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Abstract

Purpose: Multivatiate and multi-state processes refer to types of processes that involve a large number of variables at each
production stage, which may be interrelated. The objective of this study is to propose a novel approach for selecting, reducing,

and defining new control variables in complex manufacturing processes, enabling more effective and efficient quality control.

Methodology: This study employs an applied, descriptive research methodology. Machine learning techniques and dimensionality
reduction methods, such as Principal Component Analysis (PCA), are utilized, along with regression and correlation analysis. To
evaluate the proposed method, a case study was conducted using real production data from the slab manufacturing process at
Mobarakeh Steel Company in Isfahan.

Findings: The slab production process consisted of three main stages: furnace, secondary metallurgy, and casting. In each stage,
the proposed method was applied to reduce the number of control variables. For instance, in the furnace unit, nine initial variables
were grouped into three clusters, and correlation and PCA were applied within each group. Key variables were extracted, and
experts validated the results. The findings indicated that this approach effectively reduces the number of quality-related variables.

Originality/Value: The novelty of this research lies in integrating machine learning and dimensionality reduction techniques to
optimize quality control in multistage, multivariate processes. This method provides an effective tool for quality engineers and
process analysts, particularly when traditional methods prove ineffective.
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! Principal Component Analysis (PCA)
2 Statistical Quality Control (SQC)
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1SAS ® Multiple
2 PRINCOMP 6 Correlated
3 False alarm " Prediction based

4 Multivariate statistical process control 8 Signal base
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Figure 1- Study guide algorithm for quality control in the slab production process.
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Figure 2- Slab production stages at Mobarakeh Steel Company.
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Table 2- Variables related to the EAF furnace process.
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Table 3- Examining the correlation between variables in the first phase of production.
MELT %C %P FINAL EAF %P LF FIRST

MELT %C 1.000 0.342 -0.003
%P FINAL EAF 0.342 1.000 0.868
%P LF FIRST -0.003 0.868 1.000
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Table 4- Main components related to the first phase of production.

VAR PC
YIELD 0.803
YIELD-EAF 0.828
LIME(Kg/ton) -0.566

DOLOMITO(kg/ton) -0.573
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Figure 3- PC factor loadings.
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Table 5- Variables related to the casting process.
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Table 6- Main components related to the third phase of production.

VAR PC1 PC2 PC3
QLY ACT -0.578 0.394 -0.159
SRDIACT  0.865 -0.003 -0.135
SRD2ACT  0.846 -0.017 -0.158
SRD1PLAN  0.865 -0.183 -0.175
SRD2PLAN  0.866 -0.185 -0.194
LADLE(kg)  -0.145 -0.536 -0.044
TUND(kg) -0.350 -0.723 -0.262
YIELD 0.388 0.880 0.228
SLAB 0.095 0.160 -0.221
SUPER 0.019 -0.108 -0.890
HEAT

AVERAGE  0.369 -0.353 0.819
TUND TEMP

PICKUPN2  -0.225 -0.040 0.032
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