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Design of Capacitance Micro-Displacement Measurement System
Based on STM32 Microcontroller

LIU Yuliang, YE Yangyang, SUN Weiyi, WANG Yongbin, CHEN lJianliang, YANG Weiming
(College of Electronic Information and Automation, Tianjin University of Science & Technology, Tianjin 300222, China)

Abstract: In this article, a capacitive micro-displacement measurement system is constructed based on STM32 microcon-
troller, which is composed of capacitance sensor, data acquisition circuit and master control system. Based on the theoretical
model, the capacitance gradient of the cylindrical capacitive displacement sensor is analyzed and calculated, and the capaci-
tive displacement sensor probe of the key component of the system is designed with variable area. The theoretical numerical
relationship between the displacement and capacitance gradient is calibrated by experiments through precise measurement of
capacitance gradient and displacement. The experimental data have proved the feasibility of the design and measurement
scheme of capacitive sensor probe with variable area. Under the current capacitive sensor condition, the measuring system
has a range of 4.6 mm and an accuracy of 10 pm, with large measuring range and high accuracy.
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Fig. 1 Diagram of system framework
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Fig. 2 Diagram of capacitance measurement and conversion circuit
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Fig.4 Schematic diagram of measuring principle
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Fig. 5 Probe output characteristic curve
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Tab.1 Partial data of pre-interval of precision experiment

x/mm C,/pF ClpF
1 2 3 4 5 6 7 8 9 10

3.00 0.131 0.130 0.133 0.132 0.133 0.132 0.130 0.132 0.130 0.132 0.130
3.01 0.142 0.142 0.142 0.141 0.143 0.141 0.144 0.142 0.143 0.143 0.142
3.02 0.149 0.150 0.149 0.149 0.150 0.148 0.149 0.150 0.150 0.148 0.150
3.03 0.159 0.158 0.159 0.159 0.157 0.159 0.159 0.158 0.159 0.160 0.160
3.04 0.167 0.168 0.167 0.166 0.168 0.166 0.165 0.167 0.166 0.166 0.167
3.05 0.175 0.176 0.175 0.176 0.176 0.176 0.175 0.174 0.175 0.175 0.175
3.06 0.184 0.184 0.185 0.184 0.183 0.185 0.183 0.184 0.184 0.184 0.184
3.07 0.193 0.194 0.194 0.191 0.193 0.192 0.192 0.193 0.191 0.193 0.193
3.08 0.202 0.201 0.202 0.200 0.202 0.202 0.203 0.202 0.204 0.202 0.201
3.09 0.211 0.212 0.211 0.210 0.212 0.211 0.212 0.210 0.212 0.211 0.211
3.10 0.220 0.219 0.220 0.220 0.219 0.219 0.220 0.220 0.220 0.218 0.221
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Tab. 2 Partial data of post-interval of precision experiment

C/IpF
x/mm C./pF
1 2 3 4 5 6 7 8 9 10
5.00 3.366 3.367 3.365 3.367 3.364 3.365 3.367 3.366 3.365 3.366 3.366
5.01 3.376 3.378 3.375 3.376 3.376 3.377 3.376 3.377 3.376 3.375 3.376
5.02 3.386 3.387 3.386 3.385 3.386 3.387 3.386 3.387 3.386 3.385 3.386
5.03 3.397 3.397 3.398 3.399 3.396 3.397 3.396 3.397 3.397 3.397 3.398
5.04 3.407 3.406 3.407 3.408 3.407 3.405 3.405 3.406 3.407 3.410 3.408
5.05 3.416 3413 3.415 3417 3416 3.418 3415 3417 3416 3.417 3.415
5.06 3.428 3.425 3.427 3.428 3.427 3.428 3.429 3.428 3.427 3.429 3.427
5.07 3.437 3.437 3.438 3435 3.436 3.435 3.435 3.438 3.437 3.438 3.437
5.08 3.448 3.448 3.447 3.449 3.448 3.449 3.450 3.447 3.448 3.449 3.448
5.09 3.459 3.459 3.460 3.461 3.459 3.458 3.459 3.458 3.459 3.457 3.459
5.10 3.470 3.470 3.471 3.468 3.467 3.469 3.470 3.472 3471 3.470 3.470
0.35 3.60
y=0.468 1 x’~3.828 x*+11.17 x-11.56 y=5.734x"-87.7 x’+446 x-757.7
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Fig. 10 Fitting curve of precision experiment
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Tab.3 Partial data of capacitance-displacement experiment test

x/mm C,/pF ClpF
1 2 3 4 5 6 7 8 9 10

0.00 0.196 0.196 0.194 0.195 0.195 0.196 0.197 0.195 0.196 0.196 0.195
0.10 0.292 0.291 0.293 0.292 0.294 0.292 0.291 0.292 0.290 0.293 0.291
0.20 0.388 0.390 0.389 0.388 0.390 0.389 0.388 0.386 0.387 0.387 0.388
0.30 0.487 0.486 0.487 0.487 0.486 0.488 0.485 0.487 0.487 0.485 0.487
0.40 0.587 0.588 0.586 0.586 0.588 0.587 0.588 0.589 0.586 0.588 0.586
0.50 0.694 0.694 0.695 0.694 0.695 0.694 0.693 0.693 0.692 0.695 0.694
0.60 0.810 0.809 0.810 0.809 0.810 0.810 0.810 0.810 0.807 0.808 0.811
0.70 0.919 0.920 0.919 0.919 0.918 0.921 0.918 0.920 0.919 0.918 0.918
0.80 1.024 1.025 1.022 1.025 1.025 1.025 1.024 1.026 1.024 1.022 1.024
0.90 1.124 1.126 1.125 1.124 1.125 1.125 1.123 1.125 1.124 1.122 1.124
1.00 1.231 1.232 1.232 1.231 1.230 1.233 1.230 1.230 1.229 1.230 1.230
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