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MEMS triaxial gyroscope calibration based on two-step correction method

Zou Zelan' ,Xu Tongxu',Xu Xiang’ ,Zhao Heming'

(1. School of Electronic and Information Engineering, Soochow University ,Suzhou 215006, China;
2. Automation college of Nanjing University of Technology ,Nanjing 210094, China)

Abstract: Aiming at the problem that the current three-axis gyroscope calibration relies on expensive turntable equipment or the
calibration parameters are incomplete, a method based on a two-step correction method is proposed. Firstly, the six-position method is
adopted to calibrate and compensate the 12-parameter model of the accelerometer, the scale factor of the triaxial gyroscope, and the static
bias of the three-axis gyroscope. Then, the non-orthogonal error model of the triaxial gyroscope is formulated for the system-level
calibration. The two-step correction method can quickly and accurately identify various errors without precision equipment, and obtain a
good calibration effect. Simulation experiments show that the average non-orthogonal error obtained by this algorithm is close to 1% , the
standard deviation is less than 0. 1% , the average scale factor error is less than 0. 14% , and the standard deviation is less than 0. 004% .
The actual experiment shows that in the attitude update results of 65 s pure inertial navigation, the pitch angle error and the roll angle
error of this calibration method can reach 0. 624° and 0. 67°.
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Fig. 1  Non-orthogonal relation diagram
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Fig.2 Calibration algorithm flow chart
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Table 1 Simulation truth parameter setting

o T/ (0T BN T FEIESCHZE/ (°)
x 0.5 0.993 91 -0.45;0. 65
y 0.5 1.007 41 -0.45;0.65
z 0.5 1..005 89 -0.45;0.65
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Table 2 The relative error of calibration results %

AR 22
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0, -0.224 31 -0. 140 78
0, -121.941 0 48.119 08
0,. -45.289 3 ~56. 438 60
0, -67.0459 52.559 40
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6., -74.619 7 40. 068 18
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Fig.4 Repeatability experiment result
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Table 3 Statistics of repeated experiments

e AR X b SCHR G
ZH Byfi bR Byfi PR
kyy -0.001 35 3.31x107° 0.003 183 0. 001 553
kyy -0.013 41 0. 000 526 0.01982  8.10x107°
ks 0. 009 595 0. 000 107 0. 025 948 0. 000 378
kyy —-0. 008 85 0. 000 185 0. 022 526 8.10x107°
ky -0.001 37 3.39%x107° -0. 005 87 0. 001 676
ks -0.008 37 0.001 019 0. 020 927 0. 000 137
ks -0.021 4 0. 000 43 0.016 262 0. 000 378
ks -0. 008 99 0. 001 062 0.021 611 0. 000 137
ks -0.001 37 3.72x107° -0. 002 69 0. 000 216
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Fig. 8 Non-orthogonal error state estimate
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