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Abstract— Observer design for nonlinear systems with incomplete state observations is of practical significance. Despite
numerous existing works and recent developments in handling
multiple types of nonlinearities, it is still an open challenge
to reduce conservatism of synthesis conditions for systems
with large Lipschitz constants, and to improve computational
efficiency for complex real-world dynamics. To this end, this
study presents a multiplier-based approach that is capable
of determining an asymptotically stable observer for a large
class of highly nonlinear and large-scale systems. These key
advantages are due to an informative quadratic constraint on
the nonlinear dynamics. Both the present and the state-of-theart methods are evaluated in a benchmark example and a case
study on the dynamic power system state estimation, where the
proposed approach exhibits an imperative trade-off between
non-conservatism and computational tractability, establishing
its viability for real-world large-scale nonlinear systems.

I. I NTRODUCTION
Real-world physical systems, such as power grids and
autonomous vehicles, are often large-scale and nonlinear [1]–
[4]. Because the entire state of a real-world system may not
be accessible due to economical/technological constraints, a
fundamental problem in system analysis and control is how
to estimate the state from measurements, which is known
as observer design [1]. This study focuses on the important
case1
(
ẋ = Ax + f (x) + Bu
,
(1)
y = Cx
where A, B and C are matrices of appropriate dimensions,
x ∈ Rn and y ∈ Rm are the state and the observation
vectors, and u ∈ Rn is a known control input (this implies
that the observer has access to the output of the controller).
We further assume that the nonlinear part f (·) : Rn → Rn
satisfies (local) Lipschitz continuity, namely for all x1 and
x2 in the subset B ∈ Rn ,
kf (x1 ) − f (x2 )k ≤ γkx1 − x2 k,

(2)

where γ is known as the Lipschitz constant, and f (·) may also
capture uncertain parameters in the presence of measurement
errors and changing environments. While observer design can
be easily integrated in the controller design for linear timeinvariant systems, it presents unique challenges for nonlinear
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1 This formulation is general in the sense that one can always linearize
the system dynamics around an equilibrium point.

systems and has been the subject of investigation in numerous
works [2], [5]–[14]. Despite recent developments in handling
multiple types of nonlinearities [2], [10], [11], [15], the
estimation problem is still open and several difficulties remain,
namely: (1) to reduce conservativeness of the design methods
(e.g., for highly nonlinear systems with larger Lipschitz
constants); and (2) to improve computational scalability to
analyze physical systems at larger scales.
Motivated by these pressing needs, this study proposes a
multiplier-based approach for the observer design problem,
borrowing powerful ideas from the framework of integral
quadratic constraints (IQC) [16] and dissipation theory [17].
The IQC framework is celebrated for its capability to
encompass a variety of real-life uncertainties and for computational efficiency in analyzing large-scale systems. The
main obstacle in applying IQC, nonetheless, is the lack of
available mechanisms to characterize multiple-input multipleoutput (MIMO) Lipschitz nonlinearities. Existing tools are
either potentially very conservative (e.g., sector-bound IQC)
or impose stringent conditions (e.g., Zames-Falb IQC [18]
and its MIMO extension require the nonlinear function to
be the derivative of a convex function [19]). To address this
issue, we propose a new quadratic constraint on Lipschitz
nonlinearities by exploiting inherent structures of MIMO
Lipschitz functions. With this informative constraint in place,
in tandem with the introduction of multipliers, this study
enables the design of observers for a major class of largescale and highly nonlinear systems. The multiplier-based
framework can also incorporate uncertainties/nonlinearities
that have practical implications, such as uncertain and timevarying parameters.
The paper is organized as follows. An overview of observer
design methods for nonlinear systems is provided in Sec. II.
The multiplier-based design method is introduced in Sec. III.
To numerically evaluate the developed method and compare
it with the state-of-the-art approaches, experiments on a
benchmark example and a power grid state estimation problem
are conducted in Sec. IV. Concluding remarks are given in
Sec. V.
II. R ELATED W ORK
Observer design for nonlinear systems has been widely
investigated in the literature [1], [2], [5], [8]–[13], [15].
Several types of observers have been studied, including
Luenberger-like observers with a single gain matrix [6],
[8], [14] or multiple gain matrices [2], [10], [20]. In many
cases, the problem can be reduced to solving linear matrix
inequalities (LMIs) by applying the Young’s inequality [8],
[13], Riccati equations [7], [13], or via introducing multipliers

