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Abstract 

In the textile industry, detecting fabric defects is crucial for maintaining product quality and 

ensuring efficient production. With the integration of advanced technologies, including 

machine learning, computer vision, and statistical process control (SPC), textile manufacturers 

can significantly enhance their defect detection capabilities. This paper explores various 

modern techniques used to detect defects in textile fabrics, focusing on methods that utilize 

machine learning algorithms, image processing, and integrated quality control systems. These 

methods not only improve defect detection accuracy but also reduce manual inspection time 

and minimize human error. Furthermore, the paper examines the role of sustainable quality 

control practices in ensuring long-term efficiency and reducing waste in the production 

process. The study synthesizes key research findings to provide a comprehensive overview of 

state-of-the-art defect detection techniques in textile manufacturing. 
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Introduction  

The textile industry is one of the largest sectors worldwide, and its success hinges on the 

consistent production of high-quality fabrics. With an ever-increasing demand for superior 

products, quality control has become a pivotal aspect of textile manufacturing. Traditionally, 

fabric inspection has been a manual process carried out by trained personnel. However, manual 

inspection is prone to human error, fatigue, and inconsistency, leading to significant challenges 

in maintaining high-quality standards throughout the production process. As competition in 

the global textile market intensifies, manufacturers are exploring innovative ways to automate 

fabric inspection and defect detection to stay competitive and reduce costs. 

The application of advanced technologies, such as machine learning, computer vision, and 

statistical process control (SPC), has revolutionized the fabric defect detection process. These 

technologies allow manufacturers to detect defects in real-time with high accuracy and 

efficiency, significantly reducing the need for manual intervention. Machine learning 

algorithms, in particular, have shown promise in identifying complex patterns and anomalies 

in fabric textures that are difficult to detect with traditional methods . By using these 
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technologies, textile manufacturers can improve the quality of their products, reduce waste, 

and enhance production efficiency. 

The need for automated systems in textile quality control has led to the development of 

integrated quality control systems, combining statistical methods with real-time monitoring. 

Such systems provide continuous feedback to operators, allowing them to make timely 

adjustments in the production process, thereby minimizing the occurrence of defects . The 

importance of sustainability in the textile industry has also driven the adoption of 

environmentally friendly practices in quality control. Sustainable quality control methods 

reduce the environmental impact of textile manufacturing by minimizing waste and optimizing 

resource use . 

This paper focuses on the exploration of these advanced techniques and their application in 

textile defect detection. The methods discussed in this paper include machine learning-based 

approaches, image processing techniques, and SPC tools, all of which aim to provide more 

accurate and efficient quality control solutions for the textile industry. The study synthesizes 

recent research findings to offer a comprehensive understanding of these techniques and their 

potential benefits for textile manufacturers. 

 

Methodology  

In this study, a systematic review of existing literature on fabric defect detection techniques 

was conducted. The research focused on articles published in peer-reviewed journals, 

primarily within the last five years, to ensure the inclusion of the most up-to-date methods and 

technologies. The selected studies were analyzed to extract information on various defect 

detection methods, including machine learning, image processing, and SPC techniques. 

Additionally, the study examined the integration of these methods into industrial textile 

manufacturing systems, assessing their impact on quality control and production efficiency. 

The findings from these studies were compared and synthesized to provide a detailed overview 

of the effectiveness and limitations of each method. Data on defect detection accuracy, time 

efficiency, and cost-effectiveness were collected and analyzed to present a clear picture of the 

current state of automated fabric inspection. 

 

Results and Discussion  

The results of the literature review reveal a growing trend in the adoption of machine learning 

algorithms and computer vision systems for fabric defect detection in textile manufacturing . 

Machine learning approaches, such as convolutional neural networks (CNNs), have been 

particularly effective in detecting complex defects in fabrics with intricate textures . These 

models are trained on large datasets of fabric images, enabling them to identify subtle patterns 

and anomalies that may indicate defects . Computer vision techniques, such as edge detection 
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and texture analysis, have also shown promise in improving the accuracy of defect detection 

in real-time. 

One of the key advantages of using machine learning in fabric defect detection is its ability to 

process large volumes of data quickly and accurately. This reduces the reliance on human 

inspectors and minimizes the chances of defects going unnoticed. Moreover, machine learning 

models can be continuously updated and improved as new data becomes available, ensuring 

that the system remains effective over time. 

Statistical process control (SPC) plays a crucial role in maintaining product quality by 

monitoring the production process and identifying variations that may lead to defects . By 

integrating SPC with real-time defect detection systems, manufacturers can achieve a more 

proactive approach to quality control. This combination allows for immediate corrective 

actions to be taken when defects are detected, reducing waste and improving overall efficiency. 

While these advanced techniques offer significant benefits, there are also challenges to their 

implementation. High initial costs, the need for specialized equipment, and the complexity of 

integrating these systems into existing production lines are some of the barriers faced by 

manufacturers. However, as technology continues to evolve, these challenges are expected to 

diminish, making automated defect detection more accessible to a wider range of textile 

manufacturers. 

 

Conclusion  

The implementation of advanced technologies in fabric defect detection has revolutionized 

quality control in the textile industry. Machine learning, computer vision, and SPC have 

proven to be effective tools for improving the accuracy and efficiency of defect detection, 

reducing the reliance on manual inspection, and enhancing overall production quality. The 

integration of these technologies into textile manufacturing processes has resulted in 

significant cost savings, improved product quality, and reduced waste. 

This study highlights the potential of these advanced techniques in transforming the textile 

industry by providing more accurate and efficient defect detection solutions. The findings 

suggest that machine learning algorithms, particularly CNNs, are well-suited for identifying 

complex defects in fabrics with intricate textures. Additionally, the use of SPC in conjunction 

with real-time monitoring systems allows manufacturers to take immediate corrective actions, 

further enhancing the quality of textile products. 

While there are challenges to the implementation of these technologies, such as high initial 

costs and the complexity of integration, the long-term benefits far outweigh these drawbacks. 

As technology continues to advance, the adoption of automated defect detection systems is 

expected to become more widespread, offering textile manufacturers a competitive edge in the 

global market. 
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