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The most widely used method for constructing an inertial navigation system (INS)/global navigation satellite system (GNSS)
coupling system is to construct an integrated navigation system using a Kalman filter. However, depending on the trajectory,
non-observable state variables may be generated. In this case, the state variables are not estimated. To solve this problem, a
integrated navigation system is constructed and then an observability analysis is performed. In this paper, a 24th order
position-matched Kalman filter is defined to design an INS/GNSS integrated navigation system for vehicles moving with a large
pitch angle change. To verify the appropriateness of the error state variables applied to the Kalman filter, an observability analysis
was performed. The trajectory was divided into five segments, and the piece-wise constant system (PWCS) was assumed for each
segment, and the results were analytically analyzed. The analytical results and the simulation results confirm that the error state
parameters of the Kalman filter are well-designed to the estimation side.
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Table 1. Segment for vehicle dynamics.
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g fx fy | fz | Roll | Pitch | Yaw
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acceleration
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5 . 0 ) -90 0
acceleration 2 Ia
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Table 2. Observability analysis result.
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Table 3. Error specifications of simulation.
Specifications of Initial error
No. Type of error Value(10)
Latitude 4m
1 Position error Longitude 4m
(m)
Altitude 8 m
VE 0.0 m/s
Velocity error
2 (m's) VN 0.0 m/s
VU 0.0 m/s
o 0.15 mrad
Attitude error
3 (mrad) Oy 0.15 mrad
oy 0.50 mrad
Accelerometer bias error
4 X, Y.2) 100 ug
Gyro bias error
5 X.Y,2) 0.005 deg/hr
7 Accelerometer scale factor error (X, Y, Z) 100 ppm
8 Accelerometer misalign error 30 ppm
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