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3D electrical impedance tomography method for pulmonary edema
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Abstract: In order to realize continuous visual monitoring of the pulmonary edema process, monitor the characteristics of
dynamic changes of pulmonary edema in real time, a 3D-TV regularized 3D -EIT imaging method based on
Split—Bregman algorithm is proposed. The 3D-TV regularization method is compared with the traditional conju-
gate gradient (CG) and total variation (TV) algorithms to evaluate the relative error (RE), correlation coeffi-
cient (CC) and structural similarity index measurement (SSIM) of the reconstructed images. Finally, the 3D-TV
regularization method was applied to the rat pulmonary edema experiment, and the whole process of rat pul-
monary edema was monitored and analyzed. The results show that compared with the traditional TV algorithm,
the 3D-TV regularization method reduces the RE of 3D EIT imaging by 9.1%, improves CC by 9.1% and im-
proves SSIM by 7.7% , indicating that the 3D-TV regularization method is more suitable for 3D-EIT image re-
construction. And the whole process of pulmonary edema in rats can be monitored and imaged.

Key words: electrical impedance tomography (EIT) ; regularization algorithm; image reconstruction; pulmonary edema

i N e o 1 O 1 = 28 21 <19 7 Nl e =X 5 OB 7 1 SO 7 s e ey RS I g s R
B A 11T 5 [ A AR K o35 3 it SR B Kk e T XA b 3 AT 2 . ARk T ALK
REIGE , WRA L BH2yT e FEU - EEE G 1 (computed tomography, CT) FIRZHEIAR A% (ma-

i EE: 2022-10-10
BT : ERHRREEERBITH (62072335, 62071328)
BEEE: £ Ow(1985—), 2o, b 0%, B 1 AR REE B ALHE . E-mail : wangqitju@163.com



- 60 - X B T Ik K % % #& B3
gnetic resonance imaging, MRI )55 522 G H AW T V=F(o) +e (1)
T AR AR 2, DT T LSRR NG 3R P AT I BT e R 22 75

PR R ERAE B, SR AR GE R BE 27 UG T TR AN RESR
R AP0 ) ST A g

VER—Fh DI RE AR HA , Fa BEBTIRTZ S (electri-
cal impedance tomography, EIT) T LS Hsf W 0l fii 7K i
B ENARHE , T3 M it K b By 3 #2, EIT S&—FpaE
LB AR AP BB B AR 55, B T HERB A DA i
SERA 0 DX RRAE , BT LA A A 2 W St Al K e
AYFRAR T B EIT UG8 T30 ) R0, iy Bl il e 45
0t DA K R R R B (s A, B A U 1Y 2 () 3 R
B, 00 M P A 2 7 AR BB DO 2 VP 2 B
BRI E B AR T EIT BURE Y, oAk
I FESR L JEEORATTEE, 40 Tikhonov 1E WAL AN
Laplacian 1EAEY, 388 L, JEE0E N1 TR
PRI GEARAE , AR T BIT B35 9eR, Jf B
SRR EION, B TR RN T A 1 S A
HER Y L, JEEUEN L, 278 53 (total variation, TV )y
Pk —M L JEBCENA T8, a] R — Xl N ek
(PDIPM) Z&AAH 5 ) e i (LADMM ) Ml oy 2447 B
% 52 705 (Split—Bregman ) 45 7 2R f# 02, IT4ER, TV 1E
WAL F BHATC T2 AR A2 31 1 T 12 W 6 iF SR
FW TV BN RESE S R B e T, & —Fhid A 1
BEARITES, TV IEWER— T g, 5H
b 5 32 A B, Split—Bregman J7 5 o T 8098 290K, g
b7 e — RN, X EEfE AN A] g R IC 2 R )
T HL B 4T LS, AT i 1 PRI B 4,

H Al C 2 SR 1 E1T B2 A 5230 7K i iy
Ak, (EJR G = XK b R AT = 4R AR IS
ARSCHEH T —Fp LT Split-Bregman 5341 3D-TV IE
W =4t EIT MR T2 =4k EIT iUREA R H T
K BRI 7K i S5 (12 5250 0 HE AR e SRR ), S8
X R BRI A b o R A = A AT AR I o AR A K B
JEE B SR 50, (N7 T ELSEY 3D s AsiAy , T
UL, W0 R 7K ek i3 F2 , SR Split—Bregman 77 7%
R T EIT EHREEER) TV /MR, FIH 3D-TV
EMAESE I (CG SRR AN TV Sk HE T EIT RYR S AT
HEATXF LS PR, e J5 s 3D-TV 1E WAk 32 0 A Al
K SEE 5, Xof IR B 7K e ey A deb R A T A A A

1 EIT R/&IZib &l

£ EIT 1, AR L R o B 23041 5 0 Y
NFREZE V ZR KRR N

JHrpus 2 (1) T AL R -

V=Jo+e (2)
2PV I RN A T R o
Sy HErbmRIZ %352 1) i S5 (ke

ST R FH 3R b D 2 (R T B P 1
SR TR [, %5 A R g R
5T AR Rk (3) s e/ M e

o' =argmin [lJo - VIP+ de(o) (3)

A /M I GE T TV B, A Sc
[ — AU L SR o HAE RIS T  BAR & oW,
i=0,,q - 1(q HEMGBREEO , AT 4 B I1E
SIS E R -

olo) = (4)

! H 2

YD owl

=0 A

A . WG R o £ =4E25 0] AR S T
3D-TV IENALIZ pR ] LB % S ¢ = 3 3875, Dy = D,,
WO:I; (plzD), 1[’1 :I[/J& (pzzl, W2:Dz’;g\:|:'j Dx\
D, Fl D. 535 i « Bl oy BOFN 2 h oy ) b B PR 2295
JEF%

2 3D-TV EN{E%

K3 BT R /MBI, 76 o2y e/ Mk
[N A Bregman 14X, GE 68 i fif Ui S8 554 9 24
R/ MERIRE R, AR X — AR, Split-Bregman J5
2 LA 2T B ) SOR AR LA S AT T R 2 R
s/ MBS, X5 T TV 298], i Split-Bregman
D7l TV 2 Rl , 38 B A SR (o /)N
b, 38 AR AR T TR

FETF 2 B /N TR) R HE TE 24 B /N T R 2
Zy KA A S Ak Split-Bregman J7 73K fif
K (3), W IE WA BRI B 7 SR 0k — 2 R e/
AT A

p|
o' =arg min lJo - VIF+A | |A\) Y |52
o,S !
i=0 4L

sU.S=® oW, i=0,,q-1 (5)
A S AEOL AR o e A Bl 0 248 1 o AR Al
FRES Rk =X (5) , Hodh Mk

q-1
Ds(o, S =1 Jo=VIP+ [ \[Y s || +
=0 h
B8 ot bid )
: 20 | @, oW~ | (6)



%55 ]

B, A MK = A e BT R T

-6l -

KA 3 TN TR S, = & oW, 5] A RIS
T, 4 oo B, 20(6) MIMRREE F20(5) A

1 I PG 2 50 s /M ok ek (6) , T HoAth
AR LR ARG BRI A T AR LR 2 4
Il

q-1
H
oru=argmin || Jo-V || 2+/§— Y@ ow-s,,|>
o i=0

(7)
q-1
o = arg min 2 | @ o WS, ||7 +
=0
q-1
DARIE ng-1 o (8)
i=0

B 1 AT AT )2 {J\E’J PR, FT ASRATT A -

JTJ+§—qZQi Qi) (meﬁ Zs ) =J(S)
(9)
R Q EE R Qi (o) = D oW, 20(7) AT LA L
YRR VR I T R AR
2 AT IR EN(8) T BN A I Q,(o,,) BT
A bR, TR H -
Sg,m _ 0;‘(0',”1)

= o

gn@wmwz

Op1 =

S 100 124 =Rate) (10

XA TTEEFR N Qo ) IIZHE TV USSR .
FHF EIT A 3D-TV Bk g5 .
#WiA:V,J, o, TOLERANCE
it o
1: F14a4E p=0; By>0; S, =0;

2: while S; # CI):-[ oV, do

3: while d, > TOLERANCE do

4: RAFEK (Y o, BHER(T)

5: SR (10) AT S, 0 HRAE(8)

6:n=n+1;

7: end while

8: Bpu=PB,* INC_FACTOR; p=p+1;

9: end while

IR N 2 DMER . ZH B TESMIE i

4T Do, So) W/ MEFE NG AT, 2416 2 =X

(1) NERS , BRI Z R N FBEER

Dﬁﬂ(ab) _(Dﬁ'j(g"‘l) <TOLERANCE  (11)
B,

FH : TOLERANCE M¥E i/ MR 2

dn =

T 3D-TV Bk = 4E 25 (o] L X St 17
Zoy, sk T HEE)ZSEZRNEBER, AR TR
AR, R, BERE A S L BR AR

3 ETF3D-TV AW EIT BGEE

3.1 KRIE=4{FEERIET

AR CAH I CT H# 1L (Siemens SOMATOM Force
MR CT) X R BB EdE: 1T CT 34721, ik 1
Fis o

1 KR CT
Fig.1 CT scans of rat

Sy TR 3D MR, AR C Rk
AL W PRI B X o i SE B T i KR ) U7 25754
It s R0 it 8 4 58 86 , SR ) 7 Mimics (Mimics Medical
21.0) H AT HR S I, A AR S s RS 14 0 2 A5
R, R T HERETE EIT IE [n) @ b5 B Fe0E (g,
SolidWorks(SolidWorks 2020 ) X #4771 A B, 4K
PRUEREANIET 2 Fr7 o dieJ , 4 M Js AR AR i o 2
AZ] COMSOL Multiphysics(COMSOL Multiphysics 5.4 )

rhssR i EIT 1E [R5,
% " 3 E

CT U I Mimics 17
BB 29 YR
) -~ ‘I"'
\ | ) b
! Throax A 2
?OMSOL SolidWorks
e )

B2 3D MBI R

Fig.2 Construction process of 3D thorax model

ARSI R R B =4k BIT ER EEEAY 3D
KRB AN 3 s o KK BRI R i
4 0.12 S/m, AENHEBLH LU HL T 24BN 0.48 S/m, I
Ab, FER B s S BRI 25 50 s — AN 16 A B AR A AR



-62 - X BT b K% ¥ ® Ba3%
A EAER LA TR R A SR EEZ E P2 . CCHY

=
z/mm

J»/”), 0 >0 o
4

3 KRBgAE 3D &RE
Fig.3 3D thorax model of rat

R T AT KB s R ER A 3D EIT B AEES R, ml
D RGBT - 2 MERIZ L. HER
PAEBIR il AL B 285K, RS0 3D EIT SRS E T
45 NEFZE  BZ 00 HEF R 32 mmx32 mm, HHE)ZE
[B)FE°A 0.5 mm, EIT 3% A8 3D WIA& Gl 4 s .

B4 RS E AR EME

Fig.4 Voxel mesh for solving inverse problem

32 FMBH

A SCHEFHARXS R 22 . ARG RELA LS5 AL 3
PN SEO A RS BRSO

(1) AIXJi% 22 (relative error, RE): i T 40 Hr A
VT A B 0 AR A R R S IR, AR SCOR FH PG AR X
2 RE X#Eiﬁﬁ 1M

Z

RE = ST (12)

j=1 =1

Kooy B j 2P
Xof IO ) FL SR L s N, R
M N ER B SEE

(2) K R % (correlation coefficient, CC): FHE R
B b T ISR A R Z ] A AR B A O &R
Bt LansX(13) s -

_ Covlo',o)
CC= (o™ 80 (13)

K co NI R S 0" Dyt i B L3 R ELH 5 Cov

AMEE I E R SR 0, R
Jj R EAREUR AR R BB

EAT 0 F1 1 2Z[0], CC B 3R 31 2 UR 19 45 2R B
HEHf

(3) Z5HAEMLE (structural similarity index measur-
ement, SSIM ) : Z5FAHALEE T 18 B SRR 5 H ]
BZ IR ARARL: , S5 A AR LR A9 Can=Xi(14) Fiw

SSIM = (2# ,u,+C1)(2cr +CQ) (14)

(,u +,u +C)+ ((r +cr’ +C,)

A e, A0 « Ay BEENE 0, 0, 2R R RS
x Fly WIARIEZE s, WIEUR « Ay BYBRIT 225C, F G,
S i, TR IEBRECH 050 MR Bl y A
L 5% SSIM [ {EAT 0 AT 1 ZZ[A], SSIM i /R &
BRI 25 AR .
3.3 KERMEMAESLE

ASCWRFB X 34 31 ASIKFE)E (B Y
FOJREN 39 2). T CCFIL TV kLK 3D-
TV SRR U EE ) 8 4~ 2D EIT BHG Y A wn &l
5 iR 18 5 i AR A 0 — AR 2 [0, 112 1], JF
TR H HEHR B RE {8

HA{A CG 3D-TV
@ UD Q * O
0.6254  0.583 1 04671 [J10
@ D ®
. < 0.9
0.5315 0.1372 0.273 4
0.8
@ @ O ©®
0.5127  0.388 1 02856 ||
P2\
: ' ® ®
0.483 2 0.3755 02771 |05
. o D
' v 0.4
0.5034 04521 0.264 1
L » » O"

v @

0.7115

6]

0.451 4

o o
[9%) N
[=)) ~
= wn
(98] (38

o
[S)
N
=)
'S

[=]
[
>3
Nl
—

- @
0.528 1

T EEEME T I IEUE ) RE {H.
B 5 £/ 3MEREER 2D EIT FiERE &
Fig.5 2D EIT lung images reconstructed by

o K
)
)
=
(3]
o

(=]

.404 1

three algorithms

S WTLAE H, CG BE R TV Sk iy E g
B KA INATAE , 3D-TV Bk AE by LBREE T Al
GORBARCR AR KMEET; 5 CC M TV &
A, 3D-TV B3/ RE {f/N. B3R, 3D-TV
=RPRIUN e Yinn g s 08

T CG B/E TV Hk UK 3D-TV 5k SE X
KRR =4 d g, 4550 anE 6 s b TIREN



%55 ]

B, A MK = A e BT R T

- 63 -

T2, A SCER LT 3D EIT 8 g PR A s R Al o5
LINTTRID A

3D-TV

YT

Ele {ER3MELREER 3D EIT FERE &
Fig.6 3D EIT lung images reconstructed using
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Fig.11 3D EIT reconstruction of lungs of experimental rat
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