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ABSTRACT

Inertial Navigation System (INS)/Global Navigation Satellite System (GNSS) integrated navigation system can be used for

land vehicle navigation. When the GNSS signal is blocked in a dense urban area or tunnel, however, the problem of increasing

the error over time is unavoidable because navigation must be performed only with the INS. In this paper, Non-Holonomic

Constraints (NHC) information is utilized to solve this problem. The NHC may correct some of the errors of the INS. However,
it should be noted that NHC information is not applicable to all areas within the vehicle. In other words, the lever arm effect
occurs according to the distance between the Inertial Measurement Unit (IMU) mounting position and the NHC effective

point, which causes the NHC condition not to be satisfied at the IMU mounting position. In this paper, an INS/GNSS/NHC

integrated navigation filter is designed, and this filter has a function to compensate for the lever arm effect. Therefore, NHC

information can be safely used regardless of the vehicle’s driving environment. The performance of the proposed technology is

verified through Monte-Carlo simulation, and the performance is confirmed through experimental test.
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Fig. 2. Schematic of the sensor mounted on the vehicle.
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3. INS/GNSS/NHC NAVIGATION SYSTEM
CONSIDERING LEVER ARM

3.1 NHC Considering the IMU Mounting Location
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3.2 INS/GNSS/NHC Integrated Navigation System
Considering Lever Arm
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Fig. 3. Simulation trajectory and tunnel section.

Table 1. Simulation trajectory setting.

i Traject
Time rajectory Tunnel
(sec) movement value
0-~10 Standing - Outside
~20 Accelerate 5.0 m/s Outside
~30 Cruise - Outside
~40 Turn 9.0 deg/s Inside
~50 Cruise - Outside
~60 Turn -9.0 deg/s Inside
~70 Cruise - Outside
~80 Turn 9.0 deg/s Inside
~100 Cruise - Outside
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Fig. 4. Velocity in body frame generated by lever arm.
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Fig. 11. Comparison of 15F and 16F position errors.
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=

Fig. 12. Experimental results of the 15F and 16F integrated navigation
system.

Table 2. Comparison of 15F and 16F order position error.

Extended Kalman filter
RMSE
15F 16F
Latitude (m) 0.3032 0.2937
Longitude (m) 0.2282 0.2189
Height (m) 0.1424 0.1188
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5. CONCLUSIONS
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