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The averaging level control problemThe averaging level control problem

The problem:The problem:

Find a smooth outlet flow so that the inequalities  associated tFind a smooth outlet flow so that the inequalities  associated to the o the 
level are satisfied. I this way, the downstream effect of the inlevel are satisfied. I this way, the downstream effect of the inlet flow let flow 
disturbances is minimized.disturbances is minimized.
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The averaging level control problemThe averaging level control problem

Traditional approaches:
Controllers with proportional and integral modes or

simple intuitively based nonlinear controllers . 

Model predictive controller, where the objective is
quantified by the maximum rate of change of outlet fow
for a given inlet flow disturbance subject to level
constraints

These works consider only one tank processes, and the
closed-loop stability analysis is not considered.
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ControllerController designdesign usingusing IDAIDA--PBCPBC
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Key matching equation Key matching equation 

The openThe open--loop systemloop system

The desired closedThe desired closed--loop loop 
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ControllerController designdesign usingusing IDAIDA--PBCPBC
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The idea:The idea:
ToTo shapeshape thethe total total massmass functionsfunctions associatedassociated toto eacheach tanktank. . ForFor smoothsmooth
outletoutlet flowflow a a flatflat energyenergy functionfunction aroundaround a nominal a nominal levellevel, , willwill be be requiredrequired. . 
HoweverHowever, , toto keepkeep a a tighttight control control aroundaround thethe setset pointpoint, a , a energyenergy penalizingpenalizing
bigbig errorserrors shouldshould be be designeddesigned..

Tight Tight controlcontrol

AveragingAveraging controlcontrol
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ControllerController designdesign usingusing IDAIDA--PBCPBC
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Extended Extended LyapunovLyapunov functionfunction candidatecandidate
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““SplitSplit rangerange”” averagingaveraging levellevel controllercontroller
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Cascade of tanksCascade of tanks
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Cascade of tanksCascade of tanks
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Cascade of tanksCascade of tanks

SameSame energyenergy functionfunction forfor allall cellscells
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SomeSome simulationsimulation resultsresults
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SomeSome simulationsimulation resultsresults
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Final remarksFinal remarks

We have proposed a new approach based on shaping 
the total mass function to extend the systematic design 
of averaging controller to multi-tanks systems.

A simple example, considering a three tanks flotation 
circuit, has illustrated the main features of the 
proposed approach. 

Future work will consider the nonlinear characteristics 
of the actuator, the effect of adding decoupling and 
damping to the controllers, as well as the presence of 
nonconstant disturbances.
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