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Image reconstruction for electrical capacitance tomography based on adaptive
simulated annealing and LM joint inversion algorithm

Zhang Lifeng, Zhang Menghan

( Department of Automation, North China Electric Power University, Baoding 071003, China)

Abstract : To solve the nonlinear and ill-conditioned problem of image reconstruction in the electrical capacitance tomography (ECT) , an
adaptive simulated annealing-Levenberg Marquardt ( ASA-LM ) joint inversion algorithm is proposed. The new solution generation
strategy , energy function definition and annealing strategy of the standard simulated annealing (SA) algorithm are improved. The direct
local search method of LM is combined to jointly invert the ECT image reconstruction problem. Meanwhile, the Savitzky-Golay (SG)
filter is used to smooth the capacitance data required for ECT image reconstruction to enhance its signal-to-noise ratio. Finally,
simulation and static experiments are carried out and compared with linear back projection (LBP) , Landweber iteration and standard SA
algorithms. Comparison experiment results show that the ASA-LM algorithm has advantages of high reconstruction image accuracy and
fast convergence speed. The image reconstruction quality is significantly improved, and the edge information fidelity is high. The average
relative error of the reconstructed image is 0. 331 1, and the average correlation coefficient is 0. 933 1.

Keywords : electrical capacitance tomography; image reconstruction; ASA-LM joint inversion algorithm; Savitzky-Golay filter
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Fig. 1 Diagram of the electrical capacitance tomography system
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Fig. 2 Flow chart of the standard SA algorithm
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Fig.4 Diagram of pipeline subdivision unit
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Fig.5 Image reconstruction results
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Table 1 Image relative error

SRR LBP Landweber SA ASA-LM
a 0.9537 0.643 1 0.457 5 0.245 4
b 0.927 0 0.625 8 0.580 8 0.396 4
c 0.903 9 0.654 0 0.543 1 0.497 9
d 0.971 0 0.593 7 0.339 1 0.3192
e 0.926 2 0.743 9 0.486 0 0.426 2
f 0.875 4 0.874 8 0.216 4 0.295 1
g 0.209 0 0.1450 1.274 7 0.137 8
F2 BEGBEXRHY
Table 2 Image correlation coefficient
I3 AR LBP Landweber SA ASA-LM
a 0.389 6 0.768 0 0.972'5 0.974 4
b 0.493 6 0.760 0 0.889 1 0.9115
c 0.504 2 0.733 1 0.828 1 0.904 3
d 0.185 4 0.796 6 0.9457 0.957 9
e 0. 400 2 0. 666 7 0.8825 0.89%4 1
f 0.478 4 0.644 7 0.924 2 0.949 8
g 0.843 9 0.936 7 0.477 4 0.939 4
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Fig.7 Static experiment reconstruction images

Landweber SA ASA-LM

=N

B 7 o EAR A 10 mm B SRR AR DL R AR A
AL a b B e N 30 mm, BJF 2 mm AYZS.0 PC
SRR PR AL WAL d

M 7 ATLAE Y LBP 5k UG SSUR B 22, WHse & 1
4 PRSI AR AE B A5 U HRE AR ¢, 24 5 X3
FAAEZAYURET , LBP 537 g KHR Wy 4 2 [1) 1 3 ™ o
Kii% . Landweber 5072 K13 0 A ROCR B LBP 047 Jir 4
Th, Tethi TORGE , MUEORS RERGR | (EAS T I R ASE 2 A e
Alab M e WMARRIR/IMFTEDR 22, Btk SA B X H0AR
PSR LA A e R BLAGORG B2 AELX T PR A AL s 7Y 2
ELH T ASA-LM SR G e IR 1K SER R, BEA AL
R /L% N i =S ESE AL Y/ NS AN G DA e s U I



234 U # L £

e Fa2k

TR A, M Z T, ASA-LM BX A S 8 B vk d
PG e SR 53 A

15 B RS S IR S R W) T2 07 TR WA RO AR Sl
FZIr X ECT MRS At 4T 1 05T, i v BELZ A 1A%
(electrical resistance tomography, ERT) K& E#HYS ECT
ARl o J T A LM A Il R ot A D i R AT 3E T
ERT FU§H

4 &£ &

R SCHRE M — BT R A ASA-LM B & ST B IR T
ECT MR E AR H ASA #9422 58 KI5 HE A LM Y 1
FE SRR BRI EIATA G R RIS SR A
RIS, R T SG -2 8 5 1 B D s s pry e s ik 5
TR 9230 30 0F 5 7%, ASA-LM 1K & S 768 0 0% BE 42 19
ASA T UGS 2 s D0 A SCOR B LML 332 A S JE £
SE B AL Py A e At PRGOS B, 0 TR A /N A
FEAREIREMERA 1R, B BA — & RIPUEPERE  IZ 55 A
ECT AR B8 A RS L T —Fh o i o 012
S 3K
[1] HUYH, ZHOU Y G, WANG Y F. Three-dimensional
electrical capacitance tomography reconstruction by the
landweber iterative algorithm with fuzzy thresholding[ J 7.
Measurement Science & Technology, 2014, 8 (6):
487-496.

SRALWE, AR, B TR R B B AR A
JEHTRAR E R E A ], TH A, 2019, 40(4)
631-635.

ZHANG L F, SONG Y J. Image reconstruction of
electrical capacitance tomography based on gradient
projection sparse reconstruction algorithm [ J ]. Acta
Metrologica Sinica, 2019, 40(4) :631-635.

WAz, ml, A6, % — R =4k ECT f&%
e R E R IE ], IERGR A, 2014,
35(5) :961-968.

CHEN D Y, GAO M, SONG L, et al. Novel 3D ECT
sensor and its 3D image reconstruction method [ J].
Chinese Journal of Scientific Instrument, 2014, 35(5) .
961-968.

hig, FAANE, B, R TEIRRAS 1 ECT KI5 H i
BRI AL F4, 2015, 36(12) :2798-2803.
MA M, WANG B B, XUE Q. ECT image reconstruction
algorithm based on data fusion [ J]. Chinese Journal of
Scientific Instrument, 2015, 36(12) :2798-2803.
TRAZIEE AR AR, MR > HLAE B A JE A R b B4 N
FILI]. mISER, 2020, 57(9) :146-152.

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

ZHANG L F, ZHU Y F. Application of extreme learning
machine in electrical capacitance tomography [ J ].
2020,

Electrical Measurement and Instrumentation,

57(9) :146-152.

g, wHL, FEIESE. BE T ENMERY ECT K& &
HJ]. RGNFEEHM, 2017, 29(8) :1851-1853.

MA M, GUO Q, YAN CH Q. ECT image reconstruction
algorithm based on generalized regularization[ J]. Journal
of System Simulation, 2017, 29(8) :1851-1853.
wRLEL (A, Bk AE, 4. EMT T & B S5 R g A%
HARGTEMTE[T]. BT 5 A, 2020,
34(1) .186-192.

ZENG X X, HE M, ZHANG ], et al. The simulation
research of EMT used in the reconstruction of crack
images in metal structures [ J]. Journal of Electronic
Measurement and Instrumentation, 2020,34(1) :186-192.
WANG CH, GUO Q, WANG H, et al. ECT image

reconstruction based on alternating direction approximate

Newton algorithm [ J ]. IEEE Transactions on
Instrumentation and Measurement. 2020, 69 (7 ):
1127-1132.

B T AlexNet 5 B 22 00 46 f) HL 28 J2 M7 R —
REPMREAE[ D], MR/RIE M /RIERE TR, 2020.
WANG L. Three-dimensional image reconstruction of
electrical capacitance tomography based on AlexNet
convolutional neural network [ D ]. Harbin; Harbin
University of Science and Technology, 2020.
ORTIZ-ALEMAN C, MARTIN R. Inversion of electrical
capacitance tomography data by simulated annealing:
Application to real two-phase gas-oil flow imaging[J]. Flow
Measurement and Instrumentation, 2005, 16(2) :157-162.
ORTIZ-ALEMAN C, MARTIN R, GAMIO ] C.
Reconstruction of permittivity images from capacitance
tomography  data by simulated

using very fast

annealing[ J]. Measurement Science & Technology,
2004, 15(7) :1382-1390.

[, AL, SRR, W R /N L A R
WAZAYHI[T]. TR SR, 2017, 31(12) .
1984-1990.

MA W B, SUN Y SH, ZENG ZH M. Electrical

capacitance tomography analysis of lubricating oil wear
particles [ J ]. Journal of Electronic Measurement and
Instrumentation, 2017, 31(12) :1984-1990.

MR, Bodt, MR T8 RBP4 1 00 e 45
JENTRUG EAERE[T]. REEFM, 2019,31(5)
820-821.



512 3

AL A5 LT IS AR PUE KB LM IS S B 19 ECT IR Ak 235

[15]

[17]

[19]

CHEN Y, XIA Z J, ZHOU Y ]J. Modified sparse Quasi-
Newton algorithm for electrical capacitance tomography
system[ J|. Journal of System Simulation, 2019, 31(5) :
820-821.

ZUO B, CHENG Y S, ZHANG Z H. Degradation
prediction model for proton exchange membrane fuel cells
based on long short-term memory neural network and
Savitzky-Golay filter [ J ].
Hydrogen Energy, 2021, 46(29) :15928-15937.

skqz, A%, M1k, Savitzky-Golay UE I 5 R 5(E
OSSR SR RS WOk ()], MU
i, 2017(3) :192-196.

ZHANG B, ZHOU L F, YANG T. Rolling bearing fault

International Journal of

diagnosis method combining Savitzky-Golay filtering and
local mean decomposition [ J ]. Machinery Design and
Manufacturing, 2017(3) :192-196.

YANM F, HU H S, HU G, et al. Development of a
novel reconstruction method for two-phase flow CT with
improved simulated annealing algorithm [ J ]. Nuclear
Engineering and Technology, 2021, 53(4) ;1304-1310.
AL-QUTAMI T A, ROSDIAZLI I, ISMAIL I, et al.
Virtual multiphase flow metering using diverse neural
network ensemble and adaptive simulated annealing[ J].
Expert Systems with Applications, 2018, 93.72-85.
WANG P, LIN S, WANG M. An image reconstruction
algorithm for electrical capacitance tomography based on
simulated annealing particle swarm optimization [ J ].
Journal of Applied Research and Technology, 2015,
13(2) :197-204.

VEDIK B, CHANDEL A K. Optimal PMU placement for
power system observability using Taguchi binary bat

algorithm[ J ]. Measurement. 2017 ,95 ;8- 20.

[20] ZAHRI, EH. ZLIRME RS LM & EIT B{R &
). RER¥%¥M (AR %5 TRERR),
2016, 49(5) :506-512.

QIN W G, WANG CH. EIT image reconstruction of

breast tumor with homotopy LM algorithm[ J]. Journal of

Tianjin University ( Natural Science and Engineering

Technology Edition) , 2016, 49(5) :506-512.
EEE T

BT UE GEFEH ) ,2001 4F FAdth
TIR AT 7 2, o3 5T 2004 4F A
2010 4T RER AP ARAFI A S 2, )
AL ) R R, RS T 0 £
AU S Bk K v 25 R AT R B AR
E-mail; lifeng. zhang@ ncepu. edu. cn

Zhang Lifeng ( Corresponding author) received his B. Sc.
degree from North China Electric Power University in 2001, and
received his M.Sc. and Ph.D. degrees both from Tianjin
University in 2004 and 2010, respectively. He is currently an
associate professor at North China Electric Power University. His
current research interests include multi-phase flow measurement
and electrical tomography.

SR, 2019 4E T HIJL NG R = 3ieAs -
BRI DA\ K | A i N Y U R e e
BEWESETT 1) o 22 A
E-mail ; 2192216112@ ncepu. edu. cn

—_—
-

=

Zhang Menghan received her B. Sc. degree
from Hubei Normal University in 2019. She is currently a master
student at North China Electric Power University. Her current

research interest is multi-phase flow measurement.



