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1. A&

A7NLdud s G329 (electrical impedance tomography; EIT)& Al&® F3& Al
=go] vl go] HlaH AYda, vignHd dPoz EA gAEd g JPgdx 3
o] ZtedER, oFE, AT 4 Agr T FA ZUHY ETE FELI Yk 53,
X-ray ¥ MRI ©@&& 3o Hlsf otz B98 42 F3t A= (spatial resolution)s 2
A A g, &7t 33 = (temporal resolution)’t Holvtx <l Aol thg Aol RAPL B
g, dud2 54 meote] sieslez oFdt Roldk ¥4 @& &9(process tomography)
okl 1 o]f WU FdE Aoz AddHt B =FdMe EFIHA g F AAY
FF FERAMY FH AWE FH37] 98 unscented ZF RE (unscented Kalman
filter: UKF)E ©]-&3% 7] d¥d2 @389y J35d duzEFs ALt 5
ARE ERHo2 FE3d7] A3t front point 71HE ol &3l HFTGFE B3t
Agd FFEL dudF A5 S A5 Q8 27 F5FNAY 52 ARE BEALG
Aluged @& UKFE ol4% 3459 Aoe udy A=y ALste dFH &
g &7 Zwt UE(extended Kalman filter: EKF)9] J4E% ZFE 9z 2Asdth
B =89 945d ¢139F2 EKF ZAS &3 94849 gazde v AdFe
F7HHAE, FHEH A i GHED A5el ANHT E3), Ao g At A A
FA=E & g 4 3o

2. EIT?] 71&4g

EITE &43taa sk Aol ok AFS TeFa A AAH o7 YAeA Age =43
o X 5] A BEEE &3l A YR ©3 94E dE v]goldh HT Al2€gL A%
£ f8"3lx EAse st=doitsd 23d AgS o XX AIE BEE AN
4 B ¢ndEer A9 FAHAN SHD AU S ol 838ty A ¥ A ¥
EE Qe N BY duyFL A9 FAWHANA 98 A9 A3 i AFE FYsn
Wi A3 Z2X e g AW fEHE AGE AMEdE A EA(forward
problem)®t o2 AW FEP A e o]L3d A HRY MY RIE FAHI}n
A 43S EYste 9 EA(inverse problem)E ©]FoAth A EAlgt o EAo o
AL 3 dge ofgo] FojR )
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214 EA

A AA"A o2 A AFE T AFE FYstm oln] g1 Y= NF 29 &
TEA AAR fr1HE AYS dL# 2ol Neumann¥ 9 AAZAL ZE !
Laplace ¥4 22 7jedrt £ AFME A% Wige & A%S n3d A A
= Ed(complete electrode model)& &3t}

v-(*:; Vu)=0 n Q oy
wha b By, on g 12, L (2)
[ %a=1,  1=12..L ®3)
“L‘a”=0 on g\ Qe, 4)

AN Q 5 p o 2z Up v LE A7 BAL UR 9, 2A AAD, WA,
A WS, B AFANY BE AY, pA A4 37 Ae WA 9E, 1T Soln.
sl z30] Rrkstd, e EAYT FUHE 2] Slsk] o) AA 26 T=sEx
o WA (Kirchhoff's law)& WH3He 79 F 24% 574 A%l 8 2a¢ Frhag,

L
L .

A4 ez FARE A A4 e 7T F glong £ WEd £
2 2-%(Finite Element Method; FEM), #% X% (Finite Difference Method; FDM), % 7|
828 (Boundary Element Method; BEM)Z o] 1451 gon B =Fodrx= FEME A
&3t A€ T gk FEMAAE A 99 of W% B2 242 ARsn 4 a2
Hel A7 ghel dAsgy st YR w=9 A¢ uE T 2ol Altet

P

Yu=c¢ )

7] A, stiffness matrix Y € RM M= Aag BRI Fd5om, ce R™': force

vectorZ FY AF ¥ (pattern)d] Folx, ML FEM & =50t}

22 9 ¥4 2 unscented Z7 ¥

AL ZARA MF& B FYF AF A3 AAUY AZFo) fr1HE Ag@Fe o
|3t YR HIAES FAE ARS o A g}

ARS d e RIS o] A W42 AASE o)A AlzE e A3 v
3 BAAL g3 2o 289 F Utk

Al A" e

dy=Ld, 1+, (8
Uy=h(dp+v, (9
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471N w € RV y e RVMe AR g[o p]], Q=Hopl]% 2& 388 Z
£ W4 712 ¢Hwhite Gaussian)Z&olgt 7143k 7|4 Ax front point HE 9] 34
oj3l L& AF9 ol

ag 13 Zo] HkA o] RY #& B3 MZ 4olA ¥& F dA7 58 7?’%@‘4.
T AAT A= AAAN EEXE front points Py, (A=12,...,0 A& FAHE 4 Utt.
o714 AE front points®] F4-°|t}, p% p= A% # A3 W 9 EZ front point©
3 AAY 7+

figure 1. Schematic of the stratified flow and interfacial boundary.

Zrelel AL QUth front pointsE g WAEFE dto] YEbd = Slvk R front
points(A=9  A—DE THY F33 e A" front point( ,, N2 FE F3 WP
A g2 AT F Y1 P9 FF= (X,,d,)2 YeEbE & Ak 94714 £34 99
points ¥ X&= vlEl AAHAAG, a3y 4 E9] front pointst Yol & WPeE A
4 5 gloh 2 dAlel g3 gE (x,,0=(RO% (x,,0=R0 Z°l front pointX
BABRNZAGAA B2 AolZ AFodrt

d . d
(Xl’Yl)Z( RcosR,Rst) (10)

(XA,YA):(xl,dl) l=2,"’,A—1 (1D

(XpsYp) = R (12)

(RcosdA Rsmd")

R

714 WA WE d=(d,dy,Ld,)T € RY*'E= unscented Z% HES) o8 FaAch
UKF= EKFe 93d& H&3t7] 98 Ag"” wAdg He otk EKF(extended Kalman
filter)= BIAA¥ Al2"olM Hgates dEHY FEHE 34 JHad ypd TN S
A Add o XY 2dE HY3Ete Ao anng uAdy mde Mysis &
EX0g EXNL JTAA A eI HE A9 2on zpFu| ¢ (Jacobian)S A
Fof 3t7] wjEel Aol wWol AA Alxde HEEr] P EAH . UKFe
ERJL TR 2L 7 ) EKFE 28] HAYE Y-S Myeetx] g ol 4
e o} W3 sigma pointE VA3 E, 279l sigma pointl i v]AY EdE F3] A
AR AFE AMSEe e FE Fwd FE FEYS 3PS A3 UT(Unscented
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Transformation)& 3 st} UKFE AzZu|¢ts T3tx) golx Hm g EKF Bt AAA

el Utk EF, UTE 59 284 949 dgs

GEREF 9gFo] glomg EKF B

o AT YAl Holuh Fol ATk UTE ol g3t UKFE 7Ass #4¢ 4

@ehd s g,

%713k
dy = E[d,]
B, =E[(dy ~ dy)(dy — dy)" ]

d; =E[d"]=[d; 0 of

By =E[(dg ~dg)(dg ~d¢) 1=

S o v

sigma point Ak

di,=|dz, d o B dp - Jorenz, |

Zl(ci}k—l = I'llil + X

M o
- m
d, = ZWz Xi kg1

o o
==

2M
B = W Wpor = W ~ 45 T
i=0

Vig-1 = e (XI(j]k—l) + X

M o
- m
Uy = ZWz Vikk-1

i=0
24 A2 B

oM
B 00, = ZVVi(C)[W -1 ~ U Wk

i=0

M .
Pdek = 2 m(c)[li,k;k~1 —dy ][Zi,kuc—
i=0

Ky :BikU‘P'_l

0,0,
d, =d; +K, (T, -U;)
P =B -K.F;; K}

AR d=[d" & OV 2=l &) )T ey,

-1 "01;]T

1—‘?;]T
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3. FX4Y

AgdE FFEL dudF A5 BAFE7] A8 FF AEFANANY ) AWE BA}
g AU e e UKFE o183 489 439 iy Ao FEste g5
2EQ 23 Z7 ZE(extended Kalman filter: EKF)9 dA4E Y A4S vix E4sguh
FALAYE d3de 29 4-5 & 2ok AP AEL 28cmol 2 yH7F 25emd M F 167071
Y FHel 4 fxHo] Utk EFHA v F oAAY AYES 7 0.01( Q)%
0.0001( Q) 22 thHl &2 1000:1 olth, FXAH] A48 w7 ¥FE table 1. % gon
A% d9 ¥ 2(contact impedance )&= z=0.00501t}. & 32 frame ©] AMEEH AT}

Table 1. Parameters used in simulations for assessing the impact of measurement noise
in 10 front points case with 1:1000 contrast ratio.

EKF UKF
o 0.01 72 0.0115
R 5x10°1, 3x10%1,
I 0.011 0.0114
4 0.0001 -
a - 1
B - 2
K - 0

Fig. 2.= UKF9l 98 J45d€ AW EKFol 93 AR AA ZH9 A (solid
line)& #o] B APHoz JAEd ¢ndFY 45S vy Ao UKFA 9
3 BEd" ARFA Tl EKFol v3] AA B 94X @ Zvig v} AEstA gde
o 53], FEES A¥E £E7 #A] Bie AvHLYddE BE7e UKFE 839
AR 2718 A AYA FAGE A 98 + AUk AGE IEED gnFe
Be& Brtetr] st AA

Figure 2. Results with 10 front points for scenariol with measurements perturbed by
1% white Gaussian noise and contrast ratio of 1:1000: (a) reconstructed boundaries after
every 4 current patterns. True profile (-), EKF (-x-), and UKF (-o0-);
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g4 AW 249 AwWe RMSES thew 2o Bostgrh

RMSE ” estimated dtrue H
| e |l (28)

UKF$} EKF9 RMSE,S AF o] dg 1)=& Fig. 3.9 Jehigie.

0.186

G141

012+

a1

RMSE,

o8

0.06

0.04

. n L L " L
5 10 15 20 25 30
Patterns

figure 3. RMSE comparison between EKF and UKF,

b

ae

¥ EEAAE, B3 YR AFEY vHY F5EH Jlede FAUY SAZALGE
FEAN AANA AAHE FH AFE g Ustd Ml e AW
random walk 2dg o] &3te] 73 iAo FAHE §4 RIS ZAZ, Az
wel Wile AYE BEE 437 98 unscented Z9r PE](unscented Kalman filter:
UKF)E Algtatdct, Agte %‘ Fed duEe 4% #1F37 98 pipelinesdl A &%
HA e F AA 2F F5FAMY 53 AWL 2AS AU E AAstd UKFE
o8 FFEL AT HlHY A2doM HEste dEHYI e 33 Ay Py
(extended Kalman fllter EKF o] YAEQ AFE wu EAIYY B =EdqAM Ao
UKF 3489 dueE KFel 4549 duegFel v, Az FIHtA g A7)
met {E3e 54 7413101] tﬂﬂ BAAEY Tl 538 et
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