
 Copolymerization process including monomers M1 + M2 
 Three experimental data sets available  
 Determination of four kinetic parameters: kp11, kp22, r1, r2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

After analysis of the results from the copolymerization data 
new experiments have to be designed to reduce the 
parameter ranges. Due to the consideration of data from 
additional homopolymerization experiments the parameter 
uncertainties are reduced. 
Thus the reliability of the estimated parameters is increased.   

 
 
 
 
 
 
 
 
 
 

Data set 3 
Homopolymerization M2 

Data set 2 
Homopolymerization M1 

Data set 1 
Copolymerization M1+M2 

Approach: Determination of every parameter set that fits to 
 the measured data including measurement 
 uncertainty. 
 
 
 
 
 
 
 
 
Population based algorithm for the optimization problem: 
Maximization of the distance towards the feasible solutions 
within the parameter space 

max
𝑝⃑𝑝𝑒𝑒

∑ 𝑝⃑𝑝𝑎𝑎−𝑝⃑𝑝𝑒𝑒
𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

𝑁𝑁𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓
𝑎𝑎=1   

s.t. 𝑦𝑦𝑚𝑚 t𝑖𝑖 − 𝛿𝛿𝑚𝑚 <  f y, y0,𝑢𝑢, 𝑝⃑𝑝𝑒𝑒 , t𝑖𝑖 < 𝑦𝑦𝑚𝑚 t𝑖𝑖 + 𝛿𝛿𝑚𝑚  ∀𝑡𝑡𝑖𝑖  
 

Analysis of the resulting parameter ranges enables the 
prediction weather further experiments are needed to 
achieve the requirements for model-based 
control/optimization.  
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Motivation 
Model-based optimization and control are becoming more 
and more important in the process industries. Typical 
models consist of ordinary or partial differential equations 
(ODE/PDE) of the following form 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑓𝑓(𝑦𝑦,𝑢𝑢, 𝑝⃑𝑝,𝑦𝑦(𝑡𝑡0)) (ODE)     
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑓𝑓 𝑦𝑦, 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

,𝑢𝑢, 𝑝⃑𝑝,𝑦𝑦 𝑡𝑡0 , 𝑦𝑦 𝑧𝑧𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  (PDE) 
y: process variable; t: time; u: manipulated variable; p: parameter; z: spatial coordinate 

The applicability of these models for optimization and 
control is strongly related to the accuracy of the model 
parameters. 
What is the typical way to determine parameters? 
 Combination of lab experiments and optimization 

 
 

 min
𝑝⃑𝑝

𝑦⃑𝑦𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 − 𝑦⃑𝑦𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 2 

            
           single parameter set 
   
 
Challenge 1: How to deal with measurement uncertainty? 
Challenge 2: Is the set of experimental data sufficient to fit 
 the model parameters? Are additional 
 experiments needed? 
 
 

Case Study 

Guaranteed Parameter Estimation 

References and Acknowledgements 
[1] Goerke, T., Engell, S.; 2016; Application of Evolutionary Algorithms in Guaranteed Parameter 

Estimation; IEEE Congress of Evolutionary Computation (CEC); ISBN: 978-1-5090-0622-9; pp. 5100-
5105 

This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under the grant agreement No 636942. 

This document reflects only the view of the author(s) and the European Commission cannot be held responsible for any use which may be made of the information contained 
herein. This document is provided with no warranties whatsoever, including any warranty of merchantability, non-infringement, fitness for any particular purpose, or any 
other warranty with respect to any information, result, proposal, specification or sample contained or referred to herein. Any liability, including liability for infringement of any 
proprietary rights, regarding the use of this document or any information contained herein is disclaimed. No license, express or implied, by estoppel or otherwise, to any 
intellectual property rights is granted by or in connection with this document. This document is subject to change without notice. 

www.consens-spire.eu 

D
NYDD
NNYY

Process Dynamics 
and  
Operations Group 

m
ea

su
re

d 
qu

an
tit

y 

time 

m
ea

su
re

d 
qu

an
tit

y 

time 

pa
ra

m
et

er
 i 

parameter j 

y m
, E

x.
 1

 

time 

y m
, E

x.
 2

 

time pj,min pj,max 

p i,m
in

 
p i,m

ax
 

pj,min pj,max 

p i,m
in

 p i,m
ax

 

 The analysis based on the available data helps to decide if 
the available experimental data is sufficient for model-
based applications.   

 Economical analysis possible, as the experimental effort 
and the resulting effect on the parameter estimation can 
be calculated in advance  

 Problem formulation is not limited to specific sensor rates 
and is also applicable to multi rate applications  

 The models in this approach are used as black-boxes, thus 
the algorithm is not limited to any specific model 
structure and offers the option for a wide application in 
the process industry. 

 The space exploring character of the optimization 
problem is also applicable to various problems in the 
process industry. E.g. flexibility analysis of 
existing/planned plants, safety analysis, experimental 
design, test of control concepts, economical evaluations. 
 

 
 
 

Exploitation & Impact Assessment 

Ex.1 

Ex.1 
 +Ex.2 
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