HelmholtzZentrum miinchen

German Research Center for Environmental Health

ReKinSim: A numerical platform for parameter estimation
of kinetically complex environmental systems

Mehdi Gharasoo, Martin Thullner, Martin Elsner 'v'_-'_-';.,-.-,-_,.-;:..:

Institute of Groundwater Ecology, Helmholtz Zentrum Munchen

ﬁ HELMHOLTZ

| ASSOCIATION



Experimental data
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Speculate, design and describe the kinetic model
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ReKinSim (GUI mode)

Experimental Data
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Kinetic/Fitting Parameters
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Initial ~ |Lower Bound|Upper Bo...| Estimated |Standard...

p(1) 0.1000 [i Inf 0.5924 0.0048
p(2) 0.2000 0 Inf 0.2978 0.0052
p(3) 0.2000 0 Inf 0.2105 0.0308
p(4) 0.2000 0 Inf 0.2569 0.0425
p(s) 0.2000 0 Inf 0.3604 0.1413
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Ordinary Differential Eqs
de(l)/dt |- plli*c(l) - p(2i*c(l)
de(2)idt |+ pili*cil)
de(3)/dt |+ pl2i*cil) - pi3i*ciz) - ..
de(4didt |+ pi3icis)
do(S5)/dt |+ pldic(3i*ci3) - p(5H*c(5)
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Hypothetical test case
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Hypothetical test case

« The actual values of parameters: V _,=1e-4[ML-3T1], K,,= .06[ML-3],
k,=.02[M-1L3T-1], ky= .003[M-1L3T-1], k,= .005[T-].

 Initial concentrations: C,=.3, C,=.3, C;=.8, C,=.5, Cs=0 v, C4=0[ML"3]

e The solution over 1000 unit of time:
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Hypothetical test case

* noisy observations are artificially created from the model solution by
adding normally distributed pseudorandom errors.
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Hypothetical test case

=
L

Concentrations [ML 3]
=
B

=
L

0 100 200 300 400 500 600 700 800 900 1000
Time [T]

HelmholtzZentrum miinchen  neLmnoLtz
German Research Center for Environmental Health | ASSOCIATION




KinTek Explorer test case

Purchase PDF  Export ~

Analytical Biochemistry
Wolume 387, Issue 1, 1 April 2009, Pages 20-25

5

o

FI SEVIER

Global Kinetic Explorer: A new computer program for dynamic
simulation and fitting of kinetic data
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Abstract

We describe a new dynamic kinetic simulation program that allows multiple data sets to be fit
simultaneously to a single model based on numerical integration of the rate equations
describing the reaction mechanism. Unlike other programs that allow fitting based on
numerical integration of rate equations, in the dynamic simulation rate constants, output
factors, and starting concentrations of reactants can be scrolled while observing the change
in the shape of the simulated reaction curves. Fast dynamic simulation facilitates the
exploration of initial parameters that serve as the starting point for nonlinear regression in
fitting data and facilitates exploration of the relationships between individual constants and
observable reactions. The exploration of parameter space by dynamic simulation provides a
powerful tool for learning kinetics and for evaluating the extent to which parameters are
constrained by the data. This feature is critical to avoid overly complex models that are not
supported by the data.
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Thermal iIsomerization of a-pinene
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Thermal iIsomerization of a-pinene
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Take away messages

* A parameter estimation platform for kinetically complex problems
was introduced (ReKinSim)

* ReKinSim is shown by comparison in par or superior to other
similarly oriented programs such as Aquasim and KinTek Explorer in
terms of flexibility and adoptability.

e ReKinSim is offered in two different modes:
« With a GUI
e Code based
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