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Abstract: 

The textile and apparel industry is undergoing a significant transformation driven by the adoption of artificial 

intelligence (AI). Traditionally characterized by labor-intensive processes and complex global supply chains, 

the industry now leverages AI to enhance efficiency, sustainability, and innovation. AI technologies such as 

machine learning, computer vision, and predictive analytics are being applied across the value chain—from 

fiber selection and fabric design to manufacturing, quality control, inventory management, and retail 

personalization. These advancements enable improved demand forecasting, reduced material waste, 

optimized production planning, and enhanced consumer experiences through customization and virtual try-

on systems. Moreover, AI supports sustainability initiatives by minimizing resource consumption and 

enabling circular fashion models. Despite its benefits, the integration of AI presents challenges including high 

implementation costs, data security concerns, and workforce skill gaps. This paper explores the current 

applications of AI in the textile and apparel sector, examines its impact on operational performance and 

sustainability, and discusses future opportunities and challenges shaping the industry’s digital transformation. 
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1.INTRODUCTION: 

Artificial Intelligence (AI) is no longer an experiment in textiles and apparel; it is an integral thread woven 

through design, manufacturing, supply chains, retail, and sustainability. Technologies such as machine 

learning (ML), deep learning, computer vision, generative AI, and digital twins are enabling data-driven 

creativity, real-time quality control, predictive analytics, and circular economy practices. As the industry 

grapples with the environmental and economic challenges of fast fashion, personalization, and global 

competition, AI is emerging as a key enabler of smart, sustainable, and resilient textiles.

 

2. AI IN TEXTILE MANUFACTURING 

2.1 Smart Factories & Digital Twins 

Integration of AI with Industry 4.0 and 5.0 technologies has created “smart factories.” Digital twin (DT) 

models, which mirror real-world machines and processes in a virtual environment, allow real-time 

monitoring, predictive maintenance, and energy optimization. A study cited by Kumar et al. (2024) showed 

that AI-driven DTs improve machine uptime, reduce waste, and help schedule dyeing and finishing with 

minimal environmental impact. Robotics equipped with AI-vision systems are increasingly used for yarn 

sorting, weaving adjustments, automated dye mixing, and robotic sewing, thus reducing human error and 

enhancing productivity. 

 

2.2 Automated Fabric Defect Detection 

Fabric defects historically caused significant quality losses. Ngan et al. (2011) classified automated defect-

detection techniques into: 

• Statistical approaches (e.g., gray-level co-occurrence matrices) 

• Spectral approaches (e.g., Fourier & wavelet transforms) 

• Learning-based approaches (e.g., neural networks, SVM) 

• Motif-based approaches tailored for patterned fabrics 
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Recent advances in deep learning (CNNs, GANs) have achieved >95% defect-detection success, surpassing 

manual inspection’s typical 60–75% accuracy. This minimizes fabric waste, improves customer confidence, 

and supports “zero-defect manufacturing” [1]. 

 

2.3 Predictive Analytics for Demand & Process 

AI models such as ANNs, SVMs, and gradient-boosting algorithms enable accurate demand forecasting for 

yarns and fabrics, reducing inventory holding costs and enabling just-in-time production. Such predictive 

analytics support circular fashion models by curbing overproduction and aligning supply with real-time 

consumer demand [2]. 

 

3. AI-ENABLED QUALITY CONTROL 

Quality management has shifted from post-production sampling to real-time, in-line inspection. 

AI-vision inspection of warp/weft faults, floats, slubs, pinholes, and stitch irregularities 

• AI-based dye-recipe prediction and optimization, improving color consistency and reducing chemical 

waste 

• Cloud-IoT platforms that integrate LSTM networks, fuzzy logic, and sensor data (University of Naples 

Federico II) for predictive risk detection 

These systems are central to the goals of Industry 5.0—human-centric, efficient, and sustainable production 

[3]. 

 

4. SMART TEXTILES & WEARABLE TECHNOLOGY 

AI is powering the rise of e-textiles and intelligent garments, embedding conductive fibers, sensors, actuators, 

and ML algorithms directly into fabrics. 

Key applications: 

• Healthcare: garments monitoring ECG, EMG, temperature, and stress (Ivanoska-Dacikj & Stachewicz, 

2022) 

• Sports & Fitness: AI-assisted performance-tracking footwear and activewear 

• Safety & PPE: antimicrobial smart masks, responsive thermal layers, and tele-health-enabled workwear 

• Defense & Aerospace: protective gear for monitoring vital signs under extreme conditions 

Market reports project smart textiles to surpass USD 5 billion by 2030, with healthcare and sportswear leading 

growth[4]. 

 

4.1 AI in Design, Fashion & Consumer Experience 

4.1.1 Generative Design 

Generative AI (e.g., GANs, StyleGAN2, diffusion models) is reshaping textile design. Wu & Li 

(2023) showed that GAN-generated knitted patterns scored aesthetic quality ratings comparable to traditional 

human-designed textiles, while reducing design cycle time and material waste. 

 

4.2 Trend Forecasting & Hyper-Personalization 

AI is transforming trend forecasting from an intuitive art to a data-driven science. 

• Heuritech analyzes millions of social-media images to predict upcoming colors, silhouettes, and patterns 

with high precision. 

• Zara (Inditex) uses AI to adjust collections in near-real-time to customer preferences. 

• Stitch Fix employs hybrid genetic algorithms + stylist feedback to co-create styles tailored to customer 

profiles. 

 

4.3 Virtual Sampling, Fitting & Retail Tech 

AI-based 3D garment simulation, contactless body-scanning, virtual try-on, and smart mirrors enhance fit 

accuracy, reduce return rates, and save material otherwise wasted in prototyping. Retailers like Nike, Levi’s, 

and integrate AI-driven fit recommendation  engines, while ModiFace-powered AR tools deliver immersive, 

personalized shopping experiences[5]. 
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5. SUSTAINABILITY & CIRCULAR FASHION WITH AI 

AI is crucial for building a resource-efficient and circular textile economy by: 

• Optimizing dyeing/finishing processes, reducing water and energy use 

• Cutting material waste through defect detection, smart marker-making, and demand-driven production 

• Enabling recycling & traceability, e.g., through AI-enhanced fiber-sorting with spectroscopy and 

robotics (Spyridis et al., 2024) 

• Supporting blockchain-AI integrations for transparent, ethical supply chains 

 

6. CHALLENGES & ETHICAL CONSIDERATIONS 

Despite rapid progress, adoption is constrained by: 

• Data quality, interoperability, and algorithm transparency 

• Integration hurdles with legacy production systems 

• Workforce reskilling needs as routine tasks become automated 

• Risk of bias and privacy breaches in consumer-facing AI tools 

• Creativity vs. automation concerns in design and marketing 

Experts advocate a human-in-the-loop approach, where AI handles data-intensive, repetitive tasks while 

humans focus on creativity, oversight, and strategic decision-making[6][7]. 

 

7. FUTURE DIRECTIONS 

Emerging research and industry trends suggest that the next decade will see: 

1. Hybrid defect-detection models blending motif-based and deep-learning techniques for universal 

fabric inspection 

2. Neuromorphic computing & spiking neural networks for ultra-low-power wearable e-textiles 

3. Federated learning to enable collaborative AI without exposing proprietary or personal data 

4. Digital-twin-driven life-cycle assessment for sustainable product development 

5. Generative AI for mass-customized prints & 3D virtual fashion avatars, enabling on-demand 

production and reducing waste 

 

8. CONCLUSION 

AI is no longer optional, it is a strategic necessity for textile and apparel companies aiming for operational 

agility, environmental responsibility, and personalized consumer experiences. Research by Kumar et al. 

(2024) and Ngan et al. (2011) clearly shows that AI delivers measurable gains in efficiency, quality, and 

sustainability, yet realizing its full promise requires cross-disciplinary research, industry–academia 

collaboration, and strong ethical frameworks. From factory floors to fashion runways, AI is redefining textiles 

as smarter, greener, and more human-centric, promising a future where innovation and sustainability are  not 

at odds but interwoven. 
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