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Abstract

The utilization of multivariate-multistage quality control patterns is a
crucial necessity in continuous manufacturing industries. Within the
context of continuous production processes, this research highlights the
significant impact of incorporating multivariate control strategies to
enhance the trajectory of final product quality. Integrating deep learning
algorithms into the framework of multivariate-multistage quality control
methods in the motor oil industry results in noteworthy benefits,
including cost reduction in quality control, shortened production cycle
times, decreased manufacturing expenses, and heightened customer
satisfaction. This enhanced satisfaction can be attributed to the reduction
in failures of engine components in vehicles. This paper introduces a
substantial innovation by leveraging concatenated LSTM-CNN
autoencoder algorithms for fault detection in numerical data and utilizing
ResNet-DenseNet algorithms for analyzing image-based data. The



optimization of model parameters is realized through the application of
the GBC metaheuristic algorithm. Collectively, these innovations
significantly improve Fault detection and control processes within the
scope of this research. A practical case study of this research has been
conducted at "Almoot," a motor oil manufacturing company. In
summary, the proposed LSTM-CNN hybrid algorithm demonstrates a
15% improvement over the CNN algorithm and an 8% improvement over
the LSTM algorithm in error detection processes. In the task of
identifying Fault types, the LSTM-CNN hybrid algorithm outperforms
the CNN algorithm by 8% and the LSTM algorithm by 10%. In the realm
of visual components, the composite ResNet-DenseNet algorithm
showcases a 10% enhancement compared to the standalone ResNet
approach and a 4% improvement compared to the individual utilization
of the DensNet algorithm.

Keywords: QualityControl; Deep Learning; Fault Detection; Auto
Encoder.
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1. Recurrent Neural Network
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Pseudo code for the Henze-Zirkler Normality Test

Input: A list of data points named 'data'

Output: Result of the Henze-Zirkler Normality Test

Calculate the number of data points

input(n), n=length(data)

# Calculate the ranks of the data points using the rank data () function
ranks = rank data(data)

# Calculate the mean rank
Y. ranks

mean_rank =

n
# Calculate the z-scores for each data point
z_scores = [(rank - mean_rank) / sqrt(n) for rank in ranks]
# Calculate the squared z-scores sum
S =sum([z ** 2 for z in z_scores])
# Calculate the value of k using S and n
k=sqrt((S-n+1)/n)
# Calculate the test statistic
test_statistic=(n-1) * (1 - k ** 2)
# Input: Significance threshold 'threshold'
threshold = 0.05
if test_statistic > threshold:
# Output: "The data does not follow a normal distribution according to the Henze-Zirkler test."
else:
# Output: "The data follows a normal distribution according to the Henze-Zirkler test."
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ECDF and fitted normal CDF per column
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