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An improved unscented Kalman filter with randomly delayed
measurements and randomly missing measurements
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Abstract: The classical Kalman filter requires that the measurements can be obtained in real time, and it is only suitable
for linear systems. However, in practical engineering applications, most of the systems are nonlinear systems, and the
measurements are sometimes delayed or lost, the classical Kalman filter is no longer applicable in this case. Therefore, in
this paper, the problem of state estimation for nonlinear discrete-time systems with randomly one-step delayed measure-
ments and missing measurements is studied. The phenomena of randomly one-step delayed measurements and missing
measurements are described by two independent random variables satisfying the Bernoulli distribution. When the mea-
surement is missing, the one-step prediction value of the measurement is used to replace the zero input for compensation.
On this basis, an improved unscented Kalman filter is proposed by using the orthogonal projection theory and unscented
transformation method. Finally, a simulation example is given to illustrate that the improved algorithm has higher accuracy
than the classical unscented Kalman filter in the case of considering randomly one-step delayed measurements and missing
measurements.
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