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An Optical Axis Deviation Compensation Algorithm Based on EM-EKF for

Deep Space Optical Autonomous Navigation System
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Abstract: In deep space exploration missions, the precision of optical autonomous navigation is greatly affected by
the installation accuracy of the navigation sensors. An optical axis deviation compensation algorithm based on
expectation maximization-extend Kalman filtering (EM-EKF) is proposed in this paper. Based on the idea of
conditional probability, the statistical characteristic parameters of the state and observation variables are given in
advance, and the estimation values of the state variables and the optical axis deviation parameters with the maximum
probability are obtained by maximizing the conditional expectation. This algorithm consists of four steps: EKF, fixed
interval smoothing, conditional expectation solving, and expectation maximization. The estimation value of the optical
axis deviation can be obtained by continuous iteration. Take the optical autonomous navigation of Mars exploration as
an example for simulation verification. It is found that, after optical axis deviation compensation, the navigation
accuracy 1s improved from 100 km up to less than 20 km.
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Fig.1 Schematic diagram of the optical axis deviation
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Fig.2 Diagram of the algorithm structure
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