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1. IntroductionAn industrial weigh belt feeder is designed to transport solid materials into a manufacturingprocess at a constant feedrate, usually in kilograms or pounds per sec. The weigh belt feederused in this research was designed and manufactured by Merrick Industries, Inc. of Lynn Haven,Florida and is a process feeder that is typically used in a food, chemical or plastics manufacturingprocess. To ensure a constant feedrate in industrial operation, a PI control law is designed andimplemented in the Merrick controller. In current practice the PI tuning process is performedmanually by an engineering technician. However, for better and more consistent quality, it isdesired to use automated PI tuning. In this research an automated tuning procedure is proposedand implemented using unfalsi�ed control concepts .?,? Controller falsi�cation concepts based onmodel reference control are given in .?Controller unfalsi�cation is a natural extension of model unfalsi�cation and leads to less conser-vative control laws?,? . It points out that for a set of causally-left-invertible candidate controllers,such as a set of PI control laws, decisions about which control laws should be falsi�ed (i.e., deemedunsuitable) or left unfalsi�ed (i.e., deemed suitable) can be made based on stored sensor outputsignals and actuator input signals, possibly representing open-loop or closed-loop data obtainedwith another controller in the feedback loop. Consequently, it is not necessary for a controllerto be actually inserted in the feedback loop to be falsi�ed. This is important because it meansthat adaptive unfalsi�ed control processes may be signi�cantly less susceptible to poor transientresponse than adaptive or tuning processes that require inserting controllers in the loop one-at-timeto determine their suitability.A particularly attractive feature of unfalsi�ed control is the ability to �nd control laws that canmeet multiple objectives. Since most real world engineering problems have more than one objective,this o�ers an improvement over standard optimal and adaptive control approaches that are basedon optimizing or constraining only a scalar cost function. In addition, unfalsi�ed control is simpleto implement, typically involving only real-time integration of algebraic functions of the observeddata, with one set of integrators for each candidate controller. However, in practice the costfunctions used for the unfalsi�ed control procedure must be chosen carefully based on closed-loopexperimentation. This increases the e�ort needed to develop e�ective unfalsi�ed control procedures.Instead of implementing the controller unfalsi�cation concept in real-time,? this research appliedthe concept o�-line. The original implementation essentially involved a brute force search over theoriginal set of controllers. To reduce the computational requirements of the unfalsi�ed controlprocess, a genetic search algorithm was used. 1



The paper is organized as follows. Section 2 reviews the unfalsi�ed control concept. Section 3uses the unfalsi�ed control concept to develop an automated PI tuning method for an industrialweigh belt feeder. Section 4 develops a genetic search algorithm for more e�cient implementationof the unfalsi�ed control concept. Section 5 presents actual experimental results showing thee�ectiveness of the unfalsi�cation algorithm. Section 6 demonstrates the computational bene�tsof using the genetic algorithm instead of an exhaustive search. Finally, Section 7 presents someconclusions.2. Review of Concepts from Unfalsi�ed Control TheoryConsider the feedback control system of Figure ??. Given K = fK1;K2; : : : ;KNg, a �nite,initial set of causally-left-invertible control laws, the goal of unfalsi�ed control is to determine aK 2 K such that for a set of plants P, representing the variations of the real system, the closed-loop system response satis�es a set of performance specs involving the command signal r(t), thecommand input u(t), and the measured output y(t). Unfalsi�ed control concepts use real test datato determine K 2 K that are not predictied by data from the plant to violate the performancespecs.
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Figure 1: Control SystemLet (�y; �u) denote a set of open or closed-loop test data, taken with sample period h in the timeinterval [t0; t0 + ph] where p is some positive integer. Speci�cally,
�y = 26666664 y(t0)y(t0 + h)y(t0 + 2h)...y(t0 + ph)

37777775 ; �u = 26666664 u(t0)u(t0 + h)u(t0 + 2h)...u(t0 + ph)
37777775 : (1)Since a controller Ki 2 K is causally-left-invertible, it is possible to determine a unique set of error2



signals, represented by �eKiwhere �eKi = 26666664 eKi(t0)eKi(t0 + h)eKi(t0 + 2h)...eKi(t0 + ph)
37777775 (2)that will result in the control signals �u if Ki is in the loop. It follows that the correspondingcommand signals �rKi are given by �rKi = �eKi + �y:Hence, �rKi is the set of command signals that would have yielded the signals �u and �y if the controllerKi were in the loop. Therefore, associated with each Ki (i = 1; 2; : : : ; N) is a triple (�rKi ; �y; �u).Now assume that there exist scalar cost functions Jj : R(p+1)�R(p+1)�R(p+1) ! R; j = 1; :::; q,and associated performance speci�cationsJj(�rKi ; �y; �u) � ��j ; j = 1; :::; q: (3)Then, for each control law Ki (i = 1; 2; :::N) one can compute the set of costs fJj(�rKi ; �y; �u)gqj=1.A controller is falsi�ed if there exists j 2 f1; 2; :::; qg such thatJj(�rKi ; �y; �u) > ��j : (4)It is important to note that in practical application of unfalsi�ed control the construction of usefulcost functions Jj(�) requires some closed-loop experimentation.The remaining set of unfalsi�ed controllers, Ku � K can now be reevaluated by using a newset of open or closed loop data ��u(new); �y(new)�. This process may be repeated as long as the setof unfalsi�ed controllers is nonempty. The reader is referred to?, ? for more information regardingunfalsi�ed control concepts.3. Formulation of Unfalisi�ed Control the Weigh Belt FeederThe weigh belt feeder used in this research, shown in Figure ??, is a product of Merrick In-dustries, Inc. It is a typical process feeder that would be used in a food, chemical or plasticsmanufacturing process. To weigh the material, a weigh deck is mounted on a precision strain gaugeload cell. This directly gives a belt load that is measured in kg/m. A 1000 pulse per revolutionoptical encoder is mounted on the tail pulley of the feeder and is used to measure the distance thebelt has travelled. By taking the �rst derivative of the belt travel, we obtain the belt speed in3




