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Some questions for you 
• Do you have any parameter that measures the quality of your product? 
• Do you have any which are relevant to measure you? 
• Do you use any kind of process monitoring system in your industry? 
• Does your process monitoring system allow you to know the causes of your defects in your products? 

Motivation 

Among the functionalities of the Zero Defects Manufacturing Platform (ZDMP) is process and product quality 
monitoring, which allows the detection of faults and then to explore the causes of such faults. A fault is a deviation of 
the system from acceptable operating conditions. Those faults can lead to failures which are permanent interruptions 
of the process to perform a required function under specified operating conditions. The impact of failures can range 
from nuisances to disasters. Examples include: The Seveso facility in 1976 in Italy [1], the Bhopal facility in 1984 in 
India [2] or the more recent Deepwater Horizon oil spill in 2010 which killed 11 crew members and released nearly 
210 million gallons of oil, and is estimated to cost over $90 billion [3]. Fortunately, these major accidents are 
infrequent, and in most cases, faults lead to ‘just’ poor product quality or accelerated machine tool wear. The 
installation of a process and product quality monitoring system can minimize these unwanted situations by not only 
identifying them, but also diagnosing the causes of such situations which will derive in a better process understanding 
and allowing corrective actions to be taken in the future. To accomplish this, ZDMP implements a Multivariate 
Statistical Process Control methodology. 

Multivariate Statistical Process Control 

The objective of the Multivariate Statistical Process Control (MSPC) strategy is to monitor the performance of a 
process over time verifying that certain product variables remain close to their desired values [4]. Here there are two 
scenarios: Unsupervised and supervised. 

In the unsupervised scenario, no product quality variable is available. This is common in SMEs because of lack of 
resources to perform quality tests or due to technical difficulties to obtain product quality data. The best algorithm to 
overcome this situation is Principal Component Analysis (PCA). PCA allows monitoring of the product quality by using a 
few multivariate control charts built from multivariate statistics which can be thought of as process performance 
indices, or process wellness indices [5]. 

 



 
 

 
The MSPC methodology is based on a two-phase process [6] (see Error! Reference source not found.). In phase I, a 
PCA model is trained using process data under Normal Operating Conditions (NOC). In order to achieve this, some 
data cleaning has to be performed (possible missing data imputation, outlier removal etc). Once the model is trained, 
the Upper Control Limits (UCL) of two statistics are computed (Squared Prediction Error and T2 Hotelling’s statistic). In 
a second phase, the model is used for prediction and when a new observation is received the two statistics are 
computed. Then, if some (or both) of those statistics are over its corresponding UCL it can be suspected that the 
process is outside normal conditions and the product is susceptible of presenting some defects. Another important 
aspect of this methodology is that once an abnormal situation is detected, contribution plots derived from the 
corresponding statistics can be used to know which variables are responsible of such anomaly. This contributes to a 
better process understanding. 

If both process variables and product quality data are available (supervised scenario), the same MSPC methodology 
can also be applied by using multivariate statistical predictive models based on projection to latent structures such as 
PLS (Partial Least Squares) [7]. 

Challenges in Industry 4.0 

ZDMP must be able to face problems related to Industry 4.0 environments, which implies the use of Industrial Internet 
of Things (IIoT) devices. Here the high amount of sensors provides hundreds or even thousands of data points every 
second. On the other hand, factories usually produce more than one product which forces machines to operate at 
different process conditions. This situation infers that the normal conditions for one type of product could be 
“abnormal” to produce another type of product, so the model trained in each case must be different. This is known as 
multimode process monitoring [8]. In order to implement a system as autonomously as possible, it must include 
“change point detection capabilities”, which allows the system to identify process changes and decide when the 
model is no longer valid and must be changed. Monitoring multimode continuous process requires: 

• Multimode data characterization using clustering methods 
• Development of a monitoring scheme distinguishing between modes and faults. This can be achieved using the 

above MSPC methodology 

What will ZDMP achieve 
The Anomaly Detector application, one of the zApps implemented in ZDMP, will make use of the above MSPC 
methodology to help process engineers to monitor the production process in order to detect anomalies and find their 
causes. By finding assignable causes, long-term improvements in the process and in product quality can be achieved 
by eliminating the faults present in abnormal situations, and thus improving the process and reducing the product 
defects. 



 
 

References/Acknowledgements 
[1] B. Eskenazi, M. Warner, P. Brambilla, S. Signorini, J. Ames, and P. Mocarelli, ‘The Seveso accident: A look at 40 

years of health research and beyond’, Environment International, vol. 121, pp. 71–84, Dec. 2018, doi: 
10.1016/j.envint.2018.08.051. 

[2] B. Bowonder, ‘The Bhopal accident’, Technological Forecasting and Social Change, vol. 32, no. 2, pp. 169–182, 
Sep. 1987, doi: 10.1016/0040-1625(87)90038-2. 

[3] M. Lichtveld et al., ‘The Deepwater Horizon Oil Spill Through the Lens of Human Health and the Ecosystem’, Curr 
Envir Health Rpt, vol. 3, no. 4, pp. 370–378, Dec. 2016, doi: 10.1007/s40572-016-0119-7. 

[4] J. F. MacGregor and T. Kourti, ‘Statistical process control of multivariate processes’, Control Engineering 
Practice, vol. 3, no. 3, pp. 403–414, Mar. 1995, doi: 10.1016/0967-0661(95)00014-L. 

[5] T. Kourti, ‘Application of latent variable methods to process control and multivariate statistical process control 
in industry’, Int. J. Adapt. Control Signal Process., vol. 19, no. 4, pp. 213–246, May 2005, doi: 10.1002/acs.859. 

[6] H. Martens and T. Næs, ‘Multivariate Calibration’, in Chemometrics, B. R. Kowalski, Ed. Dordrecht: Springer 
Netherlands, 1984, pp. 147–156. 

[7] A. Ferrer, ‘Multivariate Statistical Process Control Based on Principal Component Analysis (MSPC-PCA): Some 
Reflections and a Case Study in an Autobody Assembly Process’, Quality Engineering, vol. 19, no. 4, pp. 311–325, 
Oct. 2007, doi: 10.1080/08982110701621304. 

[8] M. Quiñones-Grueiro, A. Prieto-Moreno, C. Verde, and O. Llanes-Santiago, ‘Data-driven monitoring of 
multimode continuous processes: A review’, Chemometrics and Intelligent Laboratory Systems, vol. 189, pp. 56–
71, Jun. 2019, doi: 10.1016/j.chemolab.2019.03.012.[9] . 

 


	Fault detection and diagnosis in Industry 4.0
	Some questions for you
	Motivation
	Multivariate Statistical Process Control
	Challenges in Industry 4.0
	What will ZDMP achieve
	References/Acknowledgements


