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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 indus-
tries. As most of the particulate processes, the quality of
the solid product is determined by its particle size distribu-
tion (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 as-
sumption 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 observabil-
ity [2] and detectability [3] arguments. The results are sup-
ported 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 ob-
servers 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 mea-
surements is evaluated. To this end, the observation spaces
are separately calculated for both measurements and the as-
sociated 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 dis-
play and quantify similarities among the behavior of process

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 concentra-
tion, 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 esti-
mation than the model without corrections when the initial
conditions are affected by uncertainties.

4 Acknowledgments

This work has been done within the project Improve Process
Operation via Rigorous Simulation Models (IMPROVISE)
in the Institute for Sustainable Process Technologies (ISPT).

References
[1] L.L. Simon et al. (2015) Assessment of recent process
analytical technologies (PAT) trends: a multiauthor review,
Org. Process Res. Dev., 19, 3-61.

[2] R. Hermann and A.J. Krener (1977) Nonlinear con-
trollability and observability, IEEE Trans. Autom. Control,
AC-22 (5), 728-740.

[3] J. Alvarez and C. Fernandez (2009) Geometric esti-
mation of nonlinear process systems, J. Process Contr., 19,
247-260.

[4] E. Alhoniemi, J. Hollmen, O. Simula, J. Vesanto
(1999) Process monitoring and modelling using the self-
organized map, Integr. Comput. Aid. E., 6 (1), 3-14.

[5] F. Corona, M. Mulas,R. Baratti, J.A. Romagnoli
(2012) Data-derived analysis and inference for an industrial
deethanizer, Ind. Eng. Chem. Res., 51, 13732-13742.

[6] A. Mesbah, A.E. Huesman , H.J. Kramer, P.M. Van
den Hof (2011) A comparison of nonlinear observers for
output feedback model-based control of seeded batch crys-
tallization processes, J. Process Contr., 21 (4), 652-666.


