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A Study on the Stability of Supervisory Control for Nonlinear System with
Saturating Input

Sanghwa Jeong*, Kyoungrae Cha**, Sinho Ryu**

JL Abstract J )

In realistic control systems, the nonlinear saturation attributes of the control actuator due to physical limitations should be
taken into account, This nonlinear saturation of actuators may cause not only deterioration of the control performance but
also a large overshoot during start-up and shut-down. As the overshoot increases, the system may become oscillatory
unstable. In this paper, the supervisor implementation which guarantees good performance for saturation operation and
prevents reset wind up is presented. Moreover, the sufficient conditions of the stability for saturated system using
supervisory control with a dynamic controller are provided in the continuous-time and in the discrete-time domain.
Numerical example is illustrated to depict the efficiency of supervisory control for a typical saturated production-distribution
system controlled by a discrete-time dynamic controller and to validate basic results by simulation.

Key Words : Nonlinear system(¥] 413 A] A8l), Supervisory control(=7% u}o}#} A|o]), Dynamic controller(3£3 0} 7]),
L Actuator saturation(+%7] ¥3}), Reset windup(2]Al 2F9l=9)

Nomenclature

§+ get 0? real nurrtl.bers | b IAR Actual Inventory at Retailer { wunits )
{exoe rgnln;g;a EJve} real numbers IDR Desired Inventory at Retailer ( wnits )
n T . ) UOR, UOD Unfilled Orders at Retailer and Distributor
R Vector space of dimension # in R C units )
nim S . . i
R Matrix space with elements of 7 rows RRR Requisitions(orders) Received at Retailer
and # columns in R ( units | week )
Z+ Set of nonnegative integers * {0.1,2. ) RSR Requisitions(orders) Smoothed at Retailer

Rel ©]  Real-part of the complex eigenvalue [ +)

. . ! units [ week
subscript ¢ Continuous time ( / )

subscript d Discrete time DRR Delay in smoothing Requisitions at Retailer

BIBO Bounded-Input Bounded-Output ( weeks )

IESF Integrated Error with State Feedback AIR Proportl@allty constant for Inventory
controller at Retailer ( weeks )

PDR Purchasing rate Decision at DUR,DUD Delay due to Unfilled orders at
Retailer ( units | week ) Retailer and Distributor ( weeks )
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Fig. 1. Actuator saturation function
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Fig. 2 Supervisory control with actuator saturation
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Fig. 3. Supervisory control of nonlinear
production-distribution system controled by
discrete-time I[ESF control law
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