On the model-based monitoring of industrial batch crystallizers
Citation for published version (APA):
Porru, M., & Ozkan, L. (2016). On the model-based monitoring of industrial batch crystallizers. 107. Abstract
from 35th Benelux Meeting on Systems and Control, March 22-24, 2016, Soesterberg, The Netherlands,
Soesterberg, Netherlands.

Document status and date:
Published: 22/03/2016

Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 21. Jan. 2021

On the model-based monitoring of industrial batch crystallizers
Marcella Porru
Dept. of Electrical Engineering, CS
Eindhoven University of Technology
De Zaale, 5612 AJ Eindhoven
The Netherlands
Email: m.porru@tue.nl
1 Introduction
Crystallization is an important separation process to obtain
high value-added chemicals in crystalline form from liquid
solution in pharmaceutical, food and fine chemical industries. As most of the particulate processes, the quality of
the solid product is determined by its particle size distribution (PSD). The achievement of the desired quality targets
of the fine crystalline products relies on an efficient online
process monitoring for separation supervision and control.
However, hardware analyzers able to online measure the
PSD and the solute concentration are rarely available, due
to their costs [1]. These unmeasured process variables can
be estimated by state estimators that combine information
from the process model and secondary measurements. The
problem of designing state observers for online monitoring
the PSD evolution has been mostly addressed under the assumption that some PSD measurements were available (see
[6] and literature therein), which is not likely in practice.
This work proposes a methodology to asses the feasibility of
using common measurements (e.g. temperature and liquid
fraction) for estimation purposes based on local observability [2] and detectability [3] arguments. The results are supported using a data-derived technique, with data generated
by a simulation model of the industrial crystallizer. Based
on the results of the observability analysis, the structure of a
state estimator is proposed.
2 Observability analysis for the batch crystallizer
The effectiveness of the process monitoring with state observers depends on the observability and detectability of
the nonlinear model of the batch crystallization process.
Since temperature and liquid-fraction measurements are
commonly available in industry, the feasibility of observing
the PSD and the solute concentration through these measurements is evaluated. To this end, the observation spaces
are separately calculated for both measurements and the associated observability codistributions are analyzed. It was
found that the concentration is distinguishable while the
PSD is not. The results of the observability analysis are
supported by using the measures of topological relevance
(MTR) [5] on the self-organized map (SOM) [4], which is
a data visualization technique offering the possibility to display and quantify similarities among the behavior of process
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variable.
3 State detectors for online PSD monitoring
The previous results suggest to use a state detector where
temperature and liquid-fraction measurements are used to
correct the prediction of the temperature, solid concentration, crystallization volume and crystal production, while
the PSD is inferred though the model in ”open loop” fashion.
Preliminary simulation results of the estimator functioning
under the assumption of a crystallization process dominated
by the crystal growth phenomena show that the estimator
with the proposed structure is capable to give a better estimation than the model without corrections when the initial
conditions are affected by uncertainties.
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