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Motivation

e Set-membership estimation is an alternative to statistical estimation

* |t drops the need of knowing statistical distributions but requires set-based tools
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This talk

* A novel parameter/state set-membership estimation algorithm for nonlinear
systems based on ellipsoidal ensembles that enables online applications
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Set-membership estimation (SME)

dynamic system: (t) = f(z(t),p), ©(0) = xo(p) —— Set propagation
output function: y(t;) = g(x(t;), p) —> Setinteresection
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Reachable set of a dynamic system

* Given a parameter set P and a set of parametric ODEs, identify the set X'(¢)

A

X(t)CcX(t)>x(t,p) VpeP, Vt>0

* |dea: Approximate the reachable set as x(t, p) A
an ellipsoidal tube X (1)
T X(Q(1),q(t)) := (
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{QWv+qt) [vTv < 1}
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Kurzhanski and Varaiya, Dynamics of Continuous, Discrete & Impulsive System, 2002
X1 Houska, et al. Journal of Process Control 2012.
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SME with ellipsoidal ensembles

* |[dea: Each uncertain measurement point can be projected onto the
state space and over-approximated as an ellipsoid

* Usual tricks can be used: dummy T2/
states/parameters, degenerate ellipsoids, etc.

* |dea #2: Ellipsoidal ensemble can be
propagated and contracted towards the
intersection all other ellipsoids

* This can be formulated as a set propagation
much like the reachable set over-approximation

* The estimation can be formulated as a
dynamic optimization problem -> NLP
Feng et al., Automatica, 2020

Valiauga , Feng, Villanueva, Paulen, Houska Set-Membership Estimation using Ellipsoidal Ensembles ADCHEM 2021 6/17



Initial state
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Membrane separation — Process
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Membrane separation — Plant —
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Membrane separation — Performance —
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Paulen et al., Journal of Process Control, 2015
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Optimal control Membrane separation I -—
Pontryagin's minimum YES
principle
x(t) i
. Umin if S{Ya ;6) >0 E
| u(t) =< uly.p) ifS(y,p)=0 :
umax  if S(y, p) <O :
E*....k ............................................ j.- NO E
Estimator
s i | __ Measurements |

Parameter estimation

y = h(x) -~
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Membrane separation — Fouling AM

e Gradual fouling of the membrane changes its permeation properties and causes
batch-to-batch variations

* Batch optimality can be restored if a reliable online parameters estimate is in place

Jelemensky et al., Processes, 2016; Paulen and Fikar, Computers & Chemical Engineering, 2019
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fnehec AM

Optimal control Membrane separation I -—
Pontryagin's minimum YES
principle
x(t) i
. Umin if S{Ya ;6) >0 E
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Performance. How many tubes to use? AM

* Trade-off between accuracy and
complexity
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*CasADi, Matlab, standard PC, no parallelization/code optimization
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Estimation performance — Scenario 2 Aﬂ

e Consistent estimation performance
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Estimation performance — Scenario 2 Aﬂ

Bounds Real state = = = State estimate
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Conclusions

* Novel approach for set-membership state/parameter estimation for nonlinear
dynamic systems

* online applicable, real-time feasible for moderate-scale systems
e compatible with moving-horizon principle
* Acknowledgements: NSFC (grant 61473185), ShanghaiTech (grant F-0203-14-012)
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Questions are welcome:
radoslav.paulen@stuba.sk
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