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Artificial intelligence-based endoscopic imaging system for monitoring particle size and
shape in real-time during pharmaceutical manufacturing
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Particle size is a critical quality attribute in pharmaceutical processes that must be monitored during
crystallization, granulation and pelletization. Traditional end-point determination methods do not allow for
real-time feedback control, and even small deviations in critical process parameters can lead to altered
product quality. In-line monitoring of pharmaceutical processes provides real-time information about the
system, enabling timely intervention in the case of out-of-specification products. In the current work, an
artificial intelligence-based image analysis method is proposed to monitor particle size and morphology during
fluid-bed processes, including pelletization and granulation.

The key components of the direct imaging system are a rigid fiber-optic endoscope, a light source and a high-
speed camera, which allow for real-time particle monitoring. Convolutional neural network (CNN)-based
instance segmentation algorithms were employed, utilizing two distinct models that were created specifically
for pellets and granules to ensure particle-specific analysis. The trained CNN models were able to successfully
detect the particles in focus and to exclude particles that are only partially or poorly visible. Comparison with
reference measurements, including laser diffraction and dynamic image analysis, confirmed the reliability of
the obtained particle size data. The instance segmentation approach also allowed for the assessment of shape
characteristics (circularity, convexity, aspect ratio) that influence particle flow properties. The endoscopic
system was tested in-line at a larger scale during the drug layering of inert pellet cores. The particle size data
acquired in real-time with the endoscopic imaging system corresponded with the reference methods,
demonstrating the feasibility of the proposed machine vision-based method as a process analytical technology
tool for in-line process monitoring.

The developed system offered valuable insight into the dynamics of particle size increase during granulation
and pellet layering. The machine vision-based endoscopic system can ultimately be used as an in-line sensor to
monitor fluid-bed processes and to detect the end-point. Furthermore, product failures such as pellet
agglomeration, which can affect product quality, can also be detected by the imaging system, enhancing its
ability to identify and monitor critical issues during manufacturing.

118




