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Three-dimensional reconstruction of electrical impedance tomography

based on corresponding points matching interpolation
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Chongqing University, Chongqing 400044, China)

Abstract: An interpolation algorithm with corresponding point matching is presented for interpolating two-

dimensional reconstructed images of electrical impedance tomography (EIT) to realize three-dimensional

reconstruction. The calculation methods of the gradient and its orientation angle have been adjusted

according to the characteristic of the EIT data, and the interpolated slice shows good quality. The

experimental model is a 2. 1 S/m cylinder agar block immersed in a cylindrical water tank. The comparisons

of the presented algorithm to the linear interpolation and the shape-based interpolation are made. The

results show that corresponding point matching algorithm can ensure both accuracy and computational

efficiency, thus the algorithm satisfies the requirements of the real-time EIT monitoring.

Key words: electrical impedance imaging; image reconstruction; matching interpolation

B 71 i 18 (Electrical Impedance Tomography ,
EIT) J2& — Ff it 34 25 1 2H 2 el BHL 70 45 e 1 B 2 AR 1
Ao HL BT AR — 4 T B 1 R AR B U A B
(18 FhL S LI 28 P IR T A S T T e A B B
AU E A DA A B RS R A DR R AR AR

Wi EHE:2013-02-15

B0 G SR Al N [ I NG 70 =
TR T A I A R Y L AT B L S R =
e S LM . = 4R TR S AT AT B R o8 B Y
HL S 300 A E TSR I R AR X RS K R
EIT W37 B8 5 2 R S s 7, = dE T 58 ik &

EE TR PR RSB 55 £ 2% BT B) 5T H (CDJZR10150021)
PEE AT A2 (1957-) . 55 i DR 24 0 - 19 o A S U o 5 A v 3 BB 7 2R 9 B2 2 v B9 32 T F 58 » (E-mail) hewei

(@ cqu. edu. cn,



¢2 http://gks.cqu.edu.cn

TRKXFFHR

% 36 %

S [ B T R L DT R I W A R, O 2
EIT Widp il ok . 2834 X e sty Rk A7 = d gt .
T AR R RO L HE = R Bs A R R
(] 46 {F 2 % 5 (1 . Zimmermann' ™ 7 42 1 8 BEL 4T
A I 5 2R 8 e 4R IR A B T [ R A A
S L 19 A A A0 B e S A (HHL A AR Y O R
L1pu

Vel 15 o) 47 5 43 g Bk TR B B OB R
R T /B IR 7 6. AR R R TR £
1) MR 3 4 ) DX 8 A ] 38 82 68 X 7 it DG I K 2 4 (D
P9 RACES 5 20 T R D T X0 4] i 6 G A4 67 K o
A7 (L o 0 J8 17 o' i A B 5 30 R AR R S
XS i 120 5 2 K DB e ok L i 1) A 3 B G Y
TSR 5 ) TB R 5 K BE 25 45 4 (5 5) 2% T/
DRGNS

VG P §7 10 5 325 7 47 (28R A0 T R A e T
N (R 1 B2 2% A (N 18] AN ) T S AR
DRI DM 25 5 SR P G I e 2 47 L 59 0 Xk — 4k T A [T 4
S (EL - AR A0 P BEL T i 15 4 B0 1 0 ) B A
B EETT 1) f SR A SR AT B e, H (E 15 2 5 1) )
TR S X4 (L 14 A R e o ol — PR A

1 EESBEEERE

VC i s AR 35 2 2800 0 B IR R D X — 4
F, BHL 7T A S0 AT TUAL B L DAE 4 (6 0 5 2)
E e HE VT E R 28 3 45 5 v BEL BT T A TR B a1
o AL R R AR DR TEE B Y B R RBG B2 7 [n) A 0
S S Tt 5 3) A 4k B A i £ DT E X i A
(R R R A (L
1.1 fAERTH R E

H BELAC R 15 A A R T T A BR e
3 A5 B B EE G A O ) 23 S B = AR SR T TH A
R AR RS R T A R R 3 — A
T i B A = A T8 W 5 36 1 289 0 TR 4 2% O
A = Soois 20 B A T0Us A il S 8 . PR
AR B TT A AL L T RO A% ST AE B = A E BT
I I = F T2 TS A L 5 AR (ELAA (ELAS 3 19 4% 09 Fe
FRAE . BRI, ROA% AL S5 B RO AR X B T A%
25 DG 0 470 {30 0 b AR 3R RS s 1 F S R (A
o7 T £ 5 DG FC A7 (i 0 o i K BE A
1.2 HERELESR

L Sy F1S . 2 AHSB PR BRI b, BIER &
JZEGFIEE k1 JZEMB . TE Se M S, a3 i I
TEERNWXW RE D Hdrafa oMb el
J2 DB 0 % o

— P AR VB TE A0 B SR A0 SCRR L 1T BT sk o
I A 3 D G B2 5 R AN

Row = (0(xmsynszs) — 02 sy wozin )’ +
— Do (@53 sz )
R G D DR
[V =2+ Ga—y 07 ] (D

E AR VEEC RS Pr (o vz F1 Py (2
Y wezen) T IICICFRRE , Py (s v 20) R RIEE S
DG i B30 9500 o e DG i i A R AR, P (2
¥ sz SRR SCERLLS T 155 DG i 5 A B A A
F o o) S PR R A L3 RAE . Done 2 RIS KLY
L 8B A, O A AR A HL S5 56066 32 U 1]

(o — 20"+ (o — 3')7 RVEEL X Py (s s

2) Al Py (JT/m ’y/n s Zpr ) %T: xy %ﬁiﬂ’]?ﬁ%ﬁﬂ'ﬁ%o

12,1 xF#f st o Xowg st

L5 K BE R BT B A X R

D(x,y,2) =
N/[v(r%l,y,z) Ev(r—l,y,z)]z 4

[m,yﬂ,z) ey 172>T T

[v(l‘,y,z+l) —o(x,y,2— 1)j|2
5 o

2 oC e ) g i 8K BE (L XoF LT A A 1Y)
LR %I o T 1) 4 BE AR AR v 7 1l )
B S A I 4 ) 68 P 1 T SAR A8 B A - 1)
oy TrI ) e A1 F T b SR BE R (]
Trla B ¢ mAd gy TTRE e sM [ A

Dyt (T s Yo s 23)
(6m.n.k (‘Im s Vn ?zk)

(2)

d, i (G )
\
—

i
P2 vt )\(
mg' ¥

)
ICHEY

Bl EREATE

QAR A TR AR B P g — DUAE o T ) 2
v J5 1) b A AR AR 5 U S TS A 2 R A T
R R B A R A AR S R R B R
B B K O VIR R IRt T 75 15 UC TR pR KM - 14
(7 5 AN RE A (EL UL P47 (. PR BEL B AR T AL %
B A A 0 I A 5 R0 A R SR 2 1 T X (2)
D) 2 ik T T 96 R B s L A R T S Sk = 4E
FE. UL FREE A RS L sy = D7 1] 9 ] R X



% 7 http://gKs.cqu.edysCny , %, & F 2 i & T B 36 A sk a9 b JL 45 = H A 12 & 63

(BB -
D \/[v(x+1,y’z;x* U(I’y’z)T 4+
[mLy+1ﬁmeLywq5+
[mﬁyﬂ+iZanywqi (3)

WP L FoR s d, s dy 53 530 I P A 408 S A s (]
Ay J7 6 YR o 2 R JZ B . 4 Fr 4 (ELA
PO PA NS NS A ARG PR N B AL DE U R 9
325 5 FEAR AR R AR B (R, S 7 1 R 9
VAR AT S BT A I B DL R R A A
PLE bV SR R . A 1 b A o iR
FEQELIS AT AT o FOAE no B AP B R TE 22 3 R
ol b S T 0 A B T A RS O SR AR
B FHILAE B R 2 il = Bl B 0 LR P A
IERGEP
1.2.2 MBI & ok o X st

O 2 PR S L S 300 2 05 i) £, Y 1
(10 F1 8 a M e’ J&—XFDLfc 5. SCHk[15 1466 A
FCE VI RBOR A I B0A B I8 = R AR EH R
VL C X B RS = Rl 2 E

Omone =

’ ’
"U(l‘m s Yn yz,) — ol y, sV n s Zpi1) ‘ )
°

arcos( 4D, .

Forp Dy 2520 C3) 15 2 B9 HL S 5B B2 (H L A
(«vaynvzk) ﬂlljj\ (I/m9y/n’zle+l) %—Xj‘@@‘a;@o %I,
FL S OB AL O O I, AL S SR BE T 1) AR BEA O

Ao B 4 %) DETRC A Y D TEC 52 BR) 80(EL i 5 2 B UE TiC
J3E o RSP B /1N B — 6 X IO A DAy B A DE T A X
1.3 fEfFEER

e 2 d A VB I A X s R P A L X A 4
A A7 R A 2R S AR DA T A7 1 ) 8 0 PR 1R

d,

d
UCTRL VRIS (X s ynrz) + Uv(l'/m Y s ) o

d

4

(5)
/ﬂ\:':'j Pk(xm’yn’zk) *ﬂ Pk+1 (~T/m ’y/n7z/e71) jﬂfi’fﬁ@
BCsiXTs d A FRid A ER B LR R B 5 o
Fr B B8 30 T 2 BRI IR

2 FHESREEXRREIE

2.1 WEEZR

YR IF A B0 Visual CH 6. 0, LI IR
TR A AR R 0 2.1 S/m i R AR 59
UnTEl 2 Fr s s [ AR T2 KR 1 b 3 it v A P 57 i S
JET A B3 IR M S W 7 B AT TR KA R AL

BARST BIAER R R KA BRI 0. 5 mm, 5] £
PRSP 422 0.8 mm., & By 0. 68 mm., i & #E
PR B AR 7 1) A A W B M 90 O R O 8R4 8 AU A
Y — 5 A 0 A A 3 e R IS A 15
Fr O 800 RV AR AR T 2 2 [ 4 et — 2= IR

2 RiEE

B3 BEEESYHCERR

4 ATHEEEZNFEBNRFRR

B 5 Ca) (o) e 1&T 4 7 705 B 50 v ) 79 A 408 i e 1)
Frs () S X Cad A1 Cod I FH 2 45 e 3 4 {59 0 A (1R
B E BB, H PR R 3 2 DU R [ A A
Yy o PRI R JEE (RS 0L 19 A B oL 3 R (E. AT LR
s IR HE B B 5 (b) B B Ca) 2 (o) By 5
P FEARTCARTY L HALDREE T 5 3R
2.2 FEEERIE

Jhy 6 UE DT PE 5K R A7 L 50 9 A 28 IR
i 3 R R N L L L o IR RIS R
I R I A (B BT 95 2 R 18 O DLISUET 1 DA b o
IR 37 1 7 9 % Sk 16 v 32 31 1) T R 4 {275 2]
4 R UEAT HL R .



¢+ http://gks.cqu.edu.cn

TRKXFFHR

% 36 %

e

(a) B BB

-

(b) FriFE A A

- —_—

(c) FIR B2
Bs5 HmEER

R ROy = - R P il 1] R SR o |
By B ER = %Z (v(zsy,2) — 0 (xyy.2))?

) Hp NOEER PSR o(a,ys ) BAfEE
BIG P A B SR, o (s y a2 R EEME A
BT FORM LR R LR 1.

®1 WmEHEELR

SCHk[16]
Hb 2 35 £ M BB
Bt H LHEHRE EH .
¥y %/
0.003 265 0.002 351 0.001 956
(Sem™)
AH XTS5 B ] 1 253.12 1020. 23

oI 1 Al A, 2 A R A AR 30k i 3¢
BRLL6 TR R 8 L 05 9 3 07 2 L g F ik i (2
PRI o T LA 3 T 21 9 2% T T I5C s 1) 4 {0 i
JESTAEG LG JBE AN S0 45 L BT AR B 9 25K

3 ZHER

Xt AR 1 8 M R BEL T 141 1504 {8 45 1 )= 4 {EL H
— JZH R R B A B9 15 5 R/ 81 X 86
9 P BELBTE B AR 007 S EE AL U0 7 A0 Dy = 4 i A ) R R

V. fF MATLADB R2008a ¥ 3 F, ¥ isosurface
(x.y.2z.D.isovalue) pf 8" 42 B (1A 46 i 15 3]
H 2,y z 200 BRI =0y = A FR (R, K/
81X 86 X 15 MM, D J2& AR B4l v a iy Hy 3 32 8
KN R 81X 86X 15 Y 4E B4 , isovalue 2R B g 5 &
B R B T B PR A S, e R sl 6,7
Fi7Rs

7T ZHERWMENCERRS

P62 = 4E i il 5 15 B B = 4ERE A, il 18 7 AT
RV A 0 RAR e 3t S e T R AR A R XX
IR B A R S (HAERE TR L U
TR b 2 IR AR = 4 T A Y 45 2R 2002 A BB [ Y )
R EERLUT S R TR & 2 BB L iy L
FETAT AR TE AU ol T R AR L T L R T R AR
AU AR AL B O AR - U 28 B AR A S 0 1) W O O IR
i T T (B VR 1A T R Y A A Y R RO
5 BT Y T 2 A 2k — AR A R DAL T 3
THEE AL [R5 ORI B [ AR AR D A 25 . =4
A 9 PR DO Y i R R AR S A 25 5

4 % iE

B8 X v BT R AR 1 — A o D)2 RGO 5
A7 VEAG ) 47 L JF X 4 MBS IO R B b A7 =4 .
L5 T FLBHPT A EA R[] A = 4 A T LA
PRI R R0 0 s TR I T G PR ETT Mg
Bt X v BELA7C B R Al 1 5 O B 5 0 1 A 1 B
JE 7 1) S A S T 0k o H R R BT 1 A A



% 7 http://gKs.cqu.edysCny , %, & F 2 i & T B 36 A sk a9 b JL 45 = H A 12 & 65

T BB IR AR 15 B fE F S R A £ SRR AR
AR AR . Il i 2 A R SCHRL 17 IR R
SARAELT05 AR LT R S B A TR T L e AR (RS
T[] 25K 38 & EIT BB . —4E s @45 )
LR i Sz e JUAE TR e [ A A S ) R R
B R E L B 2 RS2 M5 B 2B R AT LA
TE 40 P 5 18] 2246 (L P 152

B30

[ 1] Yorkey T J. Comparing reconstruction methods for electrical
impedance tomography [ M ]. Wisconsin: University of
Wisconsin: Madison, 1986.

[ 2] Chen SJ, Kou G, Jiang A X. Calculation and simulation
of the Jacobian matrix in electrical impedance tomography
[J]. Proceedings of SPIE, 2008,10:35-40.

[ 3] Choi M H, Kao T J, Isaacson D, et al. A reconstruction
algorithm for breast cancer imaging with electrical
impedance tomography in mammography geometry [ ]J].
IEEE Transanctions on Bio-medical Engineering, 2007,
54(4) .700-710.

[ 4] Boverman G, Kao T J, Kulkarni R, et al. Robust
linearized image reconstruction for multifrequence EIT
of the breast [J]. IEEE Transactions on Medical
Imaging, 2008,27(10):1439-1448.

(5] A, aiik, =48 d FELI0RAR M IR FRIT 7 1 19 2

AR LT ). 3R, 2008,30(1) :59-74.
LI Jiuping, YUAN Yirang. Simulation and analysis of
finite volume method for 3-dimensional electrical
impedance tomography [ J]. Mathematica Numerica
Sinica, 2008,30(1):59-74.

[ 6] RMemm, MR, sk, S5, e BAR BT 0 = 4 B B

HURAG R DF S LT ] W AR R 22 4. B2 AR, 2009,
44(5); 45-48.
WU Huanli. XU Guizhi, ZHANG Shuai, et al.
Research of the three-dimensional electrical impedance
tomography based on the cylinder model[J]. Journal of
Shandong University: Natural Science, 2009, 44 (5):
45-48.

[ 7] Zimmermann E, Kemna A, Berwix J, et al. EIT
measurement system with high phase accuracy for the
imaging of spectral induced polarization properties of
soils and sediments [ J ]. Measurement Science and
Technology, 2008,19(9) :1-9.

[ 8 2Hn, MouA, wIEH, 55 I XN VC L 1 W7 2
PG =i 7 22 L] 1. v [ BR 2 ) 3 2 4R 75, 2000,
17(1) . 14-16.

MIAO Binhe, DENG Yuanmu, HUANG Feizeng, et

al. Interpolation of 3-D images based on point matching

[J]. Chinese Journal of Medical Physics, 2000,17(1):
14-16.

[ 9] Zhang Q L, Shen W, Sun Q, et al. Shape based
interpolation of CT image with window technology[ C] //
Proceedings of the 2010 International Conference on
Computer Application and System Modeling, October 22-
24, 2010, Taiyuan, China. Piscataway: IEEE Press,
2010, 4. 536-538.

[10] SuCY, Lin Y S. Colour interpolation using wavelet-based
classifiers[ J|. Electronics Letters, 2007,43(12) :667-669.

C11] SRMeAs, FF2ms. SR 02 BG4 B = 4E T iedE [T .
THAPL TR 5 R 2004, 40(24) :80-82.

ZOU Pengcheng, YIN Xuesong. 3-D matching interpolation
based on images segmentation[]]. Computer Engineering
and Applications, 2004, 40(24) :80-82.

[12] Kalar D J, Garrigan P, Wickens T D, et al. A unified
model of illusory and occluded contour interpolation[ ] ].
Vision Research,2010,50(3) :284-299.

[13] Hadad B S, Maurer D, Lewis T L. The development of
contour interpolation: evidence from subjective contours[]].
Journal of Experimental Child Psychology, 2010, 106 (2):
163-176.

[14] Albu A B, Beugeling T, Laurendeau D. A morphology-
based approach for interslice interpolation of anatomical
slices from volumetric images[ J]. IEEE Transactions
on Bio-medical Engineering, 2008,55(8);: 2022-2038.

(157 Sfd, R, mhig, S JETREBRG CT W EE
BARAELT . 3 BLI A5 #fF . 2008,25(11) :63-65.
WU Jian, CUI Zhiming. YE Feng. et al. Interpolation
based on contour shape for CT faulted images[J]. Computer
Applications and Software. 2008,25(11) :63-65.

(167 gk, —RloBi it B T TR AR 09 B B BEGA fE  3 [ D],
M AR, 2007,

(170 Shgph, AW, FRHE, . —FEET ROL K A&

3 HEBE A G . T E KR EIE 44, 2008,
13(8):1525-1531.
MA Jianlin, CUI Zhiming, GONG Shengrong, et al. A
novel adaptive 3D medical image interpolation method using
ROI[J]. Journal of Image and Graphics, 2008, 13(8):
1525-1531.

(18] =M, R, #PHZE. 76 Madab 5 F 52 A2
WkmAE D R E LN =4 @@ ()] RN LR,
2001,27(12) :114-115.

XU Yunxiang, WU Xiuging, HU Yongjun. 3D rebuilding
of biology slice image by volume rendering in matlab[ J].

Computer Engineering, 2001,127(12) :114-115.

(h# Z%H)



