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A Novel Electrical Impedance Image Fusion Method
Based on Hybrid Measurement Pattern

LIU Lili, CHEN Xiaoyan, XIE Na, ZHANG Baojie, ZHANG Yuxiang, CHENG Zi’en

(College of Electronic Information and Automation, Tianjin University of Science and Technology, Tianjin 300222, China)

Abstract: The soft-field properties of electrical impedance imaging and the indefinability of its inverse problem solving will

cause artifacts in the image and produce the problem of low spatial resolution. For this issue, a novel electrical impedance
image method based on hybrid measurement pattern is proposed. In the 16-electrode electrical impedance data acquisition
system, the boundary voltage was measured according to the working mode of adjacent excitation and adjacent measurement,
and the total variation or Tikhonov regularization algorithm imaging was obtained. Then, 8 electrodes were selected, their
boundary voltages were measured, and the images were obtained by the same imaging algorithm. The two images were
weighted and fused, and the weight parameters were determined by the objective weighting method. At the same time, the
analytic hierarchy process subjective weighting method was used to transform the three image quality evaluation indexes of
relative error, correlation coefficient and structure similarity index measure into a comprehensive evaluation index F, which
was used to evaluate the image quality obtained by the method. The method was validated by taking bladder electrical
impedance imaging as an example. The results show that F value is increased by 4.78%-79.00% after the proposed method,
which indicates the effectiveness and feasibility of the proposed method. This paper provides a new method for improving

the quality of electrical impedance images.

Key words: electrical impedance tomography; hybrid measurement; image fusion; objective weighting; subjective
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Fig. 1 Measuring principle of hybrid measurement EIT system
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3 MEE Gz mf kR E). KOG,
Oy = (1_ W1) Oy T WOy 4)
Gy =W,0y, + (1_ W, )0-22i 5)

A oy o, RN 8 HAR TAERIA T HE
% b ROI X3 B S A XM S, 0y -
O, 73179 16 HAR TAERE T #) B K& ROI X
B SRS SN S%E, 6,. 6,00 E
A R R I E KA R ROI X o 3 2 A
SR B FE, w8 ROI XITBRE, w, N
T o XTI

13 FAENEMBESE



W AU A ERABUE MRS .+
M ALEA JZ K 4 H1ik (analytic hierarchy process,
AHP). “IIRHGE. FPRASIES . AHP L EH
W@ ST R IR R T 456 L X e WA AR E B iR
W e AT A e B0 B, A S W B T B AL
HE . WAL A AL &R R,
CRITIC(criteria importance through inter-criteria
correlation)y2: 55, 2 WA AN i 1) i 46 25040 2 1A] 1)
KAWEDE, HABGRKZEIM.

CRITIC 2 B0 10— Fh ik, e idid v 54
P 18] BRI 1 22 A 58 SR 045 B TR R I BB, &
BJCFE A [B) PR X L o B A A

AR CRITIC 0 5E 2 TR & I B AR Y
LB BT EHR Rl & T7 R AL E S 5w, W, . CRITIC
RS B AN RIFR AR ) ZE, W] DU b AL FE A
7 B h e bR A E )AL, B RCE AR, A
A EHE T3 A RFE PR AR, LIRS Fahn i E
LA & o BARERERT Loy =20 55—, 78 0~
1 Ja MW, Lol MmABKEsTEMn, R
w, =[0,0.1,0.2,...,0.9,1]#1 W, =[0,0.1,0.2,...,0.9,1],
PRALA 7 11X 11=121 AHFEAS, B 121 HIFAN ST &,
FIH CRITIC ¥4 BU AR 2 22 « FH O 22 BONI 45 44 AH DA
PEFRE 3 NMEFRIIAE . CRITIC 15D IR T B
B VAR G R X

Xy Xy
X=| : " (6)
X X

ml 4 mn

A m=121, n=3, X Jy 12153 HI4EFE.
N T BRI PR 4 B RS, 7 B %
Bbr i T E NI AL R, AbH SR R(T). 20(9).

KA HIHHAE Rl o, o whoeht R R HEC, .

()

g =JZ?L<XH_KJ_)Z

m-1
A X RORE NIRRT EE

THE P RVEZ A 2R AR A SRR RS R, it
FNA(8). 7B RNEFERE J5 w2t — ik S ph Rk
R. .

]

ARHMELEER

_ Z?,k:l(xij =X )(Xik _ik)
\/Z?—l(xﬁ —X] )2 Z:zl(xik — X )2

R

®)

R; Z_Zn:(l_ ) ©)
e 1 FORVPNFERR 1|4 Z [0 ) B ZRE A O R H

6 B & C R EM I RS C K,

BHIEE j DR TR RE R Fa AR 1A R AR
BR, R4 M B 2 AR DL,

C,=0;xR, (10)

o, RAEA(LL)THEAT H S AR K 2 WA

C
0] =5 1)
Z j:le

EIT w3 AN HTEHs T AR BRI 4 #r P
i, 23 BN ART R 2 (relative error, RE). 2% &3
(correlation coefficient, CC) fl £ ¥y 1 1Bl 1 F& %t
(structure similarity index measure, SSIM), 3 M &EFriE
Fl352 0~1, CC. SSIM Mz T 1 15 G o &
Bk, RE BT 0 WIS skt M .
lsom » re 77 BIEIR CCL SSIM FI RE 3 Mihs, =
BRI MNESHE N a - By, B CRITIC

EHERITERS G AN

G=ale+Plssm—7lge (12)

B0, fE0~17EE A, LL0.01 K,
Hl: w, =[0,0.01,...,0.99,1]F1 W, =[0,0.01,...,0.99,1],
PR ZHA 774 101X 101=10201 ZH&HE, HEHEG
i, MAEE G EECRR W, R w, 45 1F %
Rl B B W W o

1.4 AHP Z&IENIEHR

SSIM. CC. RE M 3 MAN[A] A FEXT iidg ot & 3
ATV, B DAOGE I 3 iR — AN B AN TR broxt G
TV HA G . R JOX — @, A SCRAH FEW
TREHT 2 ) AHP 3200 3 ANMEFRHETIRAL, #id 2%
Hiats F TN S0 & .

RE. CC #1 SSIM Fa#5 4% 3k X 2(13)—




2025 HEHEE, . 390 ¢ I A o i PR B T 1R 45 75 *5¢

A (15)2IFR .
_ ” O — Oy ”2

RE
” O-real ”2

(13)

2:1(0 O-)(O-real U) (14)
o) T (n )

4G+, *COV(5, Treyy )

real

(67 +5e’ Jo(var’ (o) +var (o, )

Rt o flo Al r Eik b G RIUIHE, o,
G o S HIFR B SEAHIE, Cov (5,5 )
7 T Al v 5 RN PO P 5 R (0 W 2 K
var’ (o) % 7% & # H§ % 7 % F J7 i 5 1
Var? (6, ) FRE 9 G727 S

AHP AL 55, MU & 50 44 46 b o
e B (S ST, 0 R ) KA
5 A, AR @, @ PSS RAE
SRR MR . A AR A B, IR
R (16). A7) B Bk e, If
TSR, 7E SIS ANT 01 B, W
AHP L4 P, 0T H 2 AL 4

Iy =(Amex —N)/(n—1) (16)

(15)

ISSIM =

ler =1/ g ()

e A AFUBTRE R R B R, n D IR
Izjl\ﬁ7 ICI ﬁ*ﬁ[‘@?’é‘*ﬁ, ICR —‘iﬁ‘l‘i Hﬁ@) IRI EB
SERIREHL— B BUE R (R D)3 .

x1 FHREN—HMEEESR

Tab.1 Table of average random consistency values

n Iri n Iri

1 0 5 1.12
2 0 6 1.26
3 0.52 7 1.36
4 0.89 8 141

1 1 1

F1=§|CC+§ISSIM_§IRE (18)
AL JE 13 B2 G PR AR R F 3845 8
1 1 1
FZEICC"'EISSH\A _EIRE (19)

G, =0, At l,=0, &
—H A

2 FHRE57R

21 AESW

7 COMSOL Multiphysics 6.0 &4t CT &
BRI s AR I C 58, E R ER T 0 AT 16 /N H
W, Wl 3 Pros, MRM R NERER. @57 8 M
M(1. 3. 5. 8. 9. 10. 13 F1 15 S H &)1 16
(1—16 FHR) MM TR PESIE EIT R4,
BN 4.5 mA B ZAT R, SR AR AR BRI AR &1 & 1)
7 AT E S . 8 AR TAERIHFR A P8, 16
B TAERE R AR N P16, TRA T/EB A MR A
HP(hybrid pattern).

& 3 ZAEFIEERt AV ERIREY

Fig. 3 Contour model of pelvic cavity and bladder
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Tab. 2 F-index results of simulation experiments under TV
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Fig. 4 Imaging results of simulation experiments under TV
algorithm
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Tab. 4 F-index results of physical experiments under TV
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Fig. 5 Imaging results of simulation experiments under TR
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Fig. 6 Imaging results of physical experiments under TV
algorithm
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Fig. 7 Imaging results of physical experiments under TR
algorithm
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