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ABSTRACT

The performance of a Strapdown Inertial Navigation System (SDINS) relies heavily on the accuracy of sensor error calibration.

Systematic calibration is usually employed when only a 2-axis turntable is available. For systematic calibration, the body frame

is commonly defined with respect to sensor axes for ease of computation. The drawback of this approach is that sensor axes

may undergo time-varying deflection under temperature change, causing pseudo gyro bias. The effect of pseudo gyro bias

on navigation performance is negligible for low grade navigation systems. However, for higher grade systems undergoing

rapid temperature change, the error is no longer negligible. This paper describes in detail conditions leading to the presence

of pseudo gyro bias, and proposes two techniques for mitigating the error. Experimental results show that applying these

techniques improves navigation performance for precision SDINS, especially under rapid temperature change.
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Fig. 1. Relationship between body frame (B frame) and accelerometer axes
(a axes) with misalignments.
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Fig. 2. Relationships between body frame (B frame), accelerometer axes (a axes), and gyro axes (g axes) on x-z plane.
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Fig. 3. Structure example of pendulum of silicon or quartz pendulous
accelerometer (Beitia et al. 2015).

Fig. 4. Structure example of ring laser gyroscope (1) cavity case; (2, 15)
photodetectors; (3, 74) planar mirrors; (4) anode; (5, 17) spherical mirrors;
(6, 10) piezoelectric correctors; (7) vibro suspen-sion; (8) aperture; (9) rotor
of angular velocity sensor; (72) getter pump; (13) anode stem; (76) cathode
(Kuznetsov et al. 2015).

Fig. 5. Three accelerometers mounting example.
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Fig. 6. Misalignment temperature rates of pendulous axis and hinge axis of silicon pendulous accelerometers (PA: pendulous axis, OA: hinge axis).

Table 1. Statistics of misalignment temperature rates of pendulous axis and hinge axis of silicon

pendulous accelerometers.

Pendulous axis Hinge axis
Temperature rate of misalignments [asec/°C] Stan dall/(lieggviation é’ 61(;) 2687 29 _(? :: 3;171

Predicted pseudo gyro bias (under 10°C/hr)

-0.00197 ~ +0.00138 -0.00247 ~ +0.00075

Fig. 7. Temperature rates of the sum of estimated misalignments B,, and ,[AZJ-,

#-& 22} Fading memory HE]E &5k} (Statman 1987).
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Fig. 8. Estimated gyro misalignments of the experimental system.

Fig.9. Estimated accelerometer misalignments of the reference axes of the experimental

system.

Table 2. Misalignment temperature rates of the reference axes of the
experimental system.

Anticipated pseudo gyro bias [deg/hr]

Misalignment temperature ‘ Temperature rate [*C/hr]
rates [asec/°C] Body axis
10 5 1
XaxisOA  +1.67 Z +0.00464 +0.00232  +0.00046
X axis PA -0.98 Y -0.00272  -0.00136  -0.00027
Y axis OA +0.44 X +0.00122  +0.00061 +0.00012
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Fig. 10. Case 1 velocity and position error comparison.

Fig. 11. Case 2 velocity and position error comparison.

Fig. 12. Case 3 velocity and position error comparison.
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