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Application of the nonlinear tracking-differentiator in velocity
estimation on optical encoder
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Abstract: A real -time velocity estimation method based on position measurement was proposed to
measure the velocity of axis-angle encoder. Based on the theory of nonlinear tracking -differentiator, the input
signal was integrated digitally, and the differential signal was estimated fastly and exactly, avoiding the noise
amplification brought by conventional differential method. The method was mode -independent and easily
implemented with small computation. The theoretical foundation and discrete time expression using the
Euler’ s method were given. The numerical simulation and experimental verification were conducted and
applied to telescope. The results show that the influences of sampling frequency and measurement noises on
the velocity estimation were reduced, and the measurement accuracy in the low -speed ranges was improved
apparently. The approach was also applied to the velocity controller with feedback loop. The standard
deviation of 0.004 (°)/s was improved from 1.563 (")/s to 1.066 (")/s, which implies that the proposed
approach improved the low velocity smooth properties, in the condition of controller parameters were not
changed. The simulation and experiment prove the validity and practicability of the method.
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Fig.5 Contrast of experimental results for low velocity performance
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