] (100) S BE3dFe] %
glolHE FAlsle] AA3TE(S10). o714 FA1E dolE = dolErt F5H A 2y AF F2 |
He](100)¢] 7 dole (V) 2 wiee A Hlol8 (Vi) 7h 238 5 k. 223 Hlole e el (100)

ARE v Aol welz FAE FE o,

o] 13 SAdel sigsh= vl AtelEvit Al s gle I
A HolHERE ofd 7" Ato]E7HA] 2

ER A8 delEE A AFHE, olu Hg A £A
7}_ X4 x17<]—§1 ,/': ohjr

dolel Fd AW, FH AFE delelE olgstel vlel AQY FAHY mdo] FH A
S RS WAl e (00)E BASE WEe Bae 9

2go] 87 delE (V) E QAsel, FY5: dolet S8 A% el (Vo) FARES £A04 ®

wel sherlE(p) & AAsFozH FAHA Ju e wae A58 5 9

T
)

(3
T

o —i[‘

ot
i
r&ﬂ
—r
)
riot
o
=
o
n)
=

o

(e
)
to
—r
)
)
A2
=
o
Ay

o), #HE dlolele] 0AF welsel B AelF Fol

(Vobs)z olgate] wE s wae g5a 2 ooy, g5 £A8A v deket 449 5 gou o d

= p2D o] AAd = dd.

Fﬂl

A 7 wiEe] 2de] f5wd, J5E FAEA Znk wjEe] 2l oz AAH vdd M &7
dole (Fer ) B Qedste], ZpE B2 o B (e )l ek threl oAb ol ( ey AAATH(S30).

71 74 27 dlelg (e ) wlE R (1000 9] AA B2 #4& aste] tkaiA A9 e, 7} 7t

2

oz

87 vlole] (Fer)ol gk ot ol (Bee) g 247t 95T 5 9

oA} dlolelzh A, oAb Bloe] (i) o] AJZbat B ol

TFHITHSI0). o714 AE mae wee e el san wel
Zluk wjEle] mels ge) el Ak B2 g J)wsk) v
W4 /1A B THAE Qe maE Qa. ot A 5

of <} dlole} (e )8 Fgsta, b Frhel FPE oA} ol () o] RE HHL FEE o B

Jzi X e
o2
QL
2
jus)
a
ACh
i
[l
>~
>,
QL
rl

(el
4
ﬁ
__?L;

= gea o doldlel B ARE FEad 458 + Ao
T2 3L RONO] F2F @Al W oA} doE (ewe) T FFHES, RONS T2 A4 SnEA AFE 7 5
A% 5 gon], B2 874 sengl A PE /¥l wet PE AR SAHoR 49 5 Ak, o))

A PCE Al5= ROMel 52 314S 9ldste] 285= do|ge) njg ISy
Hart HEE AsE 51 § 9l

N7 2 B2 B A A} dlojg] (Yo )2 2FEER £AE AT mUe fgor mdled ASHu, sy
ol male wjE|E](100)E 3t BMS(200) 2 HAEFTh,  o]of BMS(200)+ ©]F #lE 2] (100)E #F3dle] d
o7} F5HHH 54 dHolHE uiet Edd gt mlE g (100)2 JEE FAsta, 45 e duE
7IHro 2 wiE g & Ao gt

2 o] w2 whHe AFEA APA7]7] s wiAlel Mg AFH TRaofow FHEE & Yl o7
A AFH #BE7bs wiAE HFHC & M= Ed e doe e uﬂxﬂé 3, T HFH A
A E B 2 = vk, AFH A wiAE AFH #A5Ubs wWHEHo, Hely Fx, 2O BE EE

_18_



10-2619797

s==4

T o
—_— e L.O
o m X
wa %
w = Kl o
w T iy &
m T i~
o
s ez 2
g taf
_,ul“ﬂ | o) - )
= B o - xe
o = o S |
K W MH W o ~ mﬁ ”
0B M g T 2 2 |
P e T — R REER R
CRR I TR o T, B maz |
M or ~ LT | o o
T E o W Wrm " Ho \\\&° \\ | o |
mm‘.._ ~o o) #O é.E ﬂ — | |
SR o S e 7 o m
= X = N N i uts - ” m
BYT T @ & ar i | |
— —_ Th =0 | |
"EEaff 2y Di: o 15] #z.]
0o~ = X ) I~| =7 ~| oW |
.E W\ o Mr <y WTO w M Ho T T 4o = ” m_. 01 |
= ; b S = 2 = > X ||
Moo W 5 8 wow e B K pij Tl
Fod mw ¥ S T i o S =
o ﬂm T e _.an o = T 9 o) = funy
TE oy B 508 3 5 T| 1= 4 |
T T S 3 =23 > ”
H oo Hp L3 !
I i o i !
P BT g g |
o wr 2O _ = |
o p B2 ||
PIT W " ] m
TET 2T o]
" OE N X = "
SN N m
TE o = I 0 | T |
o8 By o ur
A Y o -
ST =R = o owm X
Wk T =
~ = = =
o Mo W Ko o A= m”_ R or mu_ m
oo : ®omom T oW T w ® ] =
T " o)) T o ¢ T " L
- i L =
=G _— T o m i E= ~ ~ =
m:_ o#a X ) N .. .. .. .. .. ﬁﬂ .m,.._ .m,.._
TR T w oML s s s s 8 3
TWR O F T2 S 8 &SI MM N

[0147]
[0148]
[0149]

340

»

330
o oT
-19 -

320

310

3

GlolEf X




o ——— Model 0.5C
3 // —— POD-PCE 0.5C
~—Model 2C /
P ——— POD-PCE 2C 00
B Model 1C
—— POD-PCE 1C
26 0.015
03 04 05 06 07 08 09 1 0 0.4 05
SOC
(a)
=85

ST OO[Ef A1 X .

S R [=FIR=R== =

O AL T O] Ef 44 s30

S40

S50

S60

CREIEETE RS
(40174 1]
(2921 F739)
[(RAATZGE] 37 1

_20_

0.6

(b)

SOoC

S=50dl 10-2619797



10-2619797

s=s4

BMS7} Hl e 2]

0

dolelE ol&sto] v A

)
X0

—_—

-
yr
o

)l

=T
3
X

&+

tol, 71wl

23

o]
H

7] WiEE 2d

vie)

El] EElof A

o

5

B
il

e

53

ELELEE

A

el

)

i
"o

el

i

TR

_—

S

ol

e

g A

o

N
N+
i

TR

_—

ol

e

Tw
fou
—

1o

-
1A

T
ﬁo
i

)

dlole 44

s
o) whE el

bl 4%

AE

EREEE

A}

-
yir
=
=
a
o
o

N

&

atef, 7] wiE

=
=]

]

7] wEe) wad <

fvie)

el

71 e e el b

o

Mo
N
el
™
=
23
]

K

W T o
0~ Mo
T E
Wowr 0w
ey
T Mo A
~ o F
! oy En
W
ﬂﬂﬂ,mﬂ
o 2
B 2
e W g
o 2
2L
oo S
ﬂmmn%
ﬂﬂmﬂ
BT
H E_Lﬁ
5
= F o
1rL,|Z
NOFT e
<N
w < 9
F 5 o
e
o
%o
<
9
al <n W
o i
T
=y
MoE
I o RO
el
QWTAT
iy EE
CRRAR
T T RR
urEJxl
o H =
o
<o )

X
X0

2 A

0

X
I
o
il
=

el
=

(284 2]

2

(27 A

o glofAf,

tj o] ¥

i3

Fol 44

S

=
=

s

A7) BMS7F wiE g

o))
H

0

EEEIS

El] EElof] A

ELERIEE

B
il

_21_



10-2619797

s=sq

NAZdFE A

1

5

)
o

0

A
i

Ton

e

)

)

el

—

W
)

X

o

p
"o

0

A
~
-
il
A

n
T
et

o glofA,

Ta

=0

H,

2 A

0
olo

;01_

BUSE ¢

tol wE] A

°o]-&38

=
=

A9 dole

oA

tol, 471 wiE

=h

,

7] wEe) wad <

i)

oA} Hole]

2] BEloM FH 5=

o
N
el
™
=
23
g

%

=
I

—~
o

ozel

el
sl

1A e E A

i3

Sob B4 BAel B

3}
=

pal

3l 714

i A Zkell 3

3]

Bl

I
o

)

TR

5

o
e

o

7] <A} delele]

=
-

o] Alztel| u}

i)

X
o

—_
=
N

<+

(49574 3]

H}%@ﬂ%
Xo dlo ™ 7o o O
T W
— e B 0T B
T R
o R
ﬂﬂaﬂﬂ

R
o M.ﬂo; m,# bo wfm m“_ =
RO R0 H
N T

1o
TR TS
ROWART M T W

T
ﬁo
B

mﬂm.Tﬁﬁﬂ u,xﬂAr

il XO o - -
W oL

%@#&%ﬂé
a7 o oA e oy
R 2o M 7

ﬁ
i ey
SN o

NIRRT D ol
PWAET T T

(4707 4]

_22_



10-2619797

s=s5

0015

2

[ A

ﬂ@%%%%
%0 N %o oy %o
TNT W
Mo mm
B h D
B W HE
To T W I M

EPA
M3k
sl B E
< A7l
3%
1e] 2

= 54
37
A=l
=~
Al

W o BT RO
F T D W
—_— =X
— 0 T ~
L
To o [ I M
%o %ﬂﬂ%?
W R T
lav L
T TN
i) ~
R T oper < M
g CHNI.
E_.,u__/lAﬂl WL ) Mée
o TEeR
X0 & WA R W

ﬁo

ﬂ@%aﬂ%
o K _&.anm_-
g T
Ofm N W E ;OO
[=! T oK
P T ape
™8 ™
ERER-gN
io o W o
=0T W B T
o W

\mﬂﬂAlEﬁ ]E._

%%3%%%?
pEar T
X AR o
RE® P oy
o R T

—_ e ~
ORI

REWRNEFT T

_23_



	문서
	서지사항
	요 약
	대 표 도
	청구범위
	발명의 설명
	기 술 분 야
	배 경 기 술
	발명의 내용
	해결하려는 과제
	과제의 해결 수단
	발명의 효과

	도면의 간단한 설명
	발명을 실시하기 위한 구체적인 내용
	부호의 설명

	도면
	도면1
	도면2
	도면3
	도면4
	도면5

	심사관 직권보정사항



문서
서지사항 1
요 약 1
대 표 도 1
청구범위 3
발명의 설명 6
 기 술 분 야 6
 배 경 기 술 6
 발명의 내용 6
  해결하려는 과제 6
  과제의 해결 수단 7
  발명의 효과 7
 도면의 간단한 설명 8
 발명을 실시하기 위한 구체적인 내용 8
 부호의 설명 19
도면 19
 도면1 19
 도면2 19
 도면3 19
 도면4 20
 도면5 20
심사관 직권보정사항 20
