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Impact of Autocorrelation on Principal Components and Their Use in Statistical Process Control
A basic assumption when using principal component analysis (PCA) for inferential purposes, such as in statistical process
control (SPC), is that the data are independent in time. In many industrial processes, frequent sampling and process
dynamics make this assumption unrealistic rendering sampled data autocorrelated (serially dependent). PCA can be used
to reduce data dimensionality and to simplify multivariate SPC. Although there have been some attempts in the literature
to deal with autocorrelated data in PCA, we argue that the impact of autocorrelation on PCA and PCA-based SPC is
neither well understood nor properly documented. This article illustrates through simulations the impact of autocorrelation
on the descriptive ability of PCA and on the monitoring performance using PCA-based SPC when autocorrelation is
ignored. In the simulations, cross-correlated and autocorrelated data are generated using a stationary first-order vector
autoregressive model. The results show that the descriptive ability of PCA may be seriously affected by autocorrelation
causing a need to incorporate additional principal components to maintain the model's explanatory ability. When all
variables have equal coefficients in a diagonal autoregressive coefficient matrix, the descriptive ability is intact, while a
significant impact occurs when the variables have different degrees of autocorrelation. We also illustrate that
autocorrelation may impact PCA-based SPC and cause lower false alarm rates and delayed shift detection, especially for
negative autocorrelation. However, for larger shifts, the impact of autocorrelation seems rather small.
 
General information
State: Published
Organisations: Department of Applied Mathematics and Computer Science , Statistics and Data Analysis, Lulea University
of Technology
Authors: Vanhatalo, E. (Ekstern), Kulahci, M. (Intern)
Publication date: 2015
Main Research Area: Technical/natural sciences
 
Publication information
Journal: Quality and Reliability Engineering International
ISSN (Print): 0748-8017
Ratings: 
BFI (2017): BFI-level 1 
Web of Science (2017): Indexed Yes 
BFI (2016): BFI-level 1 
Scopus rating (2016): CiteScore 1.75 SJR 1.048 SNIP 1.446 
BFI (2015): BFI-level 1 
Scopus rating (2015): SJR 1.34 SNIP 1.632 CiteScore 1.71 
Web of Science (2015): Indexed yes 
BFI (2014): BFI-level 1 
Scopus rating (2014): SJR 1.118 SNIP 1.613 CiteScore 1.5 
Web of Science (2014): Indexed yes 
BFI (2013): BFI-level 1 
Scopus rating (2013): SJR 1.009 SNIP 1.703 CiteScore 1.41 
ISI indexed (2013): ISI indexed yes 
Web of Science (2013): Indexed yes 
BFI (2012): BFI-level 1 
Scopus rating (2012): SJR 0.739 SNIP 1.017 CiteScore 0.95 
ISI indexed (2012): ISI indexed yes 
BFI (2011): BFI-level 1 
Scopus rating (2011): SJR 0.592 SNIP 1.013 CiteScore 0.94 
ISI indexed (2011): ISI indexed yes 
BFI (2010): BFI-level 1 
Scopus rating (2010): SJR 0.523 SNIP 0.867 
Web of Science (2010): Indexed yes 
BFI (2009): BFI-level 1 
Scopus rating (2009): SJR 1.047 SNIP 1.286 
Web of Science (2009): Indexed yes 
BFI (2008): BFI-level 1 
Scopus rating (2008): SJR 0.81 SNIP 1.145 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Online Research Database In Technology

https://core.ac.uk/display/43255169?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Web of Science (2008): Indexed yes 
Scopus rating (2007): SJR 0.6 SNIP 1.058 
Web of Science (2007): Indexed yes 
Scopus rating (2006): SJR 0.694 SNIP 1.05 
Web of Science (2006): Indexed yes 
Scopus rating (2005): SJR 0.41 SNIP 0.714 
Scopus rating (2004): SJR 0.423 SNIP 1.103 
Scopus rating (2003): SJR 0.826 SNIP 0.953 
Scopus rating (2002): SJR 0.634 SNIP 0.842 
Scopus rating (2001): SJR 0.291 SNIP 0.636 
Scopus rating (2000): SJR 0.414 SNIP 0.867 
Web of Science (2000): Indexed yes 
Scopus rating (1999): SJR 0.308 SNIP 0.757 
Original language: English
Safety, Risk, Reliability and Quality, Management Science and Operations Research, Multivariate data, Principal
component analysis, Serial dependence, Vector autoregressive model, Autocorrelation, Process control, Statistical
process control, Auto-correlated data, Autoregressive coefficient, Monitoring performance, Negative auto-correlation,
Statistical process controls (SPC)
Electronic versions: 
qre1858.pdf 
DOIs: 
10.1002/qre.1858 
Source: FindIt
Source-ID: 2280951912
Publication: Research - peer-review › Journal article – Annual report year: 2015

 


