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Integrated navigation method of RLG INS/GNSS polar region

Zhang Yongjian, Wang Lin, Wei Guo, Gao Chunfeng, Luo Hui
(College of Advanced Interdisciplinary Studies, National University of Defense Technology, Changsha 410073, China)

Abstract: When the aircraft is flying across the polar region, the transformation of navigation coordinate system
will lead to the change of filter structure, which will affect the navigation accuracy. To solve this problem, a Ring
Laser Gyroscope Inertial Navigation System/Global Navigation Satellite System (RLG INS/GNSS) polar region
integrated navigation algorithm based on covariance transformation was proposed. The transformation
relationship of the system error state and the covariance between the geographic coordinate system and the grid
coordinate system was established. Then the integrated navigation filter with full latitude applicability was
designed, and the effectiveness of the algorithm was verified by sports car experiment and semi-physical
simulation experiment. The experiment results show that the covariance transformation algorithm can effectively
solve the filtering instability caused by the transformation of the navigation coordinate system. Compared with the
non-covariance transformation, the system state error decreases by one order of magnitude.

Key words: covariance transformation;  polar region navigation;  grid coordinate; ~ RLG INS/GNSS
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Fig.5 Relative estimation error of the gyro bias Fig.6 Relative estimation error of the accelerometer bias
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Tab.1 Peak value of state estimation error with covariance transformation

Number Attitude error/(") Velocity error/m-s ™ Position error/m Gyro bias error/(°)-h™ Accelerometer bias error/ug
1 0.03 0.0004 0.2 0.001 0.24
2 0.01 0.002 0.18 0.002 0.22
3 0.14 0.0028 0.2 0.003 1.6
4 0.26 0.0004 0.12 0.002 0.38
5 0.02 0.0014 0.14 0.001 0.18
6 0.01 0.001 0.04 0.001 0.1
Average 0.08 0.0013 0.15 0.002 0.45

R 2 AW AEZHRTREMITREEE

Tab.2 Peak value of state estimation error without covariance transformation

Number Attitude error/(") Velocity error/m-s Position error/m Gyro bias error/(°)-h™! Accelerometer bias error/pg
1 3.8 0.06 3.8 0.074 19.4
2 4.78 0.07 4 0.06 18.1
3 6.04 0.116 5.6 0.014 55.2
4 5.26 0.012 1.56 0.018 10.2
5 4.96 0.032 1.8 0.14 23.1
6 1.42 0.008 0.16 0.008 11
Average 4.38 0.05 2.82 0.052 22.82
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