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Research on electrostatic tomography monitoring system based on FPGA

Xue Qian  Wang Yihu

(College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In the electrostatic monitoring technology for abrasive particles in lubricating oil, the amount of induced charge measured by
the sensor varies with the radial positions of the abrasive particles. The traditional electrostatic sensor is incapable of determining the
accurate position and number of the abrasive particles. For this reason, this article designs an electrostatic tomography (EST) high-
speed data collection system based on field programmable gate array (FPGA) and realizes 12-channel signal conditioning on the basis of
the electrostatic sensor array. The effectiveness and accuracy of the EST system are verified by monitoring the charged metal balls in
lubricating oil. The results show that the designed EST system can meet the practical measurement requirements and the experimental
results are close to the simulation results. The amount and positions of the charged balls in the lubricating oil can be estimated correctly,
and the imaging quality for charged balls in different positions is relatively good. The data collection rate reaches 10 MSPs, which
provides a reference for the further study of real-time nondestructive monitoring of abrasive particles in lubricating oil.
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Fig. 1 Composition of electrostatic tomography system
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Fig.2 Electrostatic sensor model and physical image
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Fig.3 Data acquisition system
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Fig. 4 Signal conditioning circuit
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Fig.6 Schematic diagram of data acquisition module design
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Fig.9 Comparison of simulation and measured data

trends with different charge numbers
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Table 1 Results of image reconstruction algorithm for a single charged particle
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Table 2 The result of image reconstruction algorithm with two charged particles
- - 5 BRI SR
UK A 94
AR AL b A Landweber 8.3 PDIPA & 3: Landweber 8.7 PDIPA B3k
(0.5,4)
(-4,-0.5) 3
/
(3,3)
(-3,3)
(1,4)
(3,3)
(0,0)
(1,-1)
(1.5,2.5)
(4.5,-0.5) o




5 8 3]

BT FPGA R JZ AT UG i I 2R SERT 7S -+ 59 -

=3

EATRMKHEGERELRSER

Table 3 The result of image reconstruction algorithm with three charged particles
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Table 4 SSIM of two image reconstruction algorithms

for a single charged particle
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Table 5 SSIM of two image reconstruction algorithms

for two charged particles
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Table 6 SSIM of two image reconstruction
algorithms for three charged particles
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Table 7 Correlation coefficients of two image

reconstruction algorithms for a single charged particle
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Table 8 Correlation coefficients of two image reconstruction

algorithms for two and three charged particles
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