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Multi-rate Sensor Information Integration
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Challenges in Chemical Industry:

Nowadays there are tight quality requirements that must be
met to be competitive on the global market. These quality
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measurements integrated into monitoring and control : :
systems. The provided information by PAT-sensors can be A = =
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combined with the information from other sensors to obtain
insight into the processes and to detect quality problems
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esq rl able at longer sampling in- available with a delay, but able with a delay and at
y' tervals at the same sampling rate longer sampling intervals

Full state information is required for Advanced Control Visualization of Multi-Rate Sensor Measurements [1]

Methods

PAT-sensors have commonly longer sampling intervals than
standard sensors (e.g. concentration vs. temperature)

Some PAT-sensors (e.g. NMR-spectroscopy) have usually
delays due to the measurement setup (feed line) and the
applied techniques (e.g. algorithms)

These issues need to be considered and handled appropriately

State Estimation Algorithms needs to be performed to gather
full state information

PAT-based sensors deliver information with unequal sampling
rates (e.g. concentration, viscosity, ...)

Goal: Integration of multi-rate sensor information into control

algorithms within state estimation techniques
Estimation results can be improved
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Overview of State Estimation Structure with Process, Process-Model, Sensors and Sensor-Model [1] Visualization of Fixed and Variable Structure of Measurements k

Multi-rate EKF is applied to a
reactive distillation column process

The estimated states converge
quick to the true plant states of
the process

Operating conditions are defined by:
Feed flow-rate (EtOH, DMC)
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Novel PAT-based Control Strategies

Novel PAT-based, adaptive, closed-loop control:

Nonlinear model-predictive control based on rigorous
process models

Economic optimization:
Iterative set-point optimization

State and parameter estimation:

Combined parameter and state estimation using multi-

Molar fraction of catalyst (diluted in EtOH Vo * < T\ o
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DAE-EKF on the case study [2]
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