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Abstract

To solve the problem that capacitive tactile sensors are susceptible to parasitic capacitance from cables
and environment when detecting minute dynamic capacitance at the picofarad to femtofarad level,
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making it difficult to capture signals with high precision, a high-resolution micro-capacitance detection
system based on the FDC2214 capacitance-to-digital conversion chip is designed. The system adopts
the LC resonance principle to directly convert minute capacitance changes into digital signals to sup-
press broadband noise. Meanwhile, a static baseline difference calibration algorithm and a sliding av-
erage filtering mechanism are introduced in the software layer to eliminate the inherent parasitic bias
of the system and high-frequency transient interference. Experimental tests show that within the range
of 0.1 to 7.5 pF, the measurement indication fluctuation of the system is stabilized within 0.004 pF, re-
alizing high-precision signal extraction for flexible capacitive arrays.
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Figure 1. Structure diagram of capacitive flexible tactile sensor
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Figure 2. Overall architecture of the capacitance detection system and array scanning circuit
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Figure 3. Sensor unit signal acquisition diagram
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Figure 4. Architecture diagram of CAV444 capacitor voltage conversion circuit
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Figure 5. Functional diagram and measurement unit connection of FDC2214
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Table 1. Measured data of key parameters of the micro-capacitance sensor unit circuit module
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Figure 9. Performance testing and ablation experiment results of the flexible capacitive array acquisition system, with an array

scan period of 100 ms, a total of 300 frames collected, and an overall observation duration of 30 s
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