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ABSTRACT

In this paper, we analyze the Non-Holonomic Constraint (NHC) satisfaction of Inertial Navigation System (INS) for vehicular

navigation according to Inertial Measurement Unit (IMU) location. In INS-based vehicle navigation, NHC information is

widely used to improve INS performance. That is, the error of the INS can be compensated under the condition that the

velocity in the body coordinate system of the vehicle occurs only in the forward direction. In this case, the condition that the

vehicle’s wheels do not slip and the vehicle rotates with the center of the IMU must be satisfied. However, the rotation of the

vehicle is rotated by the steering wheel which is controlled based on the Ackermann geometry, where the center of rotation

of the vehicle exists outside the vehicle. Due to this, a phenomenon occurs that the NHC is not satisfied depending on the

mounting position of the IMU. In this paper, we analyze this problem based on Ackermann geometry and prove the analysis

result based on simulation.
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Fig. 1. Ackermann steering geometry.
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2. ACKERMAN GEOMETRY-BASED NHC
ANALYSIS
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(b)
Fig. 2. NHC according to the location of the IMU. (a) case-|, (b) case-ll.
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Fig. 3. Simulation results 1. (a) trajectory, (b) trajectory enlargement, (c) positioning error, (d) velocity in the body-frame, (e) IMU output.
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Fig.4. Simulation results 2. (a) trajectory, (b) trajectory enlargement, (c) positioning error, (d) velocity in the body-frame, (e) IMU output

3. SIMULATION ANALYSIS
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Table 1. Trajectory information.

{;I:; Trajecotory 1 {semg Trajectory 2

0~10 Stop 0~10 Stop

~15 Acceleration =5m/s® ~15 Acceleration=5m/s’

~20 Constantvelocity=25m/s | ~20 Constantvelocity =25m/s

~45 Angular velocity=30deg/s | ~25 Angular velocity = 18 deg/s
~30 Constant velocity

~35 Angular velocity =-18 deg/s
~40 Constant velocity
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Fig. 5. Simulation results with IMU noise added. (a) IMU output, (b) velocity
in the body-frame.
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