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A multi-step input and state estimation for the linear discrete-time
stochastic system and its application to the anaerobic digestion process
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Abstract: The problem of state estimation for systems with unknown inputs has received considerable attention during
the past decades. This paper proposes a simultaneous estimation method for inputs and states of linear discrete-time
stochastic systems based on multi-step innovation. Firstly, the unknown input is obtained from the multi-step innovation
with weighted least square estimation. The extended states and measurement vector which consist of multi-step variables
are introduced and used to calculate the multi-step innovation. This novel approach can reduce the impact of the noise on
estimation performance. Secondly, the past and current states are estimated from the input estimate and the Kalman filter.
This method still performs well when the dimension of the unknown input vector is equal to that of the state vector. The
effectiveness of the proposed method is demonstrated through the numerical example. Finally, the method is applied to an
anaerobic digestion process to estimate the concentration of the dissolved methane and the carbon dioxide in the anaerobic

digestion reactor.
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Fig. 1 Actual and estimated value of the unknown input
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Fig. 4 Actual and estimated value of the third element of state
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Table 1 Comparison of the MSUMV, UMV!!P! AKF
filters

Z%  MSUMV UMVl AKF

d 0.0464 0.0975  0.0970
x1 0.0912 0.1303  0.0962
x2 0.1036 0.1707  0.1120
x3 0.1450 0.1741  0.1498

5 PREJHAERERME M A (Application to
the soft sensing in an anaerobic digestion
process)
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Fig. 5 The estimation result of the dissolved methane

and the carbon dioxide in the anaerobic

digestion reactor
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