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Abstract

Today, in many statistical process monitoring applications, variables are used that,
in addition to focusing on the distribution of variables, the existence of a significant
correlation between them is also considered. In these applications, there are several
processes are defined as quantitative and qualitative multivariate. So far, various
researches in the field of quantitative multivariate process monitoring have been
presented considering different conditions for the process. But what has received less
attention from researchers is the monitoring of qualitative multivariate processes with
classified characteristics. It is noted that, various researches in the field of nominal
multivariate process monitoring have been conducted. In this research, some schemes
have been presented to monitor the multivariate categorical processes based on ordinal
contingency tables in both Phases | and Il. To this aim, first, the Phase | monitoring
has been done. In this Phase, two statistics including MR and standard likelihood ratio
test are developed to monitor the ordinal log-linear model based processes in terms of
power criterion. Note that, to impose shift in parameters, three types including step
shifts, drifts and with presence of outlier are considered. In addition, in Phase |
monitoring, the log-linear model parameters are unknown and should be estimated. In
this research, Newton-Raphson alonge with Beh algorithms are used to estimate the
intercept, individual effects and interactions, respectively. Simulations results show
that the MR control chart has better performance than another scheme to detect the
out-of-control condition under small and moderate shifts in all ordinal log-linear
model parameters. In addition, to show the efficiency of the proposed schemes in real
word, a real case study in pharmaceutical industry during six months has been used.
In this research, three statistics including MR, MG-p and multivariate ordinal-normal
are proposed to monitor the multivariate processes based on ordinal contingency table
in Phase 1. Results from simulation studies show that MR control chart outperform
the MG-p chart in detecting out-of-control condition under small and moderate shifts
in log-linear model parameters in terms of average run length. In addition, the
multivariate ordinal-normal control chart has better performance than MG-p in
different small and moderate shifts in model parameters. Furthuremore, to show the
efficiency of the proposed schemes in real area, two numerical examples in
telecommunication industry and health-care systems are considered. The results of
this section also confirm the results of the simulations.

Keywords: Statistical process monitoring, contingency table, ordinal log-linear
model, control chart.
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