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Simultaneous estimation of nonlinear systems driven
by unknown nonlinear actuator using Unscented Kalman Filter (UKF)

Y. Hattori and S. Adachi (Keio University)

Abstract—

In this study, it is considered to estimate state of a known nonlinear plant with input from

an unknown nonlinear actuator. To estimate nonlinear systems, a mathematical model which accurately
describes the system is required. So, it is necessary to take into account the unknown nonlinearity of the

actuator.

We propose an estimation method of state and input from the unknown actuator using dual

estimation by UKFO Unscented Kalman FilterD. Using this method, we can treat the unknown nonlinearity
as estimation problem of unknown parameters. Effectiveness of the proposed method is shown by numerical

experiments.
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Fig. 1: Nonlinear system with an actuator which has
an unknown static nonlinearity A(-)
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Ty = fxp, up, k) + vp (1)
Y = h(xg, ug, k) + wy (2)
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Xok—1k—1= Tp_1jp—1 (3)
Xik—1|k—1 = Tp—1)h—1 T (\/(n +K)Pr_1jk—1)i
i=1,...,n (4)

Xik—1lk—1 = Tp—1|k—1 — (\/(n + K)Pp_1jk—1)i
i=n+1,...2n+1 (5)
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A(ug) = ag + ajup, + agui +azui + ... (27)
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Fig. 2: Static nonlinearity of actuator : o ... discrete
point predetermined by experiment, solid line ... lin-
ear interpolation
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A(u(k)) = 2.4 — 0.2945u, + 0.0485u; — 0.0004u;; (30)
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Fig. 3: Result of state estimation. Upper stage shows
the result of estimation by linear interpolation and
lower stage shows the result of estimation by func-
tion approximation. : solid line ... true, break line ...
state estimation] UKF[, dashed-dotted line ... state
estimation[] EKF[O , x-marks ... noisy observation

Table 1: Comparison of RMS between the conven-
tional method and the proposed method

| RMS
370.3
88.0
15.1

conventionald EKF[O
conventionald UKFQO
proposed
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A(ug) = —2.381 4 1.830uy, — 0.0303uj + 0.0004u (33)
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Fig. 4: Input, actuated input A(u(k)) and estimated
inputs A(u(k)) : upper solid line ... input u(k), mid-
dle solid line ... true actuated input A(u(k))0 middle
break line ... estimated input A(u(k)) by linear in-
terpolation, lower solid line ... true actuated input
A(u(k)), lower break line ... estimated input A(u(k))

by proposed method.
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