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Purpose: This paper aims to develop and propose three new multivariate control charts based on the
MHWMA (Multivariate Homogeneously Weighted Moving Average) approach for monitoring
multivariate simple linear profiles in Phase II of statistical process control. The primary motivations
for this research are the limitations of existing methods in effectively detecting sudden shifts in profile
parameters and the need for more sensitive monitoring schemes that accommodate the multivariate
nature of regression relationships between dependent response variables and a single explanatory
variable.

Design/methodology/approach: To achieve the research objectives, three control methods—
MHWMA, MHWMA/y?, and MHWMA-2/MMECD—are developed, each employing a distinct
strategy for analyzing profile coefficients and covariance structures. The proposed charts use a
uniformly weighted moving average to enhance detection capability. Performance is evaluated using
the CVRL (Cumulative Variance of the Run Length) criterion via an extensive simulation study.
Additionally, a sensitivity analysis assesses the robustness and efficiency of the proposed methods
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with respect to their design parameters. Finally, two real-world case studies validate the applicability
and operational effectiveness of the proposed control charts.

Findings: The simulation results indicate that the MHWMA/¥*> monitoring method generally
outperforms the other two proposed methods in detecting deviations in multivariate simple linear
profiles across most scenarios. The sensitivity analysis demonstrates the stability and robustness of
the proposed charts under various parameter settings. Furthermore, the two case studies confirm the
effectiveness and practical applicability of the proposed control charts in real operational conditions.

Research limitations/implications: This research is limited to Phase II monitoring of multivariate
simple linear profiles. The proposed methods assume a known in-control profile model and normally
distributed errors. Future research directions include extending the proposed approaches to nonlinear
profiles, multivariate profiles with more than one explanatory variable, and Phase I analysis.
Additionally, investigating the performance of the proposed charts under non-normal error
distributions and auto-correlated data would be valuable.

Practical implications: The proposed control charts provide quality engineers and process managers
with effective tools for real-time monitoring of complex industrial processes in which product quality
is characterized by multivariate linear profile relationships. Implementing these charts can lead to
earlier detection of process disturbances, reduced nonconforming output, lower rework and scrap
costs, and improved overall process efficiency. The ease of interpretation and the demonstrated
superior performance of the MHWMA/y*> method make it a practical choice for industrial
applications.

Social implications: By enabling more effective quality monitoring in complex industrial processes,
this research contributes to improved product reliability and safety, directly benefiting consumers and
society at large. Enhanced process control can reduce material waste and energy consumption,
supporting environmental sustainability goals. Furthermore, the methodologies developed here can
inform industry standards and regulatory policies related to statistical quality control practices,
ultimately contributing to a higher quality of life through more consistent and reliable manufactured
products.

Originality/value: This paper introduces three novel control charts (MHWMA, MHWMA/y?, and
MHWMA-2/MMECD) for monitoring multivariate simple linear profiles, extending the application of
the MHWMA framework to a previously unaddressed area. The proposed MHWMA/y¢*> method, in
particular, demonstrates superior detection performance compared to existing alternatives. The
comprehensive evaluation using the CVRL criterion, sensitivity analysis, and real case studies
provides strong empirical support for the proposed methods. This research offers significant value to
academic researchers in statistical process control as well as industrial practitioners seeking more
sensitive tools for profile monitoring.
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