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Inclination Angle Estimation Using Kalman Filter and Low-Cost Sensors
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Abstract

Many fields of robot, such as those of self-balancing robot, need accurate and high-bandwidth tilt
measurement to achieve stability. Tilt sensor, such as inclinometer, has its own slow dynamic with limited
bandwidth and therefore cannot provide the correct tilt information at high frequencies. The low-cost rate
gyro has an unknown bias and scaling in their output. Integrating the gyro output results indrift term in the
estimated angle; therefore, it is not suitable in practical to measure inclination angle from only rate gyro.
Another method is to use a two-axis accelerometer to measure the acceleration of the rotating frame from
which inclination angle can be calculated; however, the acceleration signal is sensitive to high-frequency
vibration that can produce noisy output. In this paper, we use an optimal linear state estimator (Kalman
filter) for combining data from low-cost inclinometer, rate gyroscope, and accelerometer to produce an

accurate angle measurement. The experimental result shows that the estimated angle from the optimal
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linear state estimator (Kalman filter) provide accurate inclination angle in various frequency ranges.

Potential uses of this angle measurement technique are tilt measurement in self-balancing robot, flying

robot, and vehicle control.

Keywords: Kalman filter, Tilt measurement, gyroscope
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