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Image Reconstruction of Electrical Capacitance Tomography Based on
Convolutional Neural Network and Finite Element Simulation

Abstract

Abstract: To address the issues related to the mixed hybrid telemetry, track and command(TT&C)
resource, including multiple attributes, large differences in preferences and scheduling conflicts when
resources are limited in joint scheduling, on the basis of the description method in the single system
TT&C network scheduling research, the characteristics of the hybrid TT&C task requirements are analyzed
and the standardized description of the hybrid TT&C resource scheduling task requirements is provided.
With the goal of maximizing the return value of TT&C scheduling, a hybrid resource joint scheduling
model is established. A solution strategy based on an improved genetic algorithm is proposed by
introducing the idea of infinitesimal method and applying an extended multiplexing method for the
available arc segments. The simulation results show that the proposed model and the corresponding
conflict resolution algorithm can effectively improve the mission satisfaction rate and scheduling
revenue.
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telemetry, track and command(TT&C), joint scheduling of hybrid TT&C resources, infinitesimal method,
scheduling revenue, mission satisfaction rate
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Image Reconstruction of Electrical Capacitance Tomography Based on Convolutional
Neural Network and Finite Element Simulation
Zhang Lifeng, Wang Huiren

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

Abstract: In order to resolve the nonlinear and ill-posed inverse problem of the image reconstruction of
electrical capacitance tomography (ECT), an image reconstruction algorithm based on one-dimensional
convolutional neural network (1D CNN) is presented. The nonlinear mapping relationship between the
independent measurement value of ECT system and the gray value of reconstructed image is established
by 1D CNN. Six typical flow regimes with random distribution are obtained by the finite element
simulation software and a 1D CNN is successfully trained. Simulation and static experiments are carried
out and the reconstructed images using linear back projection, Landweber iterative algorithm and 1D
CNN are compared. Experimental results show that the 1D CNN algorithm has good generalization
ability and the quality of reconstructed images by 1D CNN is obviously improved compared with the
other two algorithms.

Keywords: two-phase flow; electrical capacitance tomography; one-dimensional convolutional neural

network; image reconstruction; finite element simulation
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Fig. 1 Principle of electrical capacitance tomography system

ECT AGHUBIZE R T R A"

VIe(x, »)E(x,»)]=0 (1
X e(ny) WE N BEFEEDARE: E(uy) N
FL37 50 P 0 AT R A

X ST BB R e A S, TS

21 =81n Gy 2)
s ANE— RN AR E; SR
JERIBE: G NEGIKEEM M MIECT R4H
ML AR N P4 A A

ECT £ & 1F v /i Jlf i) /. 1F ) 48 2 J1 4
PR 5090 A RS B0 3 %A, T SRS Sk P HL A
Gy AT, TR SR E ARG TR () R A AR 30 ) 4R
R A, R EREGREE". H
T E RO N T BB A5 = E, BT LECT i 1]
AR b — AN A W, SR A R

2 ETIDCNNWECTREGER
7k

2.1 1D CNNZE ECT E1{& E 7 ¥ 3

EBRMEMEUFERAR. BRE. LR,
EEEE, USLGEHE . 8 &5 R RO 5
FFAE, ANWTERARRFAELERE,  SRHCAS A& SCRIRALE
OB A 5 2 S LR AR AE (1 43 28 ™ AR
5 ECT ARG KB EEHS R, RAI— 455 B0

http: // www.china-simulation.com

* 713 ¢

https://dc-china-simulation.researchcommons.org/journal/vol34/iss4/6
DOI: 10.16182/j.issn1004731x.joss.20-0849



Zhang and Wang: Image Reconstruction of Electrical Capacitance Tomography Based o

3455 4
2022 44 H

MBI T HEHERRZ MG g0, R
(1Y 190 25 25 A6 G P 2 s o

W"H

MEL WibZ1 &

it =

E2 Wit Z2
B2 Mgk aEhi

Fig. 2 Network structure
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Fig. 6 Reconstruction images
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Fig. 7 Test reconstruction results
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