Dezvoltarea de strategii de control
avansat si optimizare pentru
procese din industria farmaceutica
prinintegrarea conceptelor de digital
twin si machine learning
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Smart manufacturing

* Operational excellence
‘ * Predictive analytics for robust
operations

‘ Continuous manufacturing
* Integrated unit operations
* Steady state manufacturin

Batch manufacturing

@ -+ Individual unit operations ch

¢ Batch-to-batch variation

Quality-by-Control

* Quantitative and predictive
understanding leveraged for
integrated active process control with
robust process design and operation

QbD

Quality-by-Design
* Product and process understanding

Drug quality in development stages

Quality-by-Testing for systematic design of operating
* Quality based on end testing space using mechanistic models
and DoE

Product and process knowledge
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Digital Twin
Integrated framework of process
operation & analyses with high-

impact MODELS at the core.
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Hybrid/Adaptive Modeling

Model updates based on
plant measurements/changes [

Continuous monitoring and
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Abordarea controlului bazat pe model in
vederea dezvoltarii si optimizarii
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(1) Optimal look-up function

Optimization Problem

]

I I e

Control Parametric
u(t)=g(x’)

e
A

T e s e by

Jissssest

Control u(t) T Starile procesului X"

Perturbatii de intrare PLANT lesirea procesuluiy
w(t) T

I = Optimizarea online este inlocuita de o harta look-up
|

I = Inloc de optimizare online, controlul este obtinut prin evaluari de functii

|
| " Optimizare online via optimizare offline
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Setpoint Changes Tracking - noise

Simulation results for closed loop
setpoint changes tracking with noise

Noise is introduced to the real sensor
variability, sourced from historical plant
data

Design parameters selection - attenuates

oscillations arising from measurement
noise while maintaining a balance
between response time and the
propagation of the oscillations in the
control loop.

One can achieve damping of the
oscillations by reducing the controller's
aggressiveness
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Disturbance rejection - noise

Simulation results for closed loop
disturbance rejection with noise

Disturbances can occur throughout any of
the upstream unit operations , e.g,
during refill, within the feeder unit
operations, when the feeder changes
from gravimetric mode to volumetric

mode, leading to an increase in the bulk
density because of compression or a
decrease in bulk density given by aeration

Disturbance on the bulk density is given
by changes in step on the silica
concentration from the nominal value of
0.2% to 0.35% at t=250 s and from 0.2%
to 0.05% at t=300 s
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