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Balance correction and verification of IMU posture error
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Abstract : There are various system errors in the inertial measurement unit (IMU). It needs calibration to enhance the accuracy of
attitude calculation. The correction matrix is usually determined by the measurement values and their theoretical values at some specially
designed positions where the measurement values of sensors also contain various system errors. The error caused by the correction matrix
is deduced theoretically, and its influence on the error of attitude parameters is studied. Experimental data are utilized to verify those
influences. According to the point design of balance correction, the influence models of balance correction and its structure topology on
attitude accuracy are researched in detail. The balance correction is again implemented on the original experiment data. The results at
some classic attitude positions show that the balance correction generally reduces the absolute error. The average and peak values of
absolute attitude error are decreased to 30. 8% at least with the average balance correction. Moreover, the attitude accuracy of small
inclination angle with the average balance correction occupies the similar attitude accuracy under large and medium inclination angles
with the traditional correction method.
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different inclination angle values
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Table 1 Angle error values of computed attitude with (S, =S,)ds,
traditional correction under different inclination dS5 = (S, = S.,)dS, + (S, —S,)dS. ~ (16)

angle values (*)

I dlyer dl,,, dT e dT,,,
90.000 -0.032 1004 0.1230472 0.046 3992 0.299 081 4
75.006 -0.0189926 0.1164007 0.040 1885 0.204 601 3
59.994 -0.014 4478 0.087 7542 0.0009958 0.2319619
45.000 -0.003 1129 0.086 3704 -0.020968 1 0.256 681 1
30.006 -0.0032839 0.0560185 -0.0360103 0.292 569 6
14.994  0.0105534 0.0513567 -0.024 1331 0.3863505

5.004  0.009 6132 0.0449522 0.101 6024 0.664 572 4
3.006 0.0170316 0.0480502 0.1570371 0.783 3464
1.998 0.006 7484 0.0257756 0.251 316 0 0.566 723 0
1.206 0.0115110 0.044 1247 0.4627579 1.599 6419
0.612 0.0112421 0.0416129 1.0372756 3.4353246
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Table 2 Error comparison between traditional correction
and balance correction under small inclination

angle values (°)
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Table 3 Error comparison between traditional and
balance correction under mid-inclination angle values

and vertical position (°)

1 Ly dl,,, dTyye ar,,,

90.000 -0.032 1004 0.123 0472 0.046 3992 0.299 081 4
B 75.006 —0.018 9926 0.1164007 0.040 188 5 0.204 601 3
ik 45.000 -0.003 1129 0.086 370 4 -0.020 968 1 0.256 681 1

14.994  0.010 5534 0.051 3567 -0.024 133 1 0.386 350 5

90.000  0.000 000 0 0.000 000 0 —0.004 038 8 0.194 844 6

Wy 75.006 —0.004 889 0 0.039 2352 -0.046 277 5 0.237 789 2

B 45.000 0.020086 6 0.108 856 8 —0.031 637 8 0.196 443 4

14.994 0.009 088 0 0.042 8350 -0.023 511 8 0.161 1554
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of balance correction matrices at /=0. 612°

1-2-3 -0.0014191 0.0153305 0.1399780 0.809 6755
2-3-4 -0.003 6641 0.0172097 -0.0212969 0.510790 1
3-4-1 -0.0004313 0.0150531 -0.1199744 0.728 940 6

4-1-2  0.001 7497 0.0205700 0.0328925 0.8138176
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Table 5 Index comparison using different combinations

of balance correction points at 7=0. 612° (°)
EL dlygper dl, ., AT q0er dT,, .,

1-2-3  -0.000 507 7 0.011 7853 0.1747978 1.260 328 9

2-3-4 -0.0019713 0.0137440 -0.049 4893 1.404 4582
3-4-1 0.000 3453 0.0123801 -0.1724256 1.132265 1
4-1-2  0.001 7782 0.0144632 0.0405364 1.3527464
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Fig. 6 Absolute attitude errors using average value of

different balance correction matrices

0.2% , T FL1A i 22 M I8 /N2 29. 3% , 1=0.612°
B, A AR %) AT A £ 15 2 1) S 3 B /N 28 FLARS I B 1
0. 8% , A} f i 25 Ay W I (8 /N 28 25. 7% 5 T EL i A iR
4 1S EAE N 2R A IE Y 1. 1% , T B f iR 22 1Y
WA I (EL DR/ N 28 28. 1%



59 1

FEAME 45 IMU 235 R 2E M1 IE AL 5 50U 211

Ro6 HEEFHREMNETREEEENTEHE
Table 6 Peak-to-peak and average errors using average

value of different balance correction matrices (°)

1 dlyper dl,,, dT, e dr,,.,
90.000 0.0000000 0.0000000  0.018 7438  0.207 446 2
75.006 -0.0149457 0.0335410 -0.0172631 0.179 889 7
59.994 -0.0007759  0.037 7423 -0.0028526  0.120 994 2
45.000 -0.0000702  0.0569850 -0.0021639  0.110 6255
30.006 0.0003462 0.043664 0 -0.0014972  0.092 060 6
14.994 0.0001235 0.0256539  0.0004255 0.112289 3

5.004 -0.0004482 0.0143834 0.0089428 0.172843 3
3.006 0.0000267 0.018 7727 -0.0223472 0.228 710 6
1.998 -0.000996 6  0.009651 1  0.0069253  0.277 954 6
1.206 -0.000946 0  0.0135818  0.007 3508  0.450 248 5
0.612 -0.0000935 0.010699 8 -0.0028141 0.984 1103
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Fig. 7 Error comparison between traditional correction and

average balance correction
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