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Analysis on Influence of Errors for Dual-axis Rotational Inertial
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[Abstract]

INS(Inertial Navigation System) calculates navigation information using a vehicle’s acceleration and angular velocity without the
outside information. However, when navigation is performed for a long time, navigation error gradually diverges and the
performance decreases. To enhance INS’s performance, the rotation of inertial measurement unit is developed to compensate error
sources of inertial sensors, which is called RINS(Rotational Inertial Navigation System). This paper analyzes the influence of

several errors for dual-axis RINS and the shows the results using simulation.
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Table 1. Rotation axis and direction for each rotation

gksk

Rotation |Rotation axis and direction

1~4 U, +180 E, —180 E, +180 U, —180
5~8 E, —180 U, +180 U, —180 E, +180
9~12 U, -180 E, +180 E, —180 U, +180
13~16 |E, +180 U, —180 U, +180 E, —180
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1 sinwt  coswt 0 0 Table 3. Conditions for Simulation
0 0 1 w,
-1 0 0 w
2 0 —coswt sinwt 0
0  sinwt coswt 0 Simulation Time [hr] 100
-1 0 0 —w Num of Monte Calro 50
3 0 coswt sinwt 0 Rotation Velocity [deg/s] 6
0 sinwt —cosut 0 Duration Time [s] 30
—coswt —sinwt 0 0 ;
4 sinwt  —coswt 0 0 E 4. MM 2%t
0 0 1 —w Table 4. Sensor Errors
1 0 0 —w
5 0 coswt sinwt 0
0 — sinwt coswt 0 Gyro constant bias [deg/hr] 0.01
cosat sinwt 0 0 Gyro_scale factor error [ppm] 10
6 sinwt — coswt 0 0 Gyro installation error [arcsec] 10
0 0 -1 —w Gyro random walk [deg/ vhr ] 0.001
—coswt sinwt 0 0 Temperature gradient error [deg/h/g] 0.01
- - ot 0 0 Geomagnetic field error [deg/h/G] 0.005
Simut Cos Acceleration constant bias [ug] 50
0 0 —1 w Acceleration_scale factor error [ppm] 10
1 0 .0 w Acceleration installation error [arcsec] 10
8 0 —coswt  sinwt 0 Initial _horizontal attitude error [mil] 0.05
0 —sinwt — coswt 0 Initial_vertical attitude error [mil] 0.1
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Table 5. Simulation Result
TRMS[Nm] Weight[ %]
Gyro constant bias 0.07 0.58
Gyro scale factor error 0.35 2.9
Gyro installation error 0.12 1
Gyro random walk 1.5 12.5
Temperature gradient error 0.29 2.4
Geomagnetic field error 5.7 47.7
Acceleration constant bias 0.051 0.42
Acceleration scale factor error 6.1E-5 (0]
Acceleration installation error 0.05 0.41
Initial attitude error 3.8 31.8
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Table 6. Error analysis of temperature gradient error

Temperature gradient error TRMS[Nm]
0.1 deg/hr 2.9
0.01 deg/hr 0.29




E 7. XNIXP| 37| w2 2R
Table 7. Error analysis of geomagnetic field error

by

Geomagnetic field error TRMS[Nm ]
0.01 deg/h/G 11.47
0.005 deg/h/G 5.7
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