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Developed One Step Procedure of Calibration for
MEMS IMU with Vehicle Applications
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The Inertial Measuring Unit (IMU) has been used in many applications in our life. However, the accuracy of IMU
limited where they can be used. The Micro Electro Mechanical Systems (MEMS) IMU is low cost but also low
accuracy. The common ways to improve the accuracy of IMU are calibration and Allan Variance. The calibration
can determine the systematic errors like bias, scale factor and non-orthogonality from accelerometers and gyros. The
Allan variance can analyze the random errors include Angle Random walk (ARW), Velocity Random walk (VRW)
and so on. The results of Allan variance can determine the parameters of those random errors with Power Spectral
Density (PSD). There are only few researches about calibration and error analysis in Taiwan. The Taiwanese civil
users have no ability to test and correct the IMU used in Mobile Mapping System (MMS) and other applications
when some problems happened. The MEMS IMU we used didn’t do any error compensations and usually used
in smartphone. The purpose is to develop one step calibration scheme and also the analysis of Allan variance for
MEMS IMU. The field tests are used to verify the performance of IMU after calibration.
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K2 AEBREAHOBEER -
X Y Z
Bias (m/s%) 0.006 0.006 0.006
Standard deviation 7.0438 x 10°° 7.0867 x 10°° 7.0851 x 107°
Accelerometer
Scale Factor (ppm) 19700 19700 19700
Standard deviation 0.72021 0.72186 0.71974
Bias (rad/s) 0.0837 0.0837 0.0837
Gyro Standard deviation 7.0578 x 10°° 7.0899 x 10°° 7.0528 x 107°°
Scale Factor (ppm) 1476300 1477200 1476600
Standard deviation 1.481 x 10° 1.4819 x 10° 1.4812 x 10°
% 3. X Y V4
MIDG II Fe ¥R & f Bias (deg/s) 0.00378 0.00019 -0.00114
TR a ke R 2 R Standard Deviation 0.00358 0.00315 0.00373
HEER Gyro RMS 0.00521 0.00315 0.00390
Scale factor (ppm) 6242.3 4683.3 —2746.3
Standard deviation 20354 17925 21623
RMS 21288 18528 21795
* 4. X Y z
AR A A—zfﬁﬁi Average method
R T G MR Bias 4151.81 4081.88 4094.57
i — P $ e Accelerometer Scale factor 167.62 168.55 166.95
RR - Least squares method
Bias 4142.84 4085.85 4065.09
Scale factor 167.62 168.55 166.95
Average method
Bias 3279.91 3115.73 4973.67
Scale factor 4.9635 4.6924 2.1895
Gyro
Least squares method
Bias 3279.99 3116.06 4972.60
Scale factor 4.9635 4.6924 2.1895
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Accelerometer % 5.
X Y z VAT Ay 88 77 o0 A A9 AR
Velocity random walk TR R EM R E S -
(/s /) 0.033 0.023 0.026
Bias instability (m/s/h) 2.711 1.310 0.828
Gyro
Angle random walk
1.1 2. 4.561
(deg/Vh) 09 689 56
Bias instability (deg/h) 125 165 125

MIDG-Smoothing

ITRI-IMU-TC

& 15.
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MR AR B R Z B

SHSER I ZHAIAE - BEERIE g - HEZEME % 6. YA MMS & R $hIF 0938 £ 5 AT
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RMS (m)

L — R eI - HR R 2 B 7 Method P& | North | Up 3D

& H B EIERE ST - LC 3.01 2.82 3.54 5.44
TC 2.81 2.23 3.04 4.7
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