Sensor Network Design and Value of Information Analysis for Continuous Pharmaceutical Manufacturing

[bookmark: _GoBack]Traditionally the pharmaceutical industry has employed batch manufacturing but with the advancement of Process Analytical Technology (PAT) by the FDA, there has been an impetus to move towards continuous manufacturing. This paradigm shift to continuous processing needs real time online measurement of Critical Quality Attributes (CQAs) and hence development of various sensing schemes for their measurement. The sensing schemes are new in the pharmaceutical industry for online measurement and are on a learning curve both for the industry and the FDA. One way to build confidence in on-line measurement of CQA’s is to use multiple sensors for monitoring the same CQA. Since, product quality is the main issue in pharmaceutical manufacturing, one strategy is to place as many redundant sensors as possible for each measurement. However, cost considerations implies that strategies needs to be balanced between benefit and cost. At present, there has been no clear cut approach on sensor network design in the pharma manufacturing setting, which includes sensor placement and number of sensors to be used for the measurement of any given quality attribute. 

In this work, an approach to sensor network design for continuous dry granulation line is studied. The existing literature on sensor networks has been in the gas and fluid processing areas of chemical and petro-chemical industry and has not considered the constraints posed by solid processing. The complexity of the physics underlying the processing and operation of the continuous granulation line adds to the problem as it makes it difficult to relate various quality parameters across locations at which a specific property is measured (nodes).

This study includes consideration of sensor placement for the measurement of various quality attributes on the manufacturing line and the benefit associated with redundant sensors. Data reconciliation and gross error detection are carried out to mitigate the bias associated with faulty sensors and correctly evaluate quality parameters. A value of information analysis is presented to calculate the additional benefit associated with multiple sensors on a given node of the sensor network. The methodology developed is general, includes identical and non-identical sensors on the network, and calculates the value for all sensor combination across the node. A data-driven model is derived to relate various quality parameter across multiple nodes. The analysis is expanded to include values from multiple nodes to provide the system wide value gained by having redundant sensors at different nodes. The results from the study are used to determine the optimal number of sensors on a node and can be used to carry out the economic analysis and determine the quality measurement and controller performance. 
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