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Electrical capacitance tomography sensor for
contactless material recognition

XU Xiaoli', GUO Xudong', ZHENG Wendong?, LIU Huaping’
(1. School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200082, China;
2. School of Electrical Engineering and Automation, Tianjin University of Technology, Tianjin 300384, China; 3. Department of
Computer Science and Technology, Tsinghua University, Beijing 100084, China)

Abstract: Electrical capacitance tomography (ECT), known for its rapid and nonintrusive characteristics, effectively
avoids the optical interference problem commonly encountered in material property identification based on optical ima-
ging technologies. However, conventional ECT sensor research has predominantly focused on solving the inverse prob-
lem, with limited emphasis on achieving noncontact, nonintrusive material identification through permittivity distribu-
tion analysis. To address this gap, this study introduces a planar ECT sensor designed for noncontact material recogni-
tion. A material prediction model based on Bayesian-LightGBM is developed, significantly enhancing the predictive
performance through Bayesian optimization algorithms. Experimental results demonstrate a high accuracy rate of
95.83% when in contact and 85.28% accuracy within a noncontact range of 20 mm from the sensor. This indicates that
robots can precisely acquire material information in the environment in a noncontact and nonintrusive manner, paving

the way for new possibilities in the application of robotics technology in complex environments.
Keywords: electrical capacitance tomography; planar capacitance sensor; sensor modeling; untouched recognition; ma-
terial recognition; classification algorithm; LightGBM; Bayesian optimization
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Table 2 Optimal hyperparameters based on Bayesian op-

timization of LightGBM models

i ‘ YT
SRR TS
Omm S5Smm 20mm
max_depth (3,10) 5.0 10.0 10.0
learning_rate (0.01,0.1) 0.1 0.1 0.1

num_leaves (20,50) 40.0 23.0 39.0
min_split_gain 0,1) 0.6 0.0 0.0
feature fraction (0.6,1) 1.0 1.0 1.0

bagging fraction (0.6,1) 0.8 0.6 0.6
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AL T 6 BRI 40 25 8%, 402825 1R I
3, 4 LightGBM 51 7 B 2544 S48 0 mm A1y
I HER R 95.83%, TEBE B AL JEEAY 5 mm 1 -F
PIUERG %N 89.44%, FEIH 545 )8R 20 mm 171
HER %R 85.28%

x3 DEER
Table 3 Classification results
HEE/mm  MEFR/%  FEHR%  BREZER%  FISE
0 95.83 95.87 96.11 0.9595
5 89.44 89.19 89.26 0.8906
20 85.28 85.49 85.32 0.8516
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Fig. 9 Confusion matrices of classification results
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Table4 Comparison of classifier result

FEB/mm KNN/% SVM/% RF/% LightGBM/%
0 92.50 93.89  93.89 95.83
5 75.56 82.78 82.50 89.44
20 74.72 8222  79.72 85.28
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