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ABSTRACT



Jean-Luc TROUVA T Etudes G&h-ales CACG Tarbes, F-65004 France



2. SYSTEM DESCRIPTION



The paperdeals with the modelling and the automatic control of a dam-river system, where the action variable is the upstream flow rate and the controlled variable the downstream flow rate. The system is modeled with a linear model (second order transfer function with delay). Two control methods (pole placement and Smith predictor) are compared in terms of performance and robustness. The pole placement is done on the sampled model, whereas the Smith predictor is based on the continuous model. Robustness is estimated with the use of margins, and also with the use of a bound on multiplicative uncertainty for variable reference discharges. Simulations are carried out on a nonlinear model of the river, and performance of both controllers are compared to the one of a continuoustime PID controller.



AND DESIGN GOALS



2.1. Presentationof the system The irrigation system considered uses natural rivers to convey water released from the upstream dam to consumption’ places. Farmers can pump water in the river when they need it without having to ask for it (it is an (( on demand N management). A (simplified) system considered is depicted in Figure 1: a dam and one river reach with a measuring station at its downstream end, and a pumping station just upstream. Pumping stations are in fact distributed along the river. This is taken into account during the identification process [2], hut for simplicity, it is supposed that all pumping stations can be aggregated into one at the end of the reach. As this discharge Qout is not measured and not controllable, it is considered as a perturbation, that has to be rejected.



1. INTRODUCTION The paper develops two classical SISO methods for the flow control of a dam-river system and compares their robustness to nonlinearities due to reference flow rate variations. A linear model derived from simplified Saint-Venant equations is used for controller design. The robustness of the design is evaluated using a bound on multiplicative uncertainty, designed to capture variations in the reference flow rate. A continuoustime PID controller is also designed and tuned following Haalmans rule [lo], to compare its performances to the one of both robust controllers. The approach followed is a posteriori for the pole placement method, as the robustness of the controller is evaluated after design. Design parameters T, and Tf following de Larminat [I] are then tuned in order to satisfy robustness margins specifications. For the Smith Predictor (SP) method, it is an a priori approach, as the performance and robustness requirements are imposed to the controller before the design. The Smith Predictor is written in the form of an Internal Model Controller (IMC). The design is facilitated by the fact that a single design parameter, the filter coefficient h has to be determined.
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Figure I: Simplijied dam-river system The controlled variable is the flow rate at the downstream end of the river. The water elevation is not controlled, as the system is used mainly in summer for maize irrigation, when the flow rate is quite low. The control action variable is the upstream flow rate. It is therefore assumed that there is a local (slave) controller at the dam that acts on a gate such that the desired flow rate is delivered. The control objectives are twofold : l satisfy the water demand from farmers (i.e. the discharge Qout), l keep the flow rate at the downstream end of the reach close to a reference flow rate (target), defined for hygienic and ecological reasons. The main problem encountered in such systems is the robustness to varying time delays. As already stated by Papageorgiou and Messmer [3], the dynamics of a river stretch
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are nonlinear, and depend on the reference discharge (see Figure 2). Such time delay variations can destabilize a linear controller designed without taking them into account.



The analytical identification process enables to express the coefficients of F(s) in function of physical parameters, as the reference discharge QO. The uncertainties due to variable reference discharges are represented as an output multiplicative uncertainty. This multiplicative uncertainty captures time delay as well as dynamics variations, which are due to the nonlinearity of the process. For QO E [Qmin,Qma-J, the transfer function F(s) is written as : F(s) = [ 1 + Arn(s)l.FO(s) (4) with IAm(io)l 5 lm(o) V o FO(s) is the nominal model, used to design the controller.



Figure 2 :Positive and negative step responses for different reference discharges QO : 5 m3/s (dashed), I m3/s (continuous line), 0.5 m3/s (dotted) 2.2. Modelling of the system and uncertainty description Open channel flow are well described by Saint-Venant equations [4] :
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Figure 3 : Bound Im on multiplicative uncertain/y
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Q(x,t) is the discharge (m3/s) across section A, ql(x,t) the lateral discharge (m2/s) (ql>O : inflow, qlO and k=l if ql



L = F K is the open loop transfer function, Sy is the outputperturbation sensitivity function, and Ty the complementary sensitivity function. Ty and Sy are linked by the relation : Sy + Ty =I



The identification of the four parameters aC, PC, aD, PD for a river reach proved to be efficient on simulated as well as on real data [2]. Linearizing equation (2) around a reference discharge QO leads to the Hayami equation, which can be analytically identified to a second order plus delay transfer function [5, 61 : exp(-sz) (3) F(s)=(l +sKl)(l +sK2)



In the following, the definitions of classical robustness margins [7] are recalled, along with simple explanations of their physical meaning. These margins offer a simple way to evaluate the robustness of a controlled system, in terms of acceptable variations in gain, phase, or time delay.
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The modulus margin M m is defined as the minimal distance of the Nyquist plot of L to the point (-1,O) : M m = inf { 11+ L(jo)l, o E R } Then :



ITYo(z)l =



M m = I l + L(@)lmin = (ISy(i~hnax)~’ = &



If the Nyquist plot of L(jw) intersects the unit circle in more than one point, noted wcrk (IL(jw,$)] = 1) and the x-axis in more than one point, noted agk (Arg]LQwgk)] = -n [2x]), the gain margin Mg is defined as : >



exp(-sto)



Fe(s) = (, + sK1O)(, + sK20) = FMo(s).exp(-szo)



+ , AM4i~crk)l 1 %r I and the advance margin Ma :



= n+ +k ]27t]



(1’)



.



(5)



If K stabilizes GO with a gain margin g, then K stabilizes G of the form k GO for every k between 0 and g. The delay phase margin Mdp is defined as : Mdp = min Id&}. ArgU@crk)l = n + $k [2x1 (6) The advance phase margin Map is defined as : Map= m in k{$‘k], N$4iocrkN =x - cb’k [27’d (7) If K stabilizes GO with a delay (resp, advance) phase margin 4, then K stabilizes G of the form e-JW GO (resp. elW GO) for every w between 0 and 4. The delay margin Md is defined as the maximum of the time delays r such that the feedback system is stable for a perturbed process R, F (Rr represents the delay operator, of transfer function e-rs) : Md=mink



z=e.ie,osesn



3.2. Robust continuous Smith predictor design 3.2.1. Internal model control representation of the Smith predictor The nominal transfer function FO is factored in twl3 terms, FM0 being the part without delay :



where /ISyllco represents the maximum of IS,(jo)l for o E R.



Mg = min k(gk)> gk = ,L(l;gk),
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Figure 5 : MC representation of the Smith predictor Q and C are linked by the following relation : C(s) Q(s) = 1 + C(S)FMO(S) 3.2.2. Robust stability and performance of the Smith predictor Robust stability : Using the IMC representation, the robust stability cjondition (10) becomes : The system of Figure 5 is stable for multiplicative uncertainties IAm( < lm(w) iff : l the nominal system is stable l IQ(jw)FO(jw)] < Im(o)-’ V~.I (12)



(8)



Ma = min k 3 , Arg[L(jwcrk)] = x - r$‘k [27r] (9) {‘I Then, if K stabilizes GO with a delay (resp. advance) margin ‘sm, then K stabilizes G of the form e-rs GO (resp. ers GO) for every T between 0 and ‘sm.



Robust performance: Nominal performance is specified with an H, constraint on nominal sensitivity function SyO (SyO = 1 - TyO) :



Il~yOW)~2(i~)llm < 1 or :



3.1.2. General robustness results for unstructured uncertainty The robustness margins presented above only consider variations in gain, phase, or time delay, and not simultaneous variations. The use of unstructured uncertainty enables to take into account global modifications of the nominal transfer function. The Nyquist theorem gives general robustness results for such uncertainties. With uncertainties represented in the multiplicative condition of robust stability is [8] :
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