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Wheel Turning Angle Measurement System Based on
Double GNSS Antennas and Single Gyro
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Abstract; For the problem that the traditional angle sensor’ s complex mechanical structure and prone to
failure and the gyro bias cause the error accumulates over time in automatic driving system, a wheel
turning angle measurement system based on double GNSS antennas and single gyro was proposed. The
system’ s sensors mainly included two GNSS antennas and a MEMS gyro. The double GNSS antennas
were mounted on both side of the vehicle and provided the speed, attitude angle, latitude and longitude of
the vehicle. The single MEMS gyro was mounted on the wheel and the angular rate was measured. An
algorithm used the above data was designed to integrate the angular rate to obtain the steering angle. In
order to solve the problem that the error accumulates over time, a Kalman filter based on the vehicle
dynamics model was designed to calibrate the error of integration of the gyro data. At the same time, the
lever-arm compensation algorithm was used to solve the speed error caused by lever-arm. The straight line
experiment was carried out to verify the effectiveness of the system and the curve line experiment was
carried out to verify the effectiveness of the lever-arm compensation algorithm. Compared the steering
angle of the proposed system with the Hall effect angular sensor, the average error of the straight line
experiment was —0.064° and the error variance was 0. 309° and the cure line experiment’ s mean error
was 0.299° and the error variance was 1.009°. The result of the experiments showed that this system
could replace the traditional angle sensor and it was easy to install and overhaul.
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Fig.2 Diagram of lever-arm between GNSS and rear axle
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Fig.5  Straight road test result
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Fig.7 Gain matrix and error covariance matrix of Kalman filter
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Tab.1 Hall effect sensor output, angle after and

before Kalman filter (°)
F5 ERAGRISEUE UE S S B ST A

1 2.58 2.24 1.02

2 0.71 0.75 -5.00
3 -1.35 -1.36 -4.04
4 -1.43 -1.45 -9.50
5 0.28 0.13 -6.05
6 -0.83 -0.84 -7.79
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Tab.2 Hall effect sensor output, angle after and before

lever-arm compensation (°)
o EREEEREUE  FPEAMER A TR AT A
1 34.32 34.56 29.43
2 -43.21 -43.60 -54.31
3 13.74 13. 41 12. 63
4 11.52 10. 48 8. 84
5 -43.21 -44.20 -55.32
6 31.81 32.10 27.25
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