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Abstract

In production and service processes, measurement is often required for process monitoring. Any type
of measurement may involve errors, and if these errors are not taken into account during process
monitoring, they can lead to significant losses. Therefore, examining and controlling measurement
errors is unavoidable. In this paper, the performance of the control chart for monitoring multivariate
normal processes in the presence of measurement error is first investigated using the classical additive
model and simple random sampling (SRS) in Phase II. Then, to reduce the effect of measurement error,
the use of standard ordered set sampling (standard RSS) and NRSS approaches is proposed, with
ranking based on principal component scores.

The performance of the proposed approaches is evaluated using simulation and performance criteria
including the average run length (ARL) and the standard deviation of run length (SDRL). The results
indicate the adverse impact of measurement error on the performance of the control chart and confirm
the significant effect of RSS-based sampling on improving the control chart’s performance despite
measurement error. An important point reported in the results is that in RSS-based methods for
multivariate processes, ranking the variables based on the first principal component yields better
outcomes.

Keywords: Measurement error, Multivariate processes, Ranked set sampling (RSS), Statistical process
control.

Introduction

In the monitoring of manufacturing and service processes, it is sometimes necessary to measure the
parameters of interest. One critical and often overlooked issue is the presence of measurement error.
The importance of this issue stems from the fact that, for instance, in certain industries such as
pharmaceutical and military sectors, the existence of such errors can lead to loss of life, while in other
fields, it may result in significant financial damages and losses. Therefore, employing methods capable
of mitigating the adverse effects of measurement error is essential. Measurement error can originate
from various sources, including operator mistakes, uncalibrated measurement instruments, rounding
errors, and others. Generally, in the context of measurement error, it is assumed that the true value of
the variable is unobservable and cannot be directly measured, and that the observed value is a distorted
version influenced by measurement error. Examining and controlling measurement errors is inevitable.
In statistical process control, control charts are used to detect variations in the process. If the
measurements have large errors, the actual changes in the process may not be correctly identified. Large
measurement errors can lead to wrong decisions, such as unnecessary stoppage of the production line
or ignoring real problems.

Methodology

In this study, we propose the application of sampling methods based on Ranked Set Sampling (RSS) to
mitigate the impact of measurement error. Ranked Set Sampling is a statistical sampling technique
designed to improve the efficiency and accuracy of parameter estimation. RSS has since found wide
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applications in various fields such as agriculture, environmental studies, industrial quality control, and
more. In Simple Random Sampling (SRS), samples are selected entirely at random without any prior
information about their values. Although straightforward and widely used, SRS is not always the most
efficient method in terms of precision and cost. RSS aims to improve estimation accuracy by
incorporating ranking information into the sampling process.

Ranked Set Sampling provides a smart and effective approach to statistical sampling, improving
precision while potentially reducing measurement costs. By leveraging ranking information, RSS
achieves better representation of the population without increasing sample sizes. Recent developments
and variations in RSS methodology have further expanded its applicability and efficiency across diverse
fields.

RSS has found applications across numerous domains, including Agriculture (Estimating average crop
yield, seed quality, or livestock weight), Environmental Science (Sampling pollutant concentrations or
wildlife populations), Industrial Quality Control (Monitoring production lines and reducing
measurement errors) and Medical Statistics (Conducting studies where precise measurement is costly
or invasive).

In statistical process control, the models used to account for measurement.error include the additive
model, multiplicative model, mixed model, four-component model, and two-component model.

In this paper, the performance of the 7°-Hotelling’s control chart for monitoring multivariate normal
processes in the presence of measurement error is initially investigated using the classical additive
model in Phase II. Subsequently, to mitigate the effect of measurement error in multivariate processes,
novel sampling approaches based on Ranked Set Sampling (RSS) are proposed. The methods employed
include standard RSS and Neoteric RSS (NRSS), which are extended to multivariate processes in this
study, with ranking performed based on principal component scores.

Results

The performance of the proposed approaches is evaluated through simulation using the performance
metrics of Average Run Length (ARL) and Standard Deviation of Run Length (SDRL). The results
indicate that the presence of measurement error significantly deteriorates the performance of the control
chart due to a substantial increase in both the average run length (ARL) and the standard deviation of
the run length (SDRL). Overall, the results demonstrate that the performance of the control chart using
the proposed method based on standard RSS and NRSS is‘superior, due to lower ARL and SDRL values
under out-of-control conditions, compared to the 7°control chart performance in the presence of
measurement error using simple random sampling. Furthermore, the performance of the proposed
standard RSS and NRSS method improves with increasing sample size n as well as increasing the
correlation coefficient between variables. Considering that the process is multivariate and there is
correlation among the variables, this study proposes the use of principal component scores for ranking
the correlated variables when applying the proposed RSS-based methods. The results also show that
ranking based on the first principal component generally leads to better outcomes, as evidenced by
lower ARL and SDRL values, compared to ranking based on the second principal component.
Therefore, it is recommended that, in the proposed approaches, ranking be performed according to the
first principal component.

Conclusion

In this paper, to reduce the effect of measurement error in multivariate processes, the use of standard
ranked set sampling and NRSS methods was proposed with ranking performed based on principal
component scores. Simulation results showed that using the proposed RSS-based sampling approaches
has a favorable impact on reducing the effect of measurement error. Moreover, the NRSS method
yielded better results compared to the standard RSS method. Regarding variable ranking, performing
the ranking based on the first principal component produces better outcomes. Using an auxiliary
variable for ranking could be a subject for future research in this area.
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Table ¢. ARL and SDRL values of standard RSS method under shifts in the mean vector of the process, n =4, p, =0.9and

sorting based on the first principal component
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Table 1. ARL and SDRL values of NRSS method under shifts in the mean vector of the process, n =3, p, =0.9and

sorting based on the first principal component
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Figure Y. Comparing ARL and SDRL of the proposed standard RSS method under shifts in the mean vector, n=3,
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