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Abstract: The derivative peaking phenomenon in the traditional extended state observer (ESO) usually occurs when the
initial difference between the initial value of the traditional ESO and the initial value of the system state variable is large. To
deal with this phenomenon, we derive the general form of the ESO based on the nonlinear hyperbolic tangent function, and
use Lyapunov functions to prove the asymptotic stability of the second-order ESO error system. Then, we make use of the
self saturation characteristic of the hyperbolic tangent function to design a second-order ESO with time-varying parameters,
which can effectively suppress the derivative peaking phenomenon. Comparing the simulation result of this type of ESO
with that of the traditional ESO, we find that the proposed ESO can effectively inhibit the derivative peaking phenomenon,
and obtain the accurate estimation for both system state variables and nonlinear disturbances.
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