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Problem Statement: Monitoring, control and real time release in the manufacture of pharmaceutical products 

require rational design and reliable operation of a suitable sensor network. In practice, trade-off must be made 

between sensors’ cost and sensor network performance in achieving these functions. Sensor network design 

(SND) is a systematic approach to determine the optimal system configuration (e.g., the number, locations, and 

types of sensors) by solving an optimization problem, where the objective is to minimize the total cost or 

maximize a selected sensor network performance metric subject to cost and operational constraints. The 

constraints of this optimization problem arise from certain pre-specified requirements, such as system 

observability, measurement redundancy, estimation reliability and error detectability. To the best of our 

knowledge, limited work has been reported on the systematic SND for continuous pharmaceutical processes.  

Objectives:  The contribution of this project is two-fold. First, from the monitoring perspective, the sensor 

network should provide reliable measurements, based on which key unmeasured critical quality attributes 

(QCAs) can be accurately estimated. This requires the sensor network to possess appropriate observability of 

QCAs, sufficient redundancy to compensate for measurement noise and strong robustness to gross errors and/or 

sensor failures. We will develop a monitoring-focused SND framework, which incorporates aspects of state 

estimation, data reconciliation (DR) and gross error detection (GED). Second, from the fault detection 

perspective, measurements of the sensor network should facilitate the identification of malfunctions or failure in 

the process equipment. To address this aspect, we will develop an SND strategy, which incorporates efficient 

identification and diagnosis of known faults. Both frameworks will be tested using simulation as well as 

experimental studies on a continuous dry granulation line. An area of potential future work would be to extend 

the proposed framework to consider the role of SND in maximizing dynamic process robustness. 

Methods and Materials:  
1. Develop models and design experiments to systematically and efficiently analyze correlations between 

uncertainties associated with specific sensor measurements and accuracy of estimates of key unmeasured 

CQA’s. 

2. Evaluate and compare performance of different DR and GED techniques on the granulation line 

3. Implement efficient solution strategies to solve the resulting DR and GED problems in real time 

4. Develop appropriate metrics for SND focusing on state monitoring and fault detection. 

5. Present and solve SND problems using the proposed metrics while considering requirements on performance 

targets, such as observability, redundancy, reliability and robustness.  

6. Test different designs based on the use of simulations and actual implementation in the dry granulation line 

 

Anticipated Impact:  

1. A suite of DR and GED strategies for dry granulation lines which can be used as templates for industry 

member application 

2. An efficient code for solving the resulting DR problem in real time and a recommended set of statistical 

tests for GED 

3. A set of metrics indicating value of information in sensor networks based on different SND purposes, 

such as state monitoring and process fault detection. 

4. A generalizable framework for analysis, design, and implementation of sensor networks in continuous 

pharmaceutical processes 
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