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Output-feedback controller synthesis
with sign-indefinite quadratic forms

oantiago Pantano Calderon, Sophie Tarburiech, Luca Zaccarian

Abstract: \We provide novel sufficient conditions for the synthesis of stabilizing dynamic output-feedback controllers for input-saturated plants. Based on

Linear Matrix Inequalities (LMls), together with appropriate transformations and sector conditions, the results exposed exploit the sign-indefinite quadratic

forms involving the closed-loop state and the deadzone of the control input to define piecewise smooth Lyapunov functions. The proposed solutions leverage

additional degrees of freedom with respect to the classical quadratic stabilization approach to construct global or regional exponential stability certificates

of the origin for the closed-loop system.

1 Research goals 2 Main results
Consider the linear plant subject to input saturation Theorem: Defining U := diag(), if there exist matrices
| X € Sy, Y € 5%, Z, €¢ RY™ Z., € R"™™,
Lp = Apﬂfp T Bpsa’t (’LL) > >(7)n ?79 . nXn X nXn
P ~ Oy : (1) Py € 8" S € -0 Gp c R"" G, € R""
Y PP I:IQ c Rnxm’ A—CA c Rnxn’ Bc = Rnxm, Cc c Rmxn’
with z, € R" y € R"™ and, for all + = 1,--- m, D. € R™"™ and E. € R"*™ satistying
sat;(u;) := max{—u;, min{w;, u;}}. The goal is to design -y 0 . 0 -
the dynamic output feedback controller with anti-windup I, 1X Z. 0
. \111:He — A, — 2 A a pea >07 (6)
compensation UG,—C. UG.—D.C,, iP»+UHy+S 0
G, G. H, .
0o e = Acxe + By + Eodz (u) 2) AY+B,Ce Ay+BD.C,  —B,S 0 0 Z,
U = Ccmc - Dcy 7 ) Ai }A{Ap‘FP)_cOp EC_A 0 ) OA AZC
vo—tie | Cc=UG, DC,~UG. —S-TUH, Zj—Cc Z]-D.C;, Por| _
2— A A )
where . € R", u € R™ and dz (u) := u — sat (u). ApY+B5,Ce Ap+BpDcCy —B,S Y —L, 0
. A, XA,+B.C,  E, ~I, ~X 0
The controller-plant feedback system can be written as ) ) q & b, 8| ()
1~ r = Ax+ Bdz(u) (3) then the origin of the closed loop system is locally expo-
u = Cx nentially stable from all x € R" : W(x) < 1 with the

controller matrices A., B., C., D. and E. as selected in
1], [2]. Additionally, if (6) and (7) are satisfied with for
all z € R*", then the origin of the closed loop system is
globally exponentially stable.

We extend the use of the sign indefinite quadratic form con-
structed in [3] to propose the Lyapunov function
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for the global synthesis [1], in which 3 Numerical examples

= P > 0 is enforced
= but Py may be sign-indefinite,
and, for the regional synthesis [2]|, the Lyapunov function

Vie) iteeR": |Hix+ Hydz (Cx) | <1

Wiz) = { | otherwise (5)

with f; and Hy being arbitrary design parameters.
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