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Research on interpolation compensation method for
temperature error of piezo-resistive pressure sensor

He Honglin Xu Jiahao Zhou Zhanhong Hu Dongming Li Ji

(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: In order to reduce the adverse effect of environmental temperature change on the reliable measurement of piezoresistive
pressure sensor, a compensation method combining cubic spline interpolation and Hermite interpolation is proposed in this paper.
Firstly, the calibration data are obtained through the calibration experiment, and the cubic spline interpolation is used to establish the
functional relationship between the ambient temperature and the output voltage of the sensor and the pressure to be measured to
compensate the temperature error of the sensor. Then the Hermite interpolation is used to construct the mapping relationship between the
output voltage and the pressure to be measured to describe the measurement characteristics of the sensor. The results of temperature
compensation experiment under two different working conditions show that the maximum qualified error are 2. 414x10™* and 6. 129x107*
respectively, the average qualified error are 2. 353x 107> and 1. 313x10™* respectively, and the variance of qualified error are 1.751x
107 and 1. 613x 107 respectively, zero temperature coefficients are 2. 780x 107 and 8. 862x 107, sensitivity temperature coefficients
are 1.952x107% and 3. 672x 107, which verifies the consistent effectiveness of the compensation performance under different modeling
data conditions.
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Fig. 1 Interpolation compensation method for temperature error of pressure sensor
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Fig.2 Pressure sensor calibration system

377 H (T bR B O AR A AR 196 2 SRS 3R 15 2 (3%5) Al A E O e RO 4, A 258
b B F I IE 4 . bRE T80 2, BA-40 °C .20 C A1 dbnE St siir 4 . a5 B s 2 1 (i flis
80 C ML T, -40,-20.,0.,20 F1 40 kPa M JIbrE  FNGEEACEEAE RE i S AL 3L, TAMAR LA 2 T AL,
1 IREHE
Table 1 Calibration data
HAJES i il 77 P'/kPa
P/kPa -40°C -30C -20C -10<C 0 10 C 20 C 30 C 40 C 50 C 60 °C 70 °C 80 C
-40.000 -46.722 -45.396 -44.160 -42.992 -41.888 -40.811 -40.000 -38.844 -37.951 -37.092 -36.279 -35.503 -34.753
-36.000 -42.145 -40.943 -39.824 -38.766 -37.764 -36.789 -36.000 -35.008 -34.200 -33.423 -32.688 -31.987 -31.307
-32.000 -37.556 -36.479 -35.476 -34.528 -33.630 -32.756 -32.000 -31.161 -30.436 -29.742 -29.085 -28.458 -27.850
-28.000 -32.957 -32.004 -31.117 -30.279 -29.485 -28.712 -28.000 -27.302 -26.663 -26.050 -25.471 -24.918 -24.382
-24.000 -28.349 -27.518 -26.749 -26.020 -25.330 -24.658 -24.000 -23.433 -22.879 -22.348 -21.846 -21.368 -20.903
-20.000 -23.730 -23.024 -22.370 -21.750 -21.164 -20.592 -20.000 -19.553 -19.083 -18.635 -18.211 -17.807 -17.414
-16.000 -19.106 -18.523 -17.986 —17.475 -16.991 -16.521 -16.000 -15.666 -15.281 -14.915 -14.568 -14.238 -13.916
-12.000 -14.474 -14.014 -13.592 -13.190 -12.810 —12.440 -12.000 -11.770 -11.469 -11.186 -10.917 -10.660 -10.410
-8. 000 -9.834 -9.498 -9.192 -8.897 -8.621 -8.352 -8.000 -7.866 -7.651 -7.448 -7.256 -7.074 -6.896
-4. 000 =5.179 -4.966 -4.773 -4.589 -4.416 -4.248 -4.000 -3.946 -3.816 -3.695 -3.581 -3.472 -3.367
0 -0.541 -0.450 -0.371 -0.295 -0.225 -0.158 0 -0.039 0. 008 0. 047 0. 084 0.119 0. 153
4. 000 4. 100 4. 069 4.033 4. 001 3.969 3.936 4. 000 3.872 3.834 3.793 3.753 3.714 3.678
8. 000 .770 8.616 . 463 8.323 8. 190 8. 058 8. 000 7.809 7. 687 7.565 7. 447 7.334 7.227
12. 000 13.429 13.154 12.886 12.638 12.403 12.171 12.000 11.740 11.534 11.331 11.137 10.949 10.771
16. 000 18.088 17.692 17.311 16.956 16.620 16.288 16.000 15.674 15.384 15.100 14.829 14.568 14.320
20. 000 22.746  22.229 21.734 21.272 20.834 20.403 20.000 19.607 19.234 18.870 18.522 18.188 17.869
24. 000 27.405 26.766 26.159 25.590 25.051 24.520 24.000 23.544 23.087 22.642 22.219 21.811 21.421
28. 000 32.060 31.302 30.582 29.907 29.267 28.638 28.000 27.480 26.940 26.416 25.916 25.435 24.975
32. 000 36.713  35.835 35.002 34.222 33.481 32.754 32.000 31.416 30.793 30.189 29.613 29.060 28.530
36. 000 41.362 40.364 39.420 38.534 37.694 36.868 36.000 35.351 34.645 33.962 33.310 32.685 32.084
40. 000 45.950 44.889 43.834 42.843 41.903 40.980 40.000 39.284 38.496 37.733 37.006 36.308 35.638
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Fig. 4 Temperature error of differential pressure sensor
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Table 2 Temperature compensation results ( Calibration condition 1)

ﬁfg%b{%ﬁ/f E,(max) E (mean) E (var) a,/C a/C
Polyfit' 2! 3.336x107° 8.250x107* 3.714x1077 6.068x107° 1.194x107°
Polyfit_Lagrange! ') 7.335%107* 1.613x107* 2.628x107 6.123x1077 2.458x107°
Polyfit_Spline' '+’ 3.791x107* 9.645x107° 5.167x107° 9.860x1077 4.505%107°
Spline_Lagrange! '’ 3.360x107* 3.295x107° 2.130%107° 2.782x1077 2.744%107°
Spline _ Hermite 2.414x107* 2.353x10°° 1.751x107° 2.780x1077 1.952x10°°
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Fig. 5 Temperature compensation results ( calibration condition 1)
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Table 3 Temperature compensation results ( Calibration condition 2)

TR AME T e E,(max) E,(mean) E, (var) a,/C a,/C
Polyfit 1% 3.072 4x10°° 8.820 6x107* 4.288 4x107 6.091x10°° 3.575%107°
Polyfit_Lagrange! ') 7.163 6x107* 1.950 9x107* 2.862 9x1078 8.038x107’ 3.723%107°
Polyfit_Spline'*’ 7.8523x107* 1.622 5x107* 2.209 0x107 3.386x107° 3.388x107°
Spline_Lagrange''*] 7.845 1x107* 2.359 6x107* 3.259 4x107 8.897x1077 4.761x107°
Spline _ Hermite 6.128 5x107* 1.312 9x107* 1.613 4x1078 8.862x1077 3.672x107°
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Fig. 6 Temperature compensation results ( calibration condition 2)
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