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Estimation of image Jacobian matrix with time-delay compensation
based on robust Kalman filtering
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Abstract: Time delay is not considered in the traditional methods for the estimation of image Jacobian matrix, which
leads to large estimation error. To compensate for the impact of the time delay, a robust Kalman filtering method is presented
through which the current position and velocity of the feature point in the image space under time delay are predicted, and
then the accurate image Jacobian matrix under time delay can be obtained. Specifically, the current position and velocity
of the feature point in the image space are predicted by Kalman filtering algorithm, but Markov chain model is used in
the description of the measurement noise, then the cross-correlation between the process noise and measurement noise is
produced, the application of traditional Kalman filtering algorithm is restricted. To deal with this problem, we introduce
a filtering revision vector and redefine the process equation and measurement equation. By considering the mathematical
properties of the noise in Kalman filtering algorithm, we can obtain the filtering revision vector and eliminate the cross-
correlation, thus developing a robust Kalman filtering model. Next, to obtain the measurement vectors which cannot be
acquired in the robust Kalman filtering model owing to the existence of time delay, we propose a polynomial fitting method
for its determination. The polynomial is properly selected by synthetically considering the real situation effects on the
feature point trajectory from the position, the velocity, the acceleration and the change rate of acceleration of the feature
point. Finally, from the predicted position and velocity of the feature point in the image space at the current time, we
obtain the accurate image Jacobian matrix with time-delay compensation. Simulation and experimental results validate the
feasibility and superiority of this method.
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Fig. 4 Velocity prediction error in z direction
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parative experiment between theoretical traje-
ctory and calculated trajectories)
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4 451 (Conclusions)
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