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Summary

In electrical impedance tomography(EIT) array of electrodes are attached on
the boundary of an object and small alternating currents are injected through
these electrodes, and then the resulting voltages are measured. An estimation
for the cross-sectional resistivity distribution of the object or changes in it is
obtained by using these current and voltage measurements made on the
boundary in a nondestructive manner.

The EIT reconstruction algorithms developed so far classified into two
categories. The one is static algorithm which uses a full set of independent
current patterns for each reconstruction. The other is dynamic algorithm
which uses only one set of  independent current patterns for each
reconstruction to cope with fast resistivity changes inside the object.

In this thesis, an on-line EIT reconstruction algorithm based on the
extended Kalman filter(EKF) is proposed. The EIT reconstruction problem is
formulated as a dynamic model which is composed of a linear state equation
and a nonlinear observation equation, and an unknown state(resistivity
distribution inside the object) is estimated recursively with the aid of the
EKF.

To illustrate the reconstruction performance of the proposed algorithm, we
carried out extensive computer simulations for synthetic and experimental
data. The results show that the proposed algorithm has enhanced

reconstruction performance especially in fast changing dvnamic target.
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Fig. 1. Schematic diagram of EIT system
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ARl Hefg whito]l Frh FEMoIA w1A Al 9 Q8 N nfg e
QA EmFodA 4hadshHher ARsn, 4 24 o Hds

@ol d stk

L 7bAEke iR e w Wt w gt Zo] AAkgd
Yu=—¢ (2.1.7)

. . . gy MM 21 o . : R
o} 714 stiffness matrix YER v AgE BE gl c=RY e F

Q1 AH9 ol ME FEMY £ =X Fo|u}



2. 38 g4 54 A5

1) modified Newton-Raphson(mNR) <72 &
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o =[VI'V+IVITUR[V-U]) (2.2.4)
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regularization W¥oli: o2 7EA)7} vk & AR5 wwe 2l (2.29)e

AdE WEHe T8 ggn 2o telyiz Aoy

do'= —(H+aR"R)™" - {J'[V(o')— U (2.2.10)

o 7] 41, Rensselaer Polytechnic Institute®] NOSER U 5128] 5 (Cheney 5 1990)9)
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Read measured electrode
voltages U
v
Set an initial guess for p, a, R
and set stopping criterion ¢

}
Calculate the electrode voltages (i=it1
V(p) by FEM
v _
Calculate the global error B prl=p' + Ap!
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w No *
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End

Fig. 2. Flow chart for regularized modified Newton-Raphon algorithm
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Or+y = ka/e+ Wy (2.3.1)

A71M, FrERY Ve e Hol gUzM dvHow Taar mazyy 7

sfxch. N FEMe % 22 #olth ol F,= V(@98 E)olH random

walk 2ol gt 28w, weRY e e 2o FRUS e WA ge
A]H(white Gaussian) Z &M~ =Fgolat 7}A sk},
.= Elw,w]] (232)

Uk = Vk(pk) + Uy (233)

A71N. e R Bt e FEUS 2E oA A 27 Lol

I' = Elv,v]] (2.3.4)

o9

4 (233)% B8 A4 RN AL ARE &, o o Bl 13 HY

o WA et 2o Has 8 4+ ot

Ue = Vilowi-1) + Tlo se=1) - (0r— 0 ape—1) + vs (2.3.9)
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% A 2] (pseudo-measurement) y, & tt
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V= U= Vo m-1) + Tl 0 we=1) * 0 pip—1 (2.3.7)
g 2e AEstd oAl H4 g Now RN 4 o)
Ve = Jilowe=1) 06+ vy (2.3.8)
Wk A, EKFE dAsY] 93 524 wde 2 (2319 As wraag A (238)
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2& At
2) spatial regularization
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Jo) = Flos=puacill ..+ lve=Jiowe) - oull 1 ) 239)

A7, Cpp  ERY VL 03 BEA gon}
gH, ol MAH EKFE ZU o5 g A Ao olwulo]ld Z g

(innovation process) & &4t #Z o] HPA & Lo} 3l=d), ol= EIT HE 9]

N

$HAgoz Qo] TR WA HHSI hS 2 A9r) BAHD oy
2 A A RYRES xS oled PANY TAE 2Ry s ug
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P M 4 oy B =5 RS 249 rmNR HoMe U3 u
U<l subspace regularization 7] & A} &3l sl

i

HEE oA ZA 9E yeRY R o g8 H,eRY g g8 2ol

4 o) 5wt
_ Vi
Ve = ) (2.3.11)
VaRp"
I
H, = N (2.3.12)
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A (231009 ¥ & = ohgH o] FEAY.
T o) = _ZL{IIPk_kak—IH Cun o '+”7k—Hk(p ke=1) * Ol r '} (2.313)

714, FreR™ " & dgy go) Feuj: FEA Yol

I'= BlockDiag[ I', I\] (2.3.14)
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3) &3 7

=1 O [L %E‘}
2 (23138 Hagsl: 2% Zuw "EE ZA =4 782 (measurement
update) ©Ale} A1z A2 (time update) ©HAIS] ¥FE &3 Mo 2 FAm|i=g|

zh7be ohgn b,

-
i

Yol

¢

& 54 A v

Gi= Copm  H{ [HoC o HI + T17V 5 2 o] &8 (23.15)
Cue = (I= G Hy) C pp— (2.3.16)

[ R Gk(?le—Hk 0 ke—1) (2.3.17)

& ¢ A

Corwe = FhCuuFi+ T, (2.3.18)

Oks1ie = Frome (2.3.19)
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Fig. 3. Flow chart for the dynamic EIT reconstruction algorithm using

extended Kalman filter
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Fig. 5. FEM mesh for simulation
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(a) one target for case 1 (b) one target for case 2 (c) two target for case 3

Fig. 6. True static target images

19 6ol B9 372 Aueleel dig rmNR, LKF 2 EKF %329 of

S B HAES frame B2 LAY tSy) po

(1) case 1o oish g+ 29 23
case 1o tHat =9l AFoAl A 4 QIS0 rmNR, LKF 9 EKF %% H]i A
d23 Hd Jog dEhd loen, 19 109) RMSES AHE®, 3 wx
frameol A= rmNRe] 7}3 Q47 2HA| Uebu s LKFe] @ 2b7 24 Uy
T WA framelt Bl EKFel 2.217F A A Rolxlm e

AA
e, frameo] F7bet % EKFOl 3ty rmNRuu #olge #els 4 g

c}
[ e [
:1 0. I " g,
™ 5
- N
» M .
n: »n ALl

®

3

E

]

(a) 1st frame {b) 2nd frame (c) 3rd frame

Fig. 7. Reconstructed images by rmNR
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Fig. 8. Reconstructed images by LKF
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Fig. 9. Reconstructed images by EKF
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Fig. 10. RMSE for case 1



(2) case 20 thgh g o9l Au

casc 2ol tigh Fol Axfel Il @b 4 9)iio] rmNR, LKF W EKF 2% H] ol
A GEE B Ao vehdla dow, 1¢ 149] RMSES dued ¥ g
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Fig. 11, Reconstructed images by rmNR

(a) 1st frame (h) 2nd frame (¢) 3rd frame

Fig. 12 Reconstructed images by LKF



(a) Ist frame {h) 2nd frame {¢) 3rd frame

Fig. 13. Reconstructed images hy EKF

Fig. 14 RMSE for case 2
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(a) Ist frame

(b) 2nd frame

(c) 3rd frame

Fig. 15. Reconstructed images by rmNR
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Fig. 29. EIT measurement system
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(a) 1st frame (b) 2nd frame (¢) 3rd frame

Fig. 33. Reconstructed images by rmNR

(a) Ist frame (b) 2nd frame (¢) 3rd frame

Fig. 34. Reconstructed images by LKF
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(a) 1st frame (b) 2nd frame (c) 3rd frame

Fig. 35 Reconstructed images by EKF
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Fig. 38. Reconstructed images
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Fig. 39. Reconstructed images by EKF
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Fig. 43. Reconstructed images by EKF
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(a) before moving  (b) moving by 90°  (c) moving by 180° (d) moving by 270°

Fig. 47. True dynamic target images for case 3
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(a) 1st frame (b) 2nd frame

Fig. 49. Reconstructed images by EKF
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Fig. 51. Reconstructed images by EKF

(3) case 3° tigh g7 5 Ax

1Y 529k 530l M AU £ ko), HHE Al Bl B Aot FAls
dybg wolx vk % LKFe H9 Ao M= & frame F<tol| o] E3hi-
A2 HHsA FAET ot oy framee 2 utHE A Hol| M= o] F35 7] A
o] vpAlet FAol e B AbehAA] @ AL EaAstn Aok, 28y, EKF
o) 59 Aol M1 ¢ frame FUel o) F5dte EH Wl B oflel, e

framed vh¥ v AlYAME olFshi: HAE MwA F FHstn UL A

1”543 B A gl dlal rmNRE 298 A2 A, 3 frame ool
ol EF3ky LA dol Foldv] wWiiFo] rmNRS 2 g4 Edo) 283574

AgstA B3s A Adrh

rr



(c) 16 step of 2nd frame (d) 31 step of 2nd frame

Fig. 52. Reconstructed images by LKF
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Fig. 54. Reconstructed images by rmNR
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