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Calibration Errors of High precision Inertial Measurement Units

ZHANG Hong liang, WU Yuar-xin, ZHA Ya bing, WU Met ping, HU Xiao-ping
( College of Medhatronics Engineering and Automation, National Univ. of Defense Techmology, Changsha 410073, China)

Abstract: Calibration error analysis of inertial measurement units (IMU) is significant for eval uating navigation system performan ce,

alloiting errors, and choosing devices in projects. However, few researches on IMU calibration give the quantificational foms of

calibration errors. Based on quaternion, this paper constructs an error model about axes perpendicularty erros and angle corntrol errors

of atumtable. Considering measurement errors of gyroscopes and accelerometers in an IMU, we derive the calibration parameters’ errors

using a typical mult+ position calbration method. Finally simulations and calibration tests of a laser gyro strapdown inertial navigation

system are performed to verify the calibration eror analysis.
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Tab. 1 Calibration resuls in simulation
K¢ @ (°/ h) K* So(nfs?)
le- 8 Te— 12 9e- 12 a5 le- 6 —6e- 10 le- 9 Q0 006
- 2e-11 le- 8 3e—- 11 -1 2e- 9 le- 6 3e- 10 -00
6e- 12 —1le-11 le- 8 08 - 8e- 10 le- 9 le- 6 - 001
1. 0000e- 8 6. 8le— 12 8. Ne- 12 [ 0.5111 1.0000e- 6 - 6.05¢- 10 1.0le- 9 6.59¢- 3
- 2.03e- 11 1.0000e— 8  2.%e- 11 — 09902 2.02- 9 1.0000e—- 6  2.98e- 10 - 1.9%-2
5.90e- 12 - 1.08e~ 11 1.0000e— 8 L 0.8092 - 7.96e- 10 9.93e- 10  1.0000e- 6 -9 .%0e-3
6.52e- 16— 1.93e- 13 - 9.76e- 14 1. 11e- —2.4%- 12 - 455 12 9.75e- 12 5. 8- 4
- 265 13 - 1.14e- 15 - 9.72e- 14 9.7le— 3| 1.8%- 11 2. 65— 12 - 2.36e- 12 4. 3e- 4
- 9.64e- 14 - 2.73e- 13 - 1.66e- 13 L 9.25¢— 3 3.67- 12 - 6.58¢— 12 3.95e- 12 5.0le- 4
2
Tab.2 Resulis of calibration tegs
K¢ @y (/h) K Fo(m's?)
1.37%e- 8  7.14e- 12 - 3.13e- 11 [ 0.1114 7 [1.7589e-6 4.%0e- 10 1.22e- 9] [ - 5.53e- 3]
1 - 6.90e- 12 1.3787e- 8 - 1.54e- 11 0. 0455 - 3.48¢~ 9 1.7163e- 6 2.97e- 9 7. 2e- 3
1.33e- 12 1.97e- 14 1.3791e- 8 L- 0. 2141 L- 2059 1.34e- 9 1.7516e- 6/ L- 7.12¢- 3
[ 1.37%e- 8 7.19e- 12— 3. 13e~ 11| [ 0.1167 [1.7589e-6 4.8e 10 1.22e- 9] [— 5.54e- 3]
2 - 6.87e— 12 1.3787e-8 - 1.5e- 11 0.0387 - 350e- 9 1.7163¢- 6 2.97e- 9 7.73e- 3
1.33e- 12 - 6.00e- 15 1.3791e- 8. L- 0.2128] L- 2059 1.34e- 9 1.7515%- 6@ L- 7.01le- 3
[ 1.37%e- 8 9.06e- 12 - 3.13e- 1I] [ 0.099 ] [1.7586e- 6 6.34e- 10 1.20e- 9] [- 5.73¢- 3]
3 — 7.6le- 12 1.378e-8 - 1.He- 11 0. 0402 - 3.52e-9 1.7163¢- 6 3.32¢- 9 8.3le- 3
| - 204e- 12 - 3.101e= 12 1.379%e-8] | - 0.208] |- 1.84e-9 1.14e- 9 1.7513- 6 | - 7.42¢ 3]
3
Tab.3 Calibration emrors
ke @9 (7 K« fo (nfs?)
[ 353~ 15 435 14 - 1.3 14 [ 000837 [ 5.0%-1 ~-807e 12 8.06e- 13| [~ 1.74e- 3]
2 2. 75e- 14 1.31e- 15 - 4.8~ 15 - 0. 0068 —2.26e— 11 - 452e- 12 2.27e- 12 1. 18e- 5
L- L47e- 15 - 2.57e- 14 2.9e- 16| L 0.0013 | L—-2.28- 12 483e- 12 - 3.43e- 11 L 1.04e- 4 |
L79- 12 1.9le- 12 - L. 72 14 [-0.0120] [ -2.20e- 10 L4de- 10 - 1.60e- 1I] [ - 2.06e- 4|
3 - 7.08¢e- 13 1.82e- 12 - 4.0le- 12 - 0. 0053 - 4.18&- 11 1.24e- 11 3.50e- 10 5. Qe 4
L- 337e- 12 - 3.13e- 12 5. 64e- 12 L 0.0043 L 2.12e— 10 - 1.95e- 10 - 2.85e- 1Q L - 2.98e- 4
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