An anticipatory approach to optimal
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Introduction

Mathematical models

Several mathematical models seem to give a reasonable
description of the same process, but which model is the
best one? Therefore, new experiments have to be performed in order to discriminate among them.

The mathematical models used in our research are sets
of (nonlinear) differential equations

HOW TO FIND THESE EXPERIMENTS ?
OPTIMAL EXPERIMENTAL DESIGN
FOR MODEL DISCRIMINATION

ẋ (t) =
ŷ (t) =

f (x (t) , ξ (t) , θ, t) ;
g (x (t))

x (t0 ) = x0

where x(t) are the state variables; ξ (t) represents the
experimental degrees of freedom; θ are the model parameters; and ŷ(t) are the measured variables.

Optimal experimental design
The optimal experiment (ξ ? ) is found after optimization of a well-defined objective function within the
design space Ξ

Current approach
Φ is estimated from information collected in the ne
already performed experiments

ξ ? = arg max T (ξ)
ξ∈Ξ

Φ−1 =

The objective function to discriminate between model
i and j (Tij ) should maximize the difference between the
model predictions (∆ŷij ) and should take into account
the uncertainty on the measurements and the model predictions, as illustrated in the figure below.
Tij (ξ) =
sampling times

with ∆ŷijk
ψij
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Information that will be collected is ignored in the
estimation of the model prediction uncertainty Ω

Proposed anticipatory approach
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Φ is estimated from information collected in already performed experiments and from the designed experiment
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Taking into account the information that will be
collected leads to a better estimation of the model
prediction uncertainty Ω that will determine the
dicriminatory power of the data sets
Experiments could be obtained where parts of the
collected data serves to decrease the model
prediction uncertainty in regions where the difference
in the model predictions is big, but would not have
been exploited by the current approach because of the
high model prediction uncertainty.
INCREASED DISCRIMINATORY POTENTIAL

For further information on this work, do not hesitate to contact me
at brecht.donckels@ugent.be

Figure: Illustrating the importance of uncertainty on the measurements and on the model predictions in the context of model
discrimination
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