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Research on on-line compensation method for the measurement
error of silicon piezoresistive pressure sensor
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Abstract : The measurement accuracy of silicon piezoresistive pressure sensor is subject to the influence of temperature drift, nonlinear
error and etc. , existing measurement error numerical compensation methods have low real-time performance. A step-by-step different
frequency compensation method based on two element interpolation is proposed. The method is implemented as follows: firstly, the
cubic spline interpolation algorithm is used to interpolate the output voltage and working temperature of the sensor, and suppress
temperature drift; and then, Lagrange interpolation algorithm is used to interpolate the pressure and voltage piecewisely, and reduce
the nonlinear error; meanwhile, the frequency of the temperature interpolation is decreased to reduce the calculation burden in each
pressure interpolation period, and overcome the shortcoming that traditional interpolation compensation method calculates two variables
in one interpolation period and the calculation is time-consuming. Experiments on sensor calibration and error compensation were
conducted, the results verify that the compensation accuracy meets the error requirement of + 0. 05% FS in the temperature range of
0~60°C , and the data output rate of 1 kHz is achieved in the designed acquisition system; the experiment results indicate that the
proposed method can effectively improve the measurement accuracy of silicon piezoresistive pressure sensor, has good real time
performance and can realize error on-line compensation. The proposed method possesses a certain engineering value in the gas pressure
measurement in aeroengine tests.
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Fig.2 Schematic diagram of operation temperature
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On-line measurement error compensation process of silicon

Fig. 1

piezo-resistive pressure sensor
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Table 1 Calibration experiment data

Up/mV
v/ U, /V
-50 kPa 0 kPa 50 kPa 100 kPa 150 kPa 200 kPa 250 kPa 300 kPa 350 kPa 400 kPa 450 kPa 500 kPa 550 kPa 600 kPa 650 kPa 700 kPa 750 kPa
0 3.527 -6.825 0.065 6.965 13.84 20.715 27.589 34.46 41.329 48.196 55.063 61.928 68.79 75.651 82.51 89.367 96.222 103.077
10 3.667 -6.758 0.131 7.019 13.882 20.743 27.606 34.464 41.322 48.177 55.033 61.886 68.737 75.589 82.437 89.285 96.129 102.976
20 3.800 —-6.659 0.207 7.065 13.899 20.773 27.633 34.485 41.337 48.187 55.037 61.885 68.732 75.577 82.421 89.264 96.105 102.947
30 3.943 -6.682 0.192 7.066 13.921 20.778 27.632 34.485 41.338 48.188 55.039 61.888 68.736 75.583 82.429 89.273 96.117 102.96
40 4.066 -6.698 0.192 7.065 13.924 20.784 27.641 34.497 41.353 48.207 55.061 61.914 68.766 75.616 82.467 89.316 96.164 103.012
50 4.198 -6.693 0.176  7.052 13.913 20.775 27.641 34.503 41.364 48.225 55.086 61.945 68.804 75.661 82.518 89.374 96.23 103.086
60 4.331 -6.747 0.14 7.024 13.896 20.766 27.638 34.508 41.379 48.248 55.117 61.985 68.853 75.721 82.587 89.453 96.317 103.182
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Fig. 3 Error curve of the sensor before compensation
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Table 2 Calculation results of error compensation for non-interpolation points

P/kPa
T/°C
0 100 200 300 400 500 600 700
10 -0.002 99. 961 200. 031 300. 007 400. 008 500. 006 600. 007 699. 996
30 -0.054 99. 922 200. 016 300. 007 400. 005 500. 007 600. 005 699. 998
50 0. 050 100. 043 199. 997 300. 009 400. 002 500. 005 600. 005 700. 000
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Fig. 4  Error curve of the sensor after compensation
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