$20 % 124 KRN =ZE58BFEEFR Vol.22, No.12
2024 4 12 A Journal of Terahertz Science and Electronic Information Technology Dec., 2024

XEHRE: 2095-4980(2024)12-1383-05

E F Sigmoid SR E B ECT = 81 Z T &b 12
B W, EFNL

LTl K% 5 ERM 5 TRk, 107 L 110000)

W OE: RAENMAGECTIEGREZEZFAGAEEREEN LR, REFHEANTH
AmER, B, REEEEAEGERZN N EREEXREENER. B TECTHREEHKY
R, JRANRBRELIAHATHY, RREFORBEALREHEZRT A, P HERZEGME.
RAXEH - ETFSigmoid BN RBEFALE T %, WG EERERTH, T EREERTR
BEEERHGE, AAARGEZEANRE: BHZAEZASE)EM1K0.3825; HEMTIEE
(RE)F£1% 0.386 5; A% A% (CC)HE F0.060 8, WiE T b 7 £ ECT B4 &= 2 o th 4T ¥,

KW WAR; BHREZE; HRE; REETAIE; & & RN KEECD

FESZES: TNI11.73 XEFRARRD: A doi: 10.11805/TKYDA2023072

ECT sensitivity preprocessing based on Sigmoid function

ZHOU Guangming, WANG Yifan
(School of Information Science and Engineering, Shenyang University of Technology , Shenyang Liaoning 110000, China)

Abstract: Electrical Capacitance Tomography(ECT) image reconstruction algorithms utilize the
sensitivity matrix as prior knowledge to invert the distribution of media within the pipeline, hence, the
sensitivity matrix plays a crucial role in the quality of image reconstruction. Due to the soft—field
characteristics of ECT sensors, the sensitivity distribution within the field is not uniform, with significant
differences between the central and peripheral areas of the sensor, affecting the quality of the reconstructed
images. This paper proposes a sensitivity preprocessing method based on the Sigmoid function. Simulation
experimental results show that this method can significantly improve the uniformity of the sensitivity matrix
and greatly enhance the quality of the reconstructed images: the Image Spatial Error(ISE) is reduced by
0.3825; the Relative Error(RE) is reduced by 0.386 5; and the Correlation Coefficient(CC) is increased by
0.0608, validating the feasibility of this method in ECT image reconstruction.
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Tablel Reconstruction errors of different pretreatment methods

ISE RE CcC
unpreprocessed 04152 0.4799 09131
mean filter pretreatment 0.251 6 0.387 6 0.924 7
coefficient transformation method preprocessing 0.0420 0.1540 0.965 6
Sigmoid function method preprocessing 0.032 7 0.093 4 0.973 9
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Table2 Sensitivity homogeneity evaluation indexes for different pretreatment methods and sensitivity distribution of 1-5 plates

coefficient transformation ~ Sigmoid function method
unpreprocessed mean filter pretreatment . .
method preprocessing preprocessing

sensitivity profile

sensitivity homogeneity evaluation function value 4.1712 2473 1 0.700 1 0.069 4
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Table3 Reconstructed image
coefficient transformation Sigmoid function method
prototype unpreprocessed mean filter pretreatment . .
method preprocessing preprocessing

0CeC

4 &y

TEECT R4 rh ih T2 AR et AR BR, 3 A il i AT PR, S BRI E N RBUE A A1,
T i — 25 52 W At PR A oo o PR O o SR E AT TUAL B LA v OB Y B SO MR OCHE .t TR SR AR T
(BB 2 125 1 R HORE F0UAL B0 7 vk L B SRR A O e 0 SR B4R e R IR, AR SCHR I T — R RE T Sigmoid bR
RO R A% WAL TT Y, o A SR AR R A PRR E R 22 DL R RR T R AOR 3 AN TR 5 AT 5 Lo
Bro DFEERER, A SCER I HET Sigmoid pRETE T Ak PR AR A (Y 5 BORE AR I 76 R U S o0k | AR 22 A
Lo o A AR 5 TR X 0 T R 2 Ak ) AR R o DA R A T R AR B 7 vk o R T T Sigmoid e LAY 2R EURE AL B
7 10 T PR AR A 25 T AR AR b R AU B ST PR BOREGE o N, IR TSR RCBERE R I AL BE D7 3UHR R ECT 4
ROREATATHY . AR .

S ik

[1] JING Ningbo,LI Mingqiao,LIU Lang,et al. Visualization detection of solid-liquid two—phase flow in filling pipeline by electrical
capacitance tomography technology[J]. Computer Modeling in Engineering and Science, 2022,131(1):465-476. doi: 10.32604/
cmes.2022.018965.

[2] Thig5R8. 3T oot SR3IMERISA B 1 ECT R EEEWF 5T [1]. 13241, 2023,44(1):95-102. (MA Min,GUO Xin. Research on
ECT image reconstruction based on improved algorithm of SR3 model[J]. Acta Metrologica Sinica, 2023,44(1):95-102.) doi: 10.
3969/].issn.1000-1158.2023.01.14.

[3] WAJMAN R,BANASIAK R. Tunnel-based method of sensitivity matrix calculation for 3D-ECT imaging[J]. Sensor Review,
2014,34(3):273-283. doi:10.1108/SR-06-2013-692.

[4] WAJMAN R. The concept of 3D ECT system with increased border area sensitivity for crystallization processes diagnosis[J].
Sensor Review, 2021,41(1):35-45. doi:10.1108/SR-10-2019-0254.

[5] PARK J W,HA J M,SEUNG H M,et al. Thickness evaluation of Cr coating fuel rod using encircling ECT sensor[J]. Nuclear
Engineering and Technology, 2022,54(9):3272-3282. doi:10.1016/j.net.2022.03.035.

[6] K&, ECT RGufL AR Ik o B 45 28R [D]. W /R B2 /R HE TR 2%, 2020. (ZHANG Jinrong. Field division and
structural parameter optimization of ECT sensor[D]. Harbin,China:Harbin University of Science and Technology, 2020.)

(P45 1420 57)



