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Abstract 

Smart manufacturing had a high impact in recent years within the inspection and quality assurance processes, providing innovative 
technologies in machine learning. Consequently, the article presents a systematic review of the applications of automation to 
statistical quality control in companies in the industrial sector, deriving subtopics such as artificial vision, intelligent manufacturing, 
inspection in the different production processes, neural networks, automation through statistical process control techniques and 
finally quality assurance, in addition, a general analysis of them is shown. Additionally, it is shown that these technologies improve 
automated manufacturing processes, making them more efficient, with better performance and productivity, also contributing to 
the optimization of time, cost reduction, strengthening of inspection, and quality assurance. Finally, future research opportunities 
for industrial applications are identified. 
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1. Introduction 

In the context of industries, in recent years, tools and new methods have been implemented to promote production 
processes and the global operation of companies due to current market demands, which requires high quality and 
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variety in all products, prompting manufacturing companies to implement highly adaptable production lines [1–3]. A 
smart factory can face all the disruptions of the market, the supply chain, or even the factory itself [4]. For this reason, 
quality 4.0 is shown as a modern form of quality management because digital technologies used along with more 
sophisticated methods and intelligent processes allows high-performance teams to provide consumers with high-
quality products [5]. Consequently, it is essential to study the current state of quality control assurance techniques in 
smart manufacturing in the industrial sector to know the impact of automation technologies on industry control 
processes. Despite being automated, a process is not exempted from inspection, and recent technologies allow the 
accomplishment of this task. S. Fahle, C. Prinz, and B. Kuhlenkötter [6] reviewed the manufacturing processes by 
identifying artificial intelligence (A.I.) methods for field applications. A systematic review of the application of the 
techniques included all methods that ML currently uses in the context of manufacturing and how these technologies 
are linked to different activities in the industrial sector (planning and control of the manufacturing process, predictive 
maintenance, quality control, control and optimization of processes, logistics, robotics, assistance, and learning).This 
work aims to study the current state of the art and the smart manufacturing applications focused on inspection and 
quality assurance. Therefore, this article is structured as follows: Section 2 presents the methodological approach used, 
section 3 shows the systematic review results, and section 4 shows the main conclusions and research opportunities 
identified. 

2. Methods 

In the first instance, the aspects of a systematic review of the literature were determined, within the framework of 
the problem addressed, from which keywords such as "quality", "automation", "statistical control," and "intelligent 
manufacturing" were derived. In addition, the inclusion criteria included: year (2010 - 2021), type of access (open 
access), type of article (review articles - research articles) for the research carried out. Databases such as Scopus and 
ScienceDirect were used to carry out this research. Initially, fifty results were found related to the topic that was 
addressed, from which a set of eighteen documents were selected which address the techniques used in the inspection 
processes and quality control, which are related to 4.0 technologies. The following research question was defined: 
What impact does the application of automation generate to statistical quality control in production processes in 
companies in the industrial sector? 

3. Results 

3.1. Systematic literature review 

Table 1 presents a summary of the most relevant methods and applications identified through the literature review. 

Table 1. Summary of methods and applications 

Subtopic Application  Method Reference 

Machine learning Improve processes reducing 
costs. 

Advanced ML models, Edge cloud 
computing technology. 

[7], [8]  

Artificial vision Avoid incorrect operations 
or failures of operation. 

 

Real-time defect detection. 

 

SMCMM, machine vision-based 
identification of broken inserts. 

Visual Image Processing 
Algorithm, Siamese Networks. 

[9] 

 

 

[10], [11] 
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Inspection Statistics to measure and 
evaluate control loops and 
evaluation of quality control. 

Support to smart inspection 
and corrective actions. 

Identify objects with 
significant variants for the 
quality control process. 

Anomaly detection. 

 

 

Classic approach with Gaussian 
measurements and performance 
indicators. 

Neural Network actuators and 
collaborative robots. 

 

Time-sensitive networking 
commuters. 

 

Comparison of next-generation 
approaches. 

 

[12] 

 

[13] 

 

[14] 

 

 

[15] 

 

Neural networks Define actual modelings, 
identify dimensional patterns 
and classify profiles. 

 

Neural Networks, Artificial Neural 
Networks.  

[16], [10]. 

Statistical process control Improve small batch 
production and process 
capacity. 

Automate, control, and 
optimize production processes. 

Typical SPC algorithm - six sigma 
methodology. 
 

[17], [18],  

[19]. 

Quality Assurance 

 

Monitor Digitization and 
industrial automation 
implementation 

 

Control and supervision for 
decision making 

 

Reduce post-processing and 
increase measurement 
reliability 

 

Holistic System monitoring with 
143 key performance indicators.  

 

Intelligent control system 

 
 
Computer-assisted route 

[20] 

 

 

[21] 

 

 

[22] 

Smart manufacturing Smart Manufacturing 
Capability Assessment 

Process improvement and 
operation with robots 

SMCMM 

 

Reinforcement learning 

[23] 

 

[13] 

3.1.1. Machine learning 
ML is usually presented as an approach used for the inspection of smart manufacturing and impacts the quality 

control systems of industries. [13] integrates reinforcement learning (R.L.) algorithms in the interaction between 
company employees and collaborative robots, allowing the process to be automated and supports intelligent inspection 
and subsequent corrective actions of an intelligent system built depending on the type of parts being inspected. 
Likewise, ML is the central axis of [7], highlighting more advanced ML models that sought to mitigate the impact of 
costs derived from manual inspections and reduce pre-production times. [8] also exposes ML and its applications for 
the benefit of quality with predictive models that fundamentally start from the collection and analysis of data, 
generating fewer elements to be inspected and economic advantages. The recent advances in machine learning for 
industrial applications include a wide variety of techniques and algorithms that have focused on process control [24], 
quality control [25], raw materials classification  and chemical properties improvements [26]. 
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3.1.2. Artificial vision 
Q. Xia et al. [23] use artificial vision and robots to support the quality of the processes with the detection of faults 

through the implementation of a hybrid model that includes automated sections jointly participating in the evaluation 
of SMCMM correlating dimensions, criteria and levels that allow determining the feasibility of the application of the 
model in a manufacturing company. Likewise, [10] implemented artificial vision in real-time, with classical 
algorithms that processed images of the edges of profiles in a production line for extrusion of rubber seals and 
subsequently determined the quality of the studied product considering dimensional precision. In [11], a combination 
of machine vision and Siamese Networks approach to image recognition was performed, revealing defects in the steel 
in real-time and can be remotely inspected without causing damage.  

3.1.3. Inspection Support 
P. D. Domański et al. [12] measured the effectiveness of the process in an ammonia production plant evaluating 

five performance indicators. They used robust and asymmetric statistics to evaluate and measure the control loops of 
the data generated in the production process. The collaborative robots implemented in [13] support smart process 
inspection. However, its function was not limited solely to inspection but corrective actions in quality control systems, 
beneficial for subsequent decision-making related to the growth of the industrial process. J. Popper et al. [14] presented 
the implementation of technologies that led to inspection with Time-Sensitive Networking (TSN) computers for 
quality control of objects identified with significant variants in a production environment synchronizing with an edge 
device in microseconds with a real-time network. This type of implementation shows a much more reliable visual 
quality control, especially in ongoing production. In [15], comparative anomalies of the latest generation approaches 
(ABOD, LOF, onlinePCA, and osPCA) are detected during the inspection. Angle-based outliers (ABOD) were 
subsequently identified employing an OsPCA principal component analysis to finally be compared with a Monte Carlo 
cross-validation (MCCV) procedure. 

3.1.4. Neural networks 
In [16], they apply a holistic approach to perfect predicting the quality of the parts, which simplifies and automates 

the necessary data processing steps. It was carried out with the use of ANN and other methods; to use the adaptive 
model in real-time production processes. Subsequently, in [10], they show a case study, where neural networks were 
presented to identify the different patterns in the dimensions of the studied profiles and classify them, which allowed 
cost reduction. 

3.1.5. Statistical process control 
In [17], the authors demonstrates the adaptability of common SPC solutions suitable to produce parts and small 

batches and presented the possibility of using Shewhart control charts to obtain a fair evaluation of the processes and 
thus reduce the cost of actions for quality improvement. Likewise, in [18], the SPC and Six Sigma metrics implement 
to evaluate the processing capacity and reduce the processing time in an Italian company belonging to the food 
industry. For a long time, the manufacturing industry has sought the total automation of the processes for the 
processing; for this reason, in [19], they carry out an analysis of SPC applied to the processes of wear of tools. Also, 
[27] shows the interrelation between SPC, TPM, and APC as a coherent and successful fusion for the technical control 
of production processes. He structured the models to provide an overview of their functions and opened a door for the 
possible prescription, description, and improvement of control in industrial settings. 

3.1.6. Quality Assurance 
 In [20], they show a holistic monitoring system that ensured the implementation of A.D. 143 performance 

indicators were used for the application in nine dimensions, all of the above was integrated with the objective to 
contribute to continuous improvement. In addition, [21] presents a general description of the different approaches 
used for failure forecasting, the challenges, and emerging trends related to automated assistance for supervisory 
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control.  Finally, [22] presents technologies that can contribute to the improvement of the inspection in the injection 
manufacturing process used for the molding of electromechanical parts; the above was achieved with the integration 
of methods and the use of algorithms of recognition of specific characteristics. 

 
3.1.7. Smart Manufacturing 

Smart manufacturing is known as advanced manufacturing, where technologies are integrated with the 
manufacturing system; in [23], they expose an empirical method for measuring the performance of the smart factory 
and to evaluate the capabilities of a company using four facets and the use of customizable roadmaps for business set-
up. Also, in [13], they propose an innovative approach with the use of robots to support intelligent inspection and then 
the respective corrections of the quality control systems in the manufacturing process; this is complemented by an 
intelligent system that implements an algorithm that allows a more robust approach. These technologies improve 
automated manufacturing processes, made them more efficient, with better performance and productivity, contributed 
to optimizing time, reducing costs, and therefore strengthening inspection and quality assurance.  

4. Conclusions 

This article analyzed the most relevant research related to the applications of automation to statistical quality 
control in companies in the industrial sector during the years (2010 - 2021), using a Systematic Literature Review 
methodology. Different sub-topics addressed inspection and quality assurance techniques, showing significant 
improvements in industrial contexts due to their implementation. The strengths and contributions that each method 
provides to the quality control of smart manufacturing processes in industries were identified. Several of these methods 
show great results by working in conjunction con others. It is pertinent to highlight that the analyzed papers at a 
general level contribute to the improvement of automated manufacturing processes, time optimization, cost reduction, 
and therefore the inspection and assurance of quality standards. As a future research proposal, it is recommended to 
continue studying automation technologies in quality control but focused on case studies due to the few investigations 
found on the subject. In addition, it is suggested that companies in the industrial sector evaluate the benefits of using 
artificial vision, given the optimal results shown by the analyzed research. 

References 

[1] Sarivan IM, Greiner JN, Díez Álvarez D, Euteneuer F, Reichenbach M, Madsen O, et al. Enabling real-time quality inspection in smart 
manufacturing through wearable smart devices and deep learning. Procedia Manuf., vol. 51, Elsevier; 2020, p. 373–80. 
https://doi.org/10.1016/j.promfg.2020.10.053. 

[2] Galvis Leal L, Orozco De Alba L, Romero-Conrado AR. Desarrollo, tendencias, aplicaciones y herramientas de la industria 4.0 en el 
sector textil. Boletín Innovación, Logística y Operaciones - BILO 2020;2:2–5. https://doi.org/10.17981/bilo.02.01.2020.15. 

[3] Romero-Conrado AR, Coronado-Hernandez JR, Rius-Sorolla G, García-Sabater JP. A Tabu list-based algorithm for capacitated 
multilevel lot-sizing with alternate bills of materials and co-production environments. Appl Sci 2019;9:6–9. 
https://doi.org/10.3390/app9071464. 

[4] Lin YJ, Wei SH, Huang CY. Intelligent Manufacturing Control Systems: The Core of Smart Factory. Procedia Manuf 2019;39:389–97. 
https://doi.org/10.1016/J.PROMFG.2020.01.382. 

[5] Javaid M, Abid Haleem, Pratap Singh R, Suman R. Significance of Quality 4.0 towards comprehensive enhancement in manufacturing 
sector. Sensors Int 2021;2:100109. https://doi.org/10.1016/j.sintl.2021.100109. 

[6] Fahle S, Prinz C, Kuhlenkötter B. Systematic review on machine learning (ML) methods for manufacturing processes - Identifying 
artificial intelligence (AI) methods for field application. Procedia CIRP 2020;93:413–8. https://doi.org/10.1016/j.procir.2020.04.109. 

[7] Goldman C V., Baltaxe M, Chakraborty D, Arinez J. Explaining Learning Models in Manufacturing Processes. Procedia Comput. Sci., 
vol. 180, Elsevier; 2021, p. 259–68. https://doi.org/10.1016/j.procs.2021.01.163. 

[8] Schmitt J, Bönig J, Borggräfe T, Beitinger G, Deuse J. Predictive model-based quality inspection using Machine Learning and Edge 



	 Maremys Galindo-Salcedo  et al. / Procedia Computer Science 198 (2022) 536–541� 541
6 Author name / Procedia Computer Science 00 (2018) 000–000 

   

 

Cloud Computing. Adv Eng Informatics 2020;45:101101. https://doi.org/10.1016/j.aei.2020.101101. 
[9] Fernández-Robles L, Azzopardi G, Alegre E, Petkov N. Machine-vision-based identification of broken inserts in edge profile milling 

heads. Robot Comput Integr Manuf 2017;44:276–83. https://doi.org/10.1016/J.RCIM.2016.10.004. 
[10] Stavropoulos P, Papacharalampopoulos A, Petridis D. A vision-based system for real-time defect detection: a rubber compound part 

case study. Procedia CIRP 2020;93:1230–5. https://doi.org/10.1016/J.PROCIR.2020.04.159. 
[11] Deshpande AM, Minai AA, Kumar M. One-Shot Recognition of Manufacturing Defects in Steel Surfaces. Procedia Manuf 

2020;48:1064–71. https://doi.org/10.1016/J.PROMFG.2020.05.146. 
[12] Domański PD, Golonka S, Marusak PM, Moszowski B. Robust and Asymmetric Assessment of the Benefits from Improved Control – 

Industrial Validation. IFAC-PapersOnLine 2018;51:815–20. https://doi.org/10.1016/j.ifacol.2018.09.260. 
[13] Brito T, Queiroz J, Piardi L, Fernandes LA, Lima J, Leitão P. A machine learning approach for collaborative robot smart manufacturing 

inspection for quality control systems. Procedia Manuf 2020;51:11–8. https://doi.org/10.1016/j.promfg.2020.10.003. 
[14] Popper J, Harms C, Ruskowski M. Enabling reliable visual quality control in smart factories through TSN. Procedia CIRP 

2020;88:549–53. https://doi.org/10.1016/j.procir.2020.05.095. 
[15] Susto GA, Terzi M, Beghi A. Anomaly Detection Approaches for Semiconductor Manufacturing. Procedia Manuf 2017;11:2018–24. 

https://doi.org/10.1016/J.PROMFG.2017.07.353. 
[16] Struchtrup AS, Kvaktun D, Schiffers R. Adaptive quality prediction in injection molding based on ensemble learning. Procedia CIRP 

2021;99:301–6. https://doi.org/10.1016/J.PROCIR.2021.03.045. 
[17] Kolosowski M, Duda J, Tomasiak J. Statistical process control in conditions of piece and small lot production. Ann DAAAM Proc Int 

DAAAM Symp 2015;2015-Janua:147–55. https://doi.org/10.2507/26th.daaam.proceedings.021. 
[18] Bottani E, Montanari R, Volpi A, Tebaldi L, Maria G Di. Statistical Process Control of assembly lines in a manufacturing plant: 

Process Capability assessment. Procedia Comput Sci 2021;180:1024–33. https://doi.org/10.1016/j.procs.2021.01.353. 
[19] Harris K, Triantafyllopoulos K, Stillman E, McLeay T. A Multivariate Control Chart for Autocorrelated Tool Wear Processes. Qual 

Reliab Eng Int 2016;32:2093–106. https://doi.org/10.1002/QRE.2032. 
[20] Schumacher A, Sihn W. Development of a monitoring system for implementation of industrial digitalization and automation using 143 

key performance indicators. Procedia CIRP 2020;93:1310–5. https://doi.org/10.1016/j.procir.2020.03.012. 
[21] Venkatasubramanian V. Process Fault Detection and Diagnosis: Past, Present and Future. IFAC Proc Vol 2001;34:1–13. 

https://doi.org/10.1016/s1474-6670(17)33563-2. 
[22] Bici M, Broggiato GB, Campana F, Dughiero A. Computer Aided Inspection Procedures to Support Smart Manufacturing of Injection 

Moulded Components. Procedia Manuf 2017;11:1184–92. https://doi.org/10.1016/J.PROMFG.2017.07.243. 
[23] Xia Q, Jiang C, Yang C, Zheng X, Pan X, Shuai Y, et al. A method towards smart manufacturing capabilities and performance 

measurement. Procedia Manuf 2019;39:851–8. https://doi.org/10.1016/j.promfg.2020.01.415. 
[24] Crawford B, Sourki R, Khayyam H, S. Milani A. A machine learning framework with dataset-knowledgeability pre-assessment and a 

local decision-boundary crispness score: An industry 4.0-based case study on composite autoclave manufacturing. Comput Ind 
2021;132:103510. https://doi.org/10.1016/j.compind.2021.103510. 

[25] Date K, Tanaka Y. Quality-Oriented Statistical Process Control Utilizing Bayesian Modeling. IEEE Trans Semicond Manuf 
2021;34:307–11. https://doi.org/10.1109/TSM.2021.3073954. 

[26] Batabyal A, Sagar S, Zhang J, Dube T, Yang X, Zhang J. Gaussian Process-Based Model to Optimize Additively Manufactured Powder 
Microstructures From Phase Field Modeling. ASCE-ASME J Risk Uncertain Eng Syst 2022;8. 
https://doi.org/https://doi.org/10.1115/1.4051745. 

[27] Schippers WAJ. An integrated approach to process control. Int J Prod Econ 2001;69:93–105. https://doi.org/10.1016/S0925-
5273(98)00243-6. 

 


