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INTRODUCTION  

 

Technical faculty ñMihajlo Pupinò University of Novi Sad has organised the 14th International 

Conference ñ Textile Science and Economy ò held on October 25th, 2024, at the Technical 

Faculty ñMihajlo Pupin,ò University of Novi Sad, Zrenjanin, Serbia. This conference brought 

together leading researchers and professionals from the textile industry, fostering an 

environment for the exchange of innovative ideas and advancements across various fields. 

 

The conference featured a series of insightful presentations from distinguished speakers, 

including: 

¶ Mirjana Kovaļeviĺ, Serbian Chamber of Commerce 

¶ SlaĽana Milojeviĺ, Cluster of the Fashion and Textile Industry "FACTS," Serbia 

¶ Aleksandar Ģertovski, Dellôorco & Villani, Italy 

¶ Riccardo Cavalleri, Emmebi Impianti, Italy 

¶ Milan Zeloviĺ, PuzzleFit AI, Serbia 

¶ Giacomo Nicolini, Audaces Europ Srl, Italy 

¶ Ivana Ġoġtar, Rigo, Slovenia 

 

These speakers provided valuable insights into the economic aspects of the textile industry, 

addressing current challenges and opportunities. Their presentations laid the groundwork for 

fruitful discussions on how to enhance the economic viability and competitiveness of the textile 

sector. 

 

During the conference, participants engaged in discussions that explored new approaches in 

textile materials, technologies, and business models that aim to tackle the pressing issues in the 

industry. The insights gained from these discussions provide valuable guidelines for future 

initiatives aimed at enhancing the efficiency and competitiveness of Serbia's textile and garment 

industry. 

 

The hybrid format of the conference facilitated broader participation, allowing attendees to 

engage both in-person and online. This inclusivity ensured a dynamic and interactive 

experience, connecting experts and researchers without geographical limitations. 

 

We are proud to note the involvement of over 40 attendies from both domestic and international 

institutions, highlighting the conference's role in promoting student engagement in research and 

professional activities. The event featured 34 full papers and 4 abstracts from a diverse range 

of countries, demonstrating the global interest in textile science. 

 

The conclusions drawn from the conference underscored the significance of building 

partnerships with institiuion and industry stakeholders, establishing new contacts with leading 

institutions, and promoting student involvement in scientific research. We believe that these 

efforts will lead to increased innovation and collaboration, ultimately benefiting the textile 

industry as a whole. 
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I hope that this book of proceedings serves as a valuable resource for researchers, practitioners, 

and students alike, contributing to the ongoing discourse in textile science and economy. 
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RETAIL AND SUSTAINABLE SERVICE SYSTEMS: A PROMISING 

ALLIANCE FOR THE FASHION SYSTEM. FROM THEORY TO 

PRACTICE  
 

Alessandra Spagnoli 

Politecnico di Milano, Italy 

 

 
ABSTRACT 

 

This article explores the role of servitisation in promoting sustainability in the fashion retail sector, highlighting 

the transition from product-based to service-based business models. Servitisation enables retailers to extend the 

life cycle of products by offering services such as repair, rental and recycling, which support the principles of the 

circular economy. By developing an ontology of sustainable service systems, this research provides a framework 

that identifies how retail can promote sustainable practices throughout the fashion value chain. Through applied 

and design-driven activities, the study examines the implementation of sustainability services, focusing on how 

retail spaces can act as platforms to promote sustainable practices that impact the fashion value chain. This research 

contributes to the growing body of knowledge on sustainable retail, offering insights into how retailers can play a 

central role in promoting environmental and social sustainability through service-oriented models. 

 

Key words: fashion system, retail, servitisation, sustainability, applied research. 

 

 

INTRODUCTION  

 

Sustainable retail and service systems in fashion  

 

The fashion industry, which contributes significantly to environmental degradation, has now recognised 

the need to address and promote a transformation of business and consumption models towards greater 

sustainability and circularity. This transformation, driven by environmental issues, consumer demand, 

the need for companies to remain competitive in a changing marketplace, and, last but not least, 

regulatory pressures, has pushed companies to experiment and implement circularity and sustainability 

strategies throughout the fashion value chain. 

 

In this context, the retail sector, acting as an intermediary between producers and consumers, is also 

taking on a crucial role in the sustainable transformation of the fashion industry (Ruiz-Real et al., 2019; 

Yang et al., 2017), albeit with some delay compared to more established areas of research such as, for 

example, new sustainable materials or design for circularity. Indeed, retailers, thanks to their ópositionô 

within the fashion chain, can influence both upstream (production) and downstream (consumption) 

practices, thus becoming key players in the transition towards sustainable and circular models 

(Vadakkepatt et al., 2021) capable of addressing the pressing environmental and social issues of the 

fashion system (Dragomir & Dumitru, 2022). In particular, the concept of servitisation ï the transition 

from product-centred business models to those incorporating services ï has gained ground as a means 

to promote circularity in the industry (Beuren et al., 2013). This shift to service-based systems referred 

to as product-service systems (PSSs), has encouraged the creation of business models that adopt circular 

economy principles, focusing on waste reduction, material reuse and product recycling (Potting et al., 

2017). These practices are particularly significant in the fashion industry, where problems such as 

overproduction, short product life cycles and excess waste have led to substantial environmental 

impacts, including high carbon emissions, water consumption and pollution (Prado et al., 2022). 

Servitisation represents a strategic shift from the traditional sale of products to providing services that 

increase product longevity and support circularity. In the fashion industry, servitisation can take many 
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forms, and retailers are well positioned to drive the adoption of circular practices. By offering, among 

others, services such as repairing, refurbishing and reselling (Lang & Armstrong, 2018; Vadakkepatt et 

al., 2021), retailers can extend the useful life of fashion products, thereby reducing demand for new 

materials and decreasing waste levels (Prado et al., 2022). These services not only provide consumers 

with more sustainable options but can also encourage a change in consumer behaviour towards more 

responsible consumption (Spagnoli & Iannilli, 2023). Furthermore, sustainable retailing can support the 

development of new revenue streams through service-based offerings, which allow retailers to 

differentiate themselves in a competitive market (Macchion et al., 2018). 

 

Research aims and contributions 

 

The article presents an investigation into retailôs role in the fashion industryôs sustainable transformation, 

focusing on integrating service-based systems to promote circular and more sustainable practices. The 

research aims to answer the question: What role does retail play in the context of sustainable 

transformation? How can implementing service systems for retail trigger more sustainable and circular 

processes?  

 

These questions are explored in the context of the NRRP ñMUSA ï Multilayered Urban Sustainability 

Actionsò project, Spoke 5 ï Sustainable Fashion, Luxury and Design.1 The study emphasises the 

importance of design-led innovation in shaping retail service systems that extend the life cycle of 

products, minimise waste and support the transition to circular business models while promoting a 

culture of sustainability and more equitable social practices. 

 

The research framework is based on developing an ontology of sustainable service systems targeted at 

the retail sector and structured around three key areas: environmental sustainability, culture of 

sustainability, and social sustainability. These areas are further divided into specific service categories 

that include circular practices, as well as consumer education and community involvement (Elli et al., 

2024). The framework serves as a basis for understanding how retail can promote sustainable practices 

throughout the fashion value chain, from production to consumption. 

 

By focusing on the design and implementation of sustainable service systems, the research aims to 

provide insights into how retail can act as a catalyst for sustainability in fashion. Through applied 

research, including a collaboration with leading sustainable fashion brand Stella McCartney, the research 

examines practical applications of the framework to bridge the gap between theory and practice in 

sustainable retail. 

 

RESEARCH METHODOLOGY  

 

This research methodology is structured around two main research actions: (i) the development of an 

ontology of sustainable service systems for fashion retail and (ii) the application of this ontology to feed 

bespoke and case-specific applied research on sustainable service systems for fashion retail. 

 

The ontology (called óSustainable Retail Modelô) is based on a comprehensive mapping of more than 

370 sustainability-oriented initiatives across Europe extensively described in Elli et al. (2024). The 

mapping identified three main areas within the ontology: services for environmental sustainability, 

culture of sustainability, and social sustainability. Each area includes specific categories of services that 

support circular and more sustainable processes. 

 

 
1 The research is carried out by the research group of the Design Department of the Politecnico di Milano within 

WP2 - T5.9 óDevelopment of an Innovative Sustainable Design-Driven Retail and Service Modelô and T5.10 

óSustainable Design-Driven Retail and Service Model Toolkitô. 
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The ontology was constructed through a multi-stage process: 

Case study analysis: The first phase involved collecting data on various sustainable retail practices 

through a literature review and netnographic research. The cases ranged from local sustainable retailers 

to large international brands, covering practices as diverse as rental services, digital garment 

management tools and repair initiatives. 

 

Categorisation: The collected data were categorised into specific service types. These categories formed 

the basis of the ontology, capturing the essential characteristics of different sustainable retail practices. 

 

Validation and refinement: The proposed ontology was then validated and refined through focus group 

activities involving fashion and sustainability professionals. 

 

The practical application of the ontology was tested in collaboration with Stella McCartney, a leader in 

sustainable fashion. Stella McCartney is a leading sustainable fashion brand known for its pioneering 

use of environmentally friendly materials and strong supply chain transparency. The company has 

established itself at the forefront of sustainable innovation, incorporating organic cotton, recycled fibres 

and new experimental materials while avoiding animal products such as leather and fur (Campos Franco 

et al., 2020). However, although the company is pioneering sustainable sourcing and production 

practices, structured efforts to harness retail as a strategic channel to promote sustainability have been 

limited. Retail spaces and service models remain underutilised opportunities to implement circular 

principles and extend sustainability beyond materials and supply chain management. For this reason, 

Stella McCartney is an ideal partner for the NRRP MUSA research project, which aims to integrate 

innovative sustainable practices within retail environments. The brandôs commitment to sustainability 

aligns with the projectôs goals of establishing retail as a platform for meaningful and sustainable 

innovation, thus extending its sustainability strategy to the retail environment. 

 

The brand participated in a participatory activity organised by the research team to explore innovative 

service solutions for sustainable retail. The participatory activity involved Stella McCartneyôs teams in 

Italy and the UK, including representatives from the sustainability, retail operations and product 

innovation departments. The session aimed to identify and implement service systems that could be 

integrated into Stella McCartneyôs retail strategies. This collaboration provided insights into how 

sustainable retail models work and highlighted areas for future development. These include the 

development of both tools to facilitate the adoption of sustainable practices in different retail contexts 

and applied research projects to design and pilot the proposed services. 

 

RESULTS AND DISCUSSION 

 

The óSustainable Retail Modelô: framing theoretical concepts 

 

The construction of the ontology of sustainable retail service systems followed a process of progressive 

aggregation and recombination of insights derived from research on real case studies. This research 

began with a focus on the traditional strategic levers associated with implementing environmental 

sustainability in line with circular economy principles. As a critical interface between production and 

consumption, retail is increasingly recognised as a significant catalyst for advancing circular economy 

processes (Poldner et al., 2022). The core principle of the research was to investigate how, through the 

implementation of services that correspond to the 3Rs of circularity ï reduce, reuse and recycle ï 

together with the concept of Rethink aimed at product redesign, retail could play a crucial role in both 

extending product lifetimes and minimising waste. 
 

The role of the 3Rs and Rethink in retail sustainability 
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The principles of reduce, reuse and recycle are the fundamental pillars of circular economy strategies 

(Ellen MacArthur Foundation, 2013). Each principle has distinct implications for how retail spaces can 

contribute to sustainability: 

óReduceô principle implies decreasing the amount of new products entering the market or reducing 

dependence on new raw materials. By reducing resource consumption, retailers can significantly 

decrease the environmental impact of production, thus supporting sustainable consumption patterns. For 

example, adopting minimal packaging and promoting products made with fewer resources can directly 

contribute to waste reduction. 

 

óReuseô practice includes the continued use of products that have yet to end their useful life, including 

sold items and unsold stock. Retail can facilitate the recovery and redistribution of these products, thus 

preventing them from becoming waste. Reuse-oriented services, such as rental systems and second-hand 

markets, have emerged as effective strategies to extend the life of products. 

 

óRecyclingô involves reintroducing end-of-life products back into the production cycle (within the 

fashion value chain or other production cycles, such as construction) to minimise waste and resource 

depletion. Retail may mean offering take-back programmes or partnering with recycling facilities to 

process used products, converting them into new products or raw materials. 

 

Finally, extending beyond the traditional 3Rs, óRethinkô encourages the reuse of unsold objects, post-

consumer waste or products with óemotionalô or cultural significance, increasing their symbolic value 

or integrating them into new design narratives. This approach promotes creativity and innovation, 

allowing retailers to find new ways to revitalise products that would otherwise be discarded. 

 

Adopting circular economy principles within the retail space, be it physical, digital or omnichannel, 

enables sustainability processes beyond individual products. The investigation of strategies related to 

the 3Rs and Rethink revealed the potential of retail environments as platforms for the promotion of a 

significant number of sustainable retail service systems, many of which can be traced back to the broader 

9R framework (Potting et al., 2017), such as repair, refurbishment, or on-demand manufacturing. All 

these practices have been reorganised within the sustainable service systems' ontology to capture how 

retail can catalyse sustainability and highlight impacts on all stakeholders in the fashion value chain. For 

example, offering in-store repair services not only extends the life of products but also reinforces the 

retailerôs commitment to sustainability, increasing brand loyalty and consumer trust. Furthermore, by 

integrating circular strategies into their operations, retailers can facilitate consumer engagement in 

sustainable practices and act as educational centres that inform and influence consumer behaviour 

towards more sustainable choices. 

 

The research highlighted a critical aspect of the transition towards sustainability in the retail sector. 

Indeed, this transition is possible and more effective when it takes place in a context of socio-institutional 

change, which includes changes in regulations, standards, production practices, consumer behaviour and 

cultural norms. The integration of circular economy principles into retail requires not only technological 

and operational innovations but also changes in the way sustainability is perceived and practised along 

the value chain (Vecchi, 2020). 

 

 

Expansion of ontology to social sustainability and culture of sustainability.  

 

From this initial reflection, and in response to the evidence from the research of real application cases, 

the initial mapping of the ontology, which was narrowly focused on circular economy-related strategies, 

was subsequently expanded to include other forms of sustainable practices in which retail plays a 

facilitating role. The ontology was thus expanded to include óculture of sustainabilityô and ósocial 

sustainabilityô as core pillars. 
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The óculture of sustainabilityô category includes services that utilise the strategic position of retailers 

within the value chain to promote sustainability awareness. Retailers can use communication, education 

and product assets to engage consumers and foster a deeper understanding of sustainable practices. There 

are two main orientations within this category: practices aimed at improving the retailerôs sustainable 

operations, such as improving transparency through supply chain monitoring and disclosure, and 

consumer-facing practices that use the retail environment as a medium to raise public awareness and 

education on sustainability issues. 

 

Finally, the ósocial sustainabilityô category includes services that promote social equity, such as ensuring 

fair labour practices and supporting vulnerable groups. In many cases, these services are not stand-alone. 

Instead, they are service strategies that are activated through partnerships with social enterprises or non-

profit organisations whose mission is to generate positive social impacts. For example, partnerships with 

charities to donate surplus stock or programmes to support community employment initiatives reflect a 

commitment to social sustainability. In this specific case, it is a ówayô to activate practices and services 

that have an impact beyond the system of stakeholders traditionally involved in the fashion value chain. 

 

Figure 1 illustrates how various practices and strategies can contribute to a more sustainable fashion 

system by acting from the retail space and connecting the different dimensions of environmental, social 

and culture of sustainability. The retail environment serves as a convergence point for these dimensions, 

providing a valuable platform for integrating sustainable strategies into fashion business practices. 

 

 
Figure 1: Sustainable Retail Model: connection among the different dimensions of environmental, 

social and culture of sustainability. 

 

In-store Sustainability Narratives: developing applied experimentation 
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Based on the ontology described above, the sustainable retail model, operationalised as a co-design tool, 

was tested in collaboration with the sustainable fashion brand Stella McCartney. This participatory co-

design activity has enabled the identification of shared and promising innovation trajectories through 

which the company seeks to experiment with more sustainable and circular retail processes. 

 

One of the most promising areas currently being explored by the research team and the company is the 

enhancement of the role of the store as a communicative agent, both tangible and intangible. The aim is 

to convey the brandôs sustainability values, practices, processes and innovations through the retail 

environment, effectively positioning it as a medium for conveying sustainability. This approach goes 

beyond traditional communication, incorporating tangible elements such as installations, product 

samples and immersive showcases. These elements offer consumers direct experiences, allowing them 

to confront sustainable materials, observe production processes or experience virtual simulations of the 

brandôs sustainable practices. By creating a sensory and hands-on experience, a brand like Stella 

McCartney has the potential to deepen consumersô understanding and appreciation of sustainability, 

fostering a long-term commitment to sustainable consumption. 

 

Sustainability awareness via in-store narratives 

 

The physical retail space is recognised as an essential interface between retailers and consumers, and in 

acting as a key point of contact for communicating brand values, it now assumes indispensable relevance 

when these values are aligned or must align with sustainability.  For this reason, the retail space can be 

a powerful medium for translating abstract sustainability goals into tangible actions, fostering consumer 

understanding of engaging in sustainable awareness (Fuentes & Fredriksson, 2016; Lehner, 2015). 

 

Although today, the potential of the retail environment to promote sustainability is increasingly 

recognised, the actual implementation of strategies aligned with this goal is often inconsistent and lacks 

the depth necessary to promote meaningful consumer engagement (Lin et al., 2022). The difficulty 

retailers face is twofold: on the one hand, the complexity of sustainability itself poses challenges; on the 

other hand, the in-store conveyance of sustainability services impacts different levels of company 

management. 

 

Concerning the inherent complexity of sustainability strategies, such as circular economy practices or 

ethical sourcing, their ótranslationô into messages easily implemented and understood by consumers is 

challenging (Lehner, 2015). They are often highly technical in terms of both language and procedural. 

However, this same technicality is crucial in guaranteeing the transparency and correctness of processes 

that imply sustainable and circular practices. Therefore, the alignment of languages and narratives 

requires an effort involving the various levels of the company, from product management to the retail, 

and is also linked to the practical realities of consumer behaviour and market demand. 

 

Concerning the in-store conveyance of sustainable services, for example after-sales services such as 

take-back systems or second-hand retail, the involvement of stores in implementing these initiatives 

varies considerably. Indeed, responsibility for implementing sustainability initiatives is often split 

between the corporate and the in-store level, leading to inconsistent messages and missed opportunities 

for consumer engagement. 

 

Building a óAbacus of Modular Narrativesô to foster in-store sustainable communication 

 

In order to explore innovative in-store experiential communication systems and effectively convey 

sustainability issues, a tool called the óAbacus of Modular Narrativesô is being developed and refined. 

This tool serves to structure the research process and guide the design of innovative and customised in-
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store communication solutions. Conceptually, the abacus is built on a matrix of three axes, each 

corresponding to a variable identifying a specific mode of engagement within the retail environment. 

 

The first variable is the spatial dimension of the retail environment. The spatial dimension includes all 

touch points - both physical and digital - that can support the sustainability narrative. These touch points 

range from traditional elements such as panels and displays to more interactive features such as QR 

codes, mobile applications and digital screens. These media allow the narrative to ócome to lifeô in 

various forms, engaging the consumer in an immersive experience. 

 

The second variable concerns the subject of the narrative, which may be associated with the product 

itself, the design or production process, or the service system offered. This dimension allows the 

narrative to focus on different aspects of sustainability, such as material innovation, ethical production 

or circular economy practices. By focusing on a specific topic, the retailer can adapt the narrative to 

highlight critical aspects of its sustainability efforts, thereby increasing transparency and consumer 

engagement. 

 

The third variable concerns the narrative structure, which refers to how the message is conveyed within 

the retail space. The narrative can range from an informative structure providing facts to a persuasive 

approach encouraging behavioural change or an evocative style connecting emotionally with the 

consumer. Other options include educational methods that educate consumers or analytical approaches 

that provide a deeper understanding of the product life cycle or sustainability strategy. 

Combining these three variables - spatial dimension, narrative subject and narrative structure - generates 

a wide range of design trajectories. These trajectories serve as guidelines for co-design with the 

company, enabling the development of a pilot solution to be tested in the Stella McCartney store in 

Milan. 

 

The óAbacus of Modular Narrativesô development addresses the growing need for retailers to effectively 

communicate their sustainability strategies in ways that resonate with consumers. Traditional methods 

of in-store communication, such as signage and labels, often lack the depth and personalisation needed 

to foster a meaningful connection between the consumer and the brandôs sustainability efforts (Fuentes 

& Fredriksson, 2016). The abacus fills this gap by providing a systematic framework through which 

retailers can tailor their sustainability messages to their customersô specific interests and behaviours. 

 

Using different combinations of spatial tools, narrative topics and structures, retailers can create a more 

engaging and immersive experience. For example, a physical display illustrating a productôs lifecycle, 

combined with interactive digital elements that allow customers to explore sourcing and production 

processes, can provide a multi-layered understanding of the brandôs commitment to sustainability. This 

approach also adapts to consumer preferences; some customers may prefer concrete and direct 

information, while emotional or experiential elements may influence others more. 

 

Furthermore, the abacus encourages collaboration between retailers and designers to co-create 

customised solutions that reflect the brandôs unique sustainability narrative. By involving the company 

in the co-design process, the solutions developed are not only aligned with the brandôs sustainability 

goals. Still, they are also practical and viable in an actual retail environment. This co-creation process 

ensures that the narrative resonates authentically with both the brand and customers, fostering trust and 

enhancing the overall consumer experience. 

 

CONCLUSION 

 

This research highlights the significant role that servitisation and service-based models can play in 

promoting sustainability in the fashion retail sector. By developing an ontology that organises 

sustainable retail practices across environmental, cultural and social dimensions, the study provides a 
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practical framework for retailers to enhance their sustainability efforts. The results show how retail 

spaces can effectively integrate circular economy principles and reduce resource use, minimise waste, 

and promote sustainable awareness. The collaboration with Stella McCartney underlines the potential of 

retail in showcasing sustainable practices and acting as a catalyst for a broader system-wide 

transformation. Although implementing these models presents challenges, the research emphasises that 

retailers have a unique opportunity to influence the fashion industryôs transition to more sustainable 

processes. By embracing service-based strategies, retailers can foster a deeper connection to 

sustainability and drive positive long-term environmental and social impacts. 

 
 

ACKNOWLEDGEMENTS  

This study is the result of collective work by the research group ï Valeria M. Iannilli (scientific coordinator), 

Alessandra Spagnoli, Tommaso Elli, Francesca Bonfim Bandeira and Chiara Anceschi (Department of Design, 

Politecnico di Milano) ï with the scientific collaboration agreement of Stella McCartney. 

This project was carried out within the MUSA (Multilayered Urban Sustainability Action) project, funded by the 

European UnionïNextGenerationEU, under the National Recovery and Resilience Plan (NRRP) Mission 4 

Component 2 Investment Line 1.5: Strengthening of research structures and creation of R&D ñinnovation 

ecosystemsò, setup of ñterritorial leaders in R&Dò. Project code ECS 000037ðproject CUP D43C22001410007. 

 

 

REFERECES 
1. Beuren, F. H., Gomes Ferreira, M. G., & Cauchick Miguel, P. A. (2013). Product-service systems: A 

literature review on integrated products and services. Journal of Cleaner Production, 47, 222ï231. 

https://doi.org/10.1016/j.jclepro.2012.12.028 

2. Campos Franco, J., Hussain, D., & McColl, R. (2020). Luxury fashion and sustainability: Looking good 

together. Journal of Business Strategy, 41(4), 55ï61. https://doi.org/10.1108/JBS-05-2019-0089 

3. Dragomir, V. D., & Dumitru, M. (2022). Practical solutions for circular business models in the fashion 

industry. Cleaner Logistics and Supply Chain, 4, 100040. https://doi.org/10.1016/j.clscn.2022.100040 

4. Ellen MacArthur Foundation. (2013). Towards the circular economy Vol. 1: An economic and business 

rationale for an accelerated transition. https://www.ellenmacarthurfoundation.org/towards-the-circular-

economy-vol-1-an-economic-and-business-rationale-for-an 

5. Elli, T., Spagnoli, A., & Iannilli, V. M. (2024). Mapping Service-Based Retailing to Improve 

Sustainability Practices in the Fashion Industry. Sustainability, 16(17), Article 17. 

https://doi.org/10.3390/su16177543 

6. Fuentes, C., & Fredriksson, C. (2016). Sustainability service in-store: Service work and the promotion of 

sustainable consumption. International Journal of Retail & Distribution Management, 44(5), 492ï507. 

https://doi.org/10.1108/IJRDM-06-2015-0092 

7. Lang, C., & Armstrong, C. M. J. (2018). Fashion leadership and intention toward clothing product-service 

retail models. Journal of Fashion Marketing and Management: An International Journal, 22(4), 571ï

587. https://doi.org/10.1108/JFMM-12-2017-0142 

8. Lehner, M. (2015). Translating sustainability: The role of the retail store. International Journal of Retail 

& Distribution Management, 43(4/5), 386ï402. https://doi.org/10.1108/IJRDM-02-2014-0013 

9. Lin, Y.-T., Tseng, T. H., Chang, A., & Yang, C.-C. (2022). A value adoption approach to sustainable 

consumption in retail stores. International Journal of Retail & Distribution Management, 50(11), 1412ï

1435. https://doi.org/10.1108/IJRDM-07-2021-0326 

10. Macchion, L., Da Giau, A., Caniato, F., Caridi, M., Danese, P., Rinaldi, R., & Vinelli, A. (2018). Strategic 

approaches to sustainability in fashion supply chain management. Production Planning & Control, 29(1), 

9ï28. https://doi.org/10.1080/09537287.2017.1374485 

11. Poldner, K., Overdiek, A., & Evangelista, A. (2022). Fashion-as-a-Service: Circular Business Model 

Innovation in Retail. Sustainability, 14(20), Article 20. https://doi.org/10.3390/su142013273 

12. Potting, J., Hekkert, M. P., Worrell, E., & Hanemaaijer, A. (2017). Circular Economy: Measuring 

Innovation in the Product Chain. Planbureau Voor de Leefomgeving, 2544. 

https://dspace.library.uu.nl/handle/1874/358310 

13. Prado, N. M., Silva, M. H. de P. e, Kaneko, C. S. K., Silva, D. V. da, Giusti, G., Saavedra, Y. M. B., & 

Silva, D. A. L. (2022). Sustainability in fashion retail: Literature review and bibliometric analysis. Gestão 

& Produção, 29, e13322. https://doi.org/10.1590/1806-9649-2022v29e13322 



Textile Science and Economy 

  14th International Scientific-professional conference 

25th Octoberer, 2024, Zrenjanin, Serbia 

Technical faculty ĂMihajlo Pupinñ, University of Novi Sad 

 

 
 

24 

 

14. Ruiz-Real, J. L., Uribe-Toril, J., Gázquez-Abad, J. C., & De Pablo Valenciano, J. (2019). Sustainability 

and Retail: Analysis of Global Research. Sustainability, 11(1), Article 1. 

https://doi.org/10.3390/su11010014 

15. Spagnoli, A., & Iannilli, V. M. (2023). Boosting Sustainable Consumption Behaviour Through Consumer 

Education in the Fashion Retail and Service Environment. Diid ð Disegno Industriale Industrial Design, 

81, Article 81. https://doi.org/10.30682/diid8123f 

16. Vadakkepatt, G. G., Winterich, K. P., Mittal, V., Zinn, W., Beitelspacher, L., Aloysius, J., Ginger, J., & 

Reilman, J. (2021). Sustainable Retailing. Journal of Retailing, 97(1), 62ï80. 

https://doi.org/10.1016/j.jretai.2020.10.008 

17. Vecchi, A. (2020). The Circular Fashion Framework-The Implementation of the Circular Economy by 

the Fashion Industry. Current Trends in Fashion Technology & Textile Engineering, 6(2). 

https://doi.org/10.19080/CTFTTE.2019.05.555681 

18. Yang, S., Song, Y., & Tong, S. (2017). Sustainable Retailing in the Fashion Industry: A Systematic 

Literature Review. Sustainability, 9(7), 1266. https://doi.org/10.3390/su9071266 

 

  



Textile Science and Economy 

  14th International Scientific-professional conference 

25th Octoberer, 2024, Zrenjanin, Serbia 

Technical faculty ĂMihajlo Pupinñ, University of Novi Sad 

 

 
 

25 

 

FASHION PRODUCTS IN THE AREA OF DIGITAL 

MANUFACTURING ï 3D PRINTING 
 

Tatjana Spahiu 

Polytechnic University of Tirana, Albania 

 

 
ABSTRACT  

 

Various fashion products such as garments and footwear have seen tremendous changes due to digital 

manufacturing. Mayor global players in the apparel industry have been long embedding in the inclusion of digital 

tools in their product development. These digital technologies as part of Industry 4.0 promise to overcome 

challenges related to waste and pollution by sustaining sustainable production. The rapid maturity of new 

technologies brings creative and innovative solutions for product development where customization enhances 

material use and waste reduction. 

3D printing is a form of additive manufacturing with various applications in the fashion industry that have attracted 

interest from academia and industry. It can help to improve and add functionalities to products. Creative designers 

and well-known brands have been implemented to create new and innovative fashion products. The combinations 

of 3D printing materials with textile fabrics create composite structures that can be further used for applications 

such as smart textiles. Other applications are footwear products, where 3D printing provides customized products 

to improve fit and comfort. Fashion accessories present other interesting applications of 3D printing in the fashion 

industry, where various creative ideas can be produced with additive technologies. Here, some key studies from 

3D modeling, simulation, testing, and their production by additive manufacturing technology will be presented. 

Product customization has been the focus to contribute to sustainable production. It can provide new methodologies 

to foster productivity, customization, and sustainability. 

 

Key words: digital manufacturing, 3D printing, textiles, footwear products, accessories, etc. 

 

 

INTRODUCTION  

 

The digital transformation occurring in the fashion industry promises a great future. It encompasses 

various processes such as product design and manufacturing, marketing and retailing, etc. Many 

countries have embarrassed Industry 4.0 or even called smart manufacturing. Integrating multiple 

technologies to connect the physical with the virtual world facilitates interconnection and 

computerization in manufacturing (Zhang C., et al., 2021).  

 

Studies conducted on the degree of implementations of digital technologies in the fashion industry 

recommend wider adoption of technologies such as blockchain; energy storage for smart clothing, 

integration of IoT, Artificial intelligence, etc., (Akram Shaik V., et al., 2022). Especially in the cases of 

companies that engage actively in the use of 3D technologies such as 3D modeling, simulation, 3D 

scanning, virtual and augmented reality, offer opportunities to reduce physical products, while 

improving business model innovations (Casciani D., et al., 2022). Moreover, implementing these 

technologies as the pillars of Industry 4.0 could reshape the fashion industry as a more sustainable and 

truly customer-driven business (Bertola P., et al., 2018). But at the same time, the eagerness to 

implement these digital technologies reveals the lack of workersô skills and the need to gain these new 

skills by following training programs within the industry (Sayem A.,  et al., 2023).  
 

In developing countries, the situation is different due to various barriers that should be overcome for the 

adaptation of Industry 4.0 (Rakesh D., et al., 2021). The advantages offered are numerous. However, 

still there is a low adaptation rate especially in SMEs, which encounter challenges like financial and 

knowledge constraints (Masood T., & Sonntag P., et al., 2020).  
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Sustainable production is a common definition used everywhere. It includes the way we produce, 

consume and live our life. Industry 4.0 plays a great role in sustainability in all industries. Studies reveal 

a significant impact on manufacturing sustainability in various stages (Jamwal A., et al., 2021). 

Especially, mobile technology, nanotechnology, simulation, and drones have the highest impact 

including the apparel and footwear industry (Chunguang B., et al., 2020). To stay competitive, 

adaptation of Industry 4.0 is the first step to be taken by supply chains (Dalmarco G., & Barros A., et 

al., 2018), to provide better service and increase consumer experience (Majeed A. Aabid M.,  & 

Rupasinghe Th., 2017). 

 

3D PRINTING ï NEW METHODOLOGIES TO FOSTER PRODUCTIVITY, 

CUSTOMIZATION, AND SUSTAINABILITY  

 

The main pillars of Industry 4.0 include 3D printing technology, which is well known for with wide 

applications in various industries. It provides immersive opportunities not only in creativity but offering 

a more sustainable way of manufacturing. This is highly important for the fashion industry, which is 

ranked among the first places for the negative contribution.  

 

Fashion is one of the industries where innovation and creativity are the main factors that drive changes, 

and 3D printing technology promises a great future. The diffusion of 3D printing technology for various 

fashion products continues due to the development of 3D printing machines and materials.  

During the 3D printing process some steps needed to be followed to produce the final product. As a 

digital technology, the first step includes creating the 3D model. Various software can be included in 

this process, but at the end, each of them should convert the 3D model into one of the additive 

manufacturing formats. Secondly, the 3D model designed for the 3D printing process is imported into 

the 3D printer software, which prepares for 3D printing process. During this step, different 3D printing 

parameters related to the machine, material use, and the product destination are selected before starting 

the 3D printing process.  The third and the last include the 3D printing process, where successive layers 

of melted material are spread from the nozzle and following the geometry of the section plane. Figure 1 

presents Fish diagram of factors affecting 3D printing process. 

 

 
Figure 1: Fish diagram of factors affecting 3D printing process. 

 

Stratasys is a well-known company for 3D printing technologies that is revolutionizing the fashion 

industry. 3D fashion launched by this company experimented with 3D printing on textile fabric to create 

print with full color and clear print, for very creative designs and a degree of optical illusions effects on 



Textile Science and Economy 

  14th International Scientific-professional conference 

25th Octoberer, 2024, Zrenjanin, Serbia 

Technical faculty ĂMihajlo Pupinñ, University of Novi Sad 

 

 
 

27 

 

the garments produced by these fabrics. Moreover, it is used for other products such as footwear or 

accessories (Stratasys, 2024). The number of fashion designers or brands that have experimented with 

3D printing technology depicts a rising interest in bringing consumers creative and innovative products. 

The following figure presents some key studies of the implementation of 3D printing for garment parts 

printed separately and assembled with the garments. Cases of letters to personalize different garments, 

or 3D printed model of flower of life are visible on the left and center part of the figure. Meanwhile, the 

last cases present other interesting applications, where modeled geometries are 3D printed on textile 

fabric and the dress produced. Also here is visible the bag produced with where the Albanian flag is 3D 

printed on textile fabric. It is very important to emphasize that it includes several tests to evaluate the 

stability or adhesion of 3D printed material on textile fabric.  

 
Figure 2: 3D printing parts for garments and 3D printed geometries on textile fabric (Spahiu T., et al., 

2020), (Spahiu T., et al., 2020). 

 

Another important application are footwear products. These products are among the most distinguished 

for the implementation of 3D printing to the manufacturing process, especially for athletic shoes. These 

types of shoes have a high rise, that can be explained with the fit and comfort they offer and the gained 

interest from consumers for the benefits offered by these products. According to the market analyses, it 

is expected to grow at a CAGR of 6.86% during the forecast period (2024-2029) (Mordor Intelligence, 

2024). The following figure depicts some key studies, where 3D models of shoe parts such as heels, or 

last used for footwear production are produced by additive manufacturing or 3D printing technology. 

Creative designs derived from inspirations from various sources are ready to be used for footwear 

production. Even during this process, the created prototype needs to be tested or simulated to fulfill 

requirements for the stability and fit of footwear products. 

 

 
Figure 3: 3D printed shoe parts as heels and shoe last (Spahiu T., et al., 2024). 

 

3D printed accessories are other applications of 3D printing technology in the fashion industry. Complex 

geometries can be modeled and produced by additive manufacturing. Moreover, customization and 

waste reduction can be easily achieved. Figure 4 presents 3D modeled accessories aim to manufacture 
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by 3D printing process. The creativity and complex geometries can be easily realized by 3D printing, 

where customization takes an important place. 

 
Figure 4: 3D modeled accessories for printing process (Spahiu T., et al., 2020), (Spahiu T., et al., 

2021). 

 

 

CONCLUSIONS 
 

Digital manufacturing is shaping the way of product development and offering to consumers, including 

garments, footwear, accessories, etc. Mayor global players in the apparel industry have been impacted 

on the inclusion of digital tools in their product development as an indispensable way to offer consumers 

product with the right fit and being competitive in the market. These digital technologies as part of 

Industry 4.0 are seen as a great promise to overcome various challenges in the fashion industry, where 

environmental impact is seen as the most change to lower it. The huge amount of waste has increased 

the attention of various actors to rethink the sustainable way of production. It acts as a driver and forces 

the need for change in business model practices and innovative solutions to make fashion sustainable, 

which is supported by the rapid maturity of new technologies. They bring creative and innovative 

solutions for product development where customization enhances material use and waste reduction. 

 

Among these innovative technologies, 3D printing plays a major role in product development, to waste 

reduction. The wide spread of 3D printing technology brings evidence as 3D printed textiles, composite 

structures created by combining 3D printed geometries and textile fabrics, footwear products, or 

accessories. Its advantages are numerous, but waste reduction, customization, and producing products 

with complex geometries not produced by traditional manufacturing highlight its impact on 

revolutionizing the way various fashion products are created, produced, and offered to consumers. Some 

key studies from 3D modeling, simulation, testing, and their production by additive manufacturing 

technology were presented, with a focus on product customization for improving design or adding 

functionality with high speed and efficiency. 
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ABSTRACT  

 

With the advent of digital technology in education and clothing production, there have been many positive changes. 

With the introduction of digital technology in the field of higher education, it is much easier for students to 

understand the course content and at the same time they are introduced to the world of digital fashion and keep up 

with the development of technology. The CLo3D computer program offers the opportunity to teach innovative 

content in the areas of construction, modeling and clothing design. One of the applications is in the area of the no-

waste concept in terms of maximizing the use of patterns, greatly reducing or eliminating pattern waste, which has 

a positive impact on the disposal of textile waste. 

 

 

Key words: digitization, teaching, zero waste  

 

 

INTRODUCTION  

 

Digitalization represents a significant step in the modernization of the education system and adapts it to 

the digital transformation of society. This process involves the use of information technology and 

computer tools with the aim of improving teaching. Successful digitalization requires continuous 

investment in equipment and education. In the European Union, digitalization in education refers to 

solving numerous challenges facing the education sector, such as improving quality, personalizing 

access and relevance. The EU has therefore set a number of goals for digitalization in education, which 

aim to achieve the following: All citizens should have access to high-quality digital education, regardless 

of where they live or where they come from. Promote the use of digital technologies to improve learning 

and teaching, including the use of personalized learning adaptation, collaboration and game-based 

learning as well as various platforms. 

 

Promote the development of digital skills and competences among students and teachers. Promoting 

innovation and entrepreneurship in the education sector through digital technologies. The Horizon 

project: European Academy for Young Designers to Study Innovative Technologies in Digital Fashion 

Design, abbreviated to FashionTex, in which the Faculty of Textile Technology is one of the partners, 

is presented in this article. Its main aim is to introduce computer programs into the teaching process. 

Since one of the most important programs at present is Clo3D, which is used in the industry for designing 

and modeling clothing, it is necessary for educational institutions to keep pace with the progress of 

technology. 

 

One consequence of the application of this computer program in the field of the zero-waste concept is 

the reduction of textile waste, another topical issue in the field of clothing technology and industry in 

general. The application of digital technology in teaching in the field of garment construction, modeling 

and garment design and thus in the fashion industry is not yet at the same level as in other technologically 

advanced industries, and some of the reasons for this are the lack of access to digital technology, lack of 

knowledge and skills in the field of digital technology and, above all, resistance to the adoption of new 

technologies. Introducing and building an infrastructure with innovation and integration of digital 

technology, virtual reality in the process of developing fashion products, and new ways of 
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communicating with consumers and selling through virtual platforms are just some of the possible 

directions for the transformation of the textile fashion industry, which is known as an extremely polluting 

industry of the new age that has great potential for the development and implementation of sustainable 

concepts for the development of production and sale of fashion products 

 

 (Rudrajeet Pat all, 2022.) Fashion, which has changed since the beginning of the industrial revolution 

under the influence of technological, social and economic changes, has accelerated significantly and has 

become accessible to a greater number of people. Due to the influence of fast fashion and rapidly 

changing fashion trends, consumers are buying more and more clothes, increasing production, which 

has a negative impact on the environment. The advantages of tailoring and manufacturing clothes 

according to the no-waste concept compared to basic construction lie in the observance of the basic 

principles of sustainable development. The negative impact on the environment is reduced, natural 

resources are conserved and the energy consumption required for production is reduced. Cutting loss is 

reduced, so that the amount of waste is already reduced in the production process. The use of fabrics is 

maximised and the design of the clothing is innovative (Farley Gordon, J.,Hill, C.,2014). 

 

 

2. FASHION TEX PROJECT  

In recent years, the textile industry, especially the fashion industry, has come under heavy criticism. 

Digitalization is advancing rapidly in all areas of society, including fashion design. Processes can be  

improved, waste reduced and traceability increased. In addition, the 3D construction of garments and 

the simulation of fabrics open up an endless playground for creations that are not limited by the gravity 

of the material. Old and new methods do not have to compete, but can challenge and enrich each other, 

leading to a more holistic and dynamic approach in the fashion and apparel industry. 

FashionTEX is a 3-year project (2024.-2026.) that aims to create expertise at fashion universities and 

train students in digital fashion. It will add future-oriented and more sustainable content to the curricula. 

The fashion industry relies on digital fashion in all areas of the value cycle, from design to sales, and the 

technologies used are evolving rapidly. The analysis shows that education at fashion schools in Europe 

often lags behind what the industry has already implemented.The faculties are at very different stages 

with their training: some teach at an advanced level, others are still at the beginning of training for digital 

fashion. FashionTEX closes these gaps. In the future, the results of this project will be implemented and 

passed on to lecturers and students on the basis of a high-quality joint curriculum that enables a European 

student exchange. The career opportunities and competitive potential of graduates on the job market will 

increase significantly thanks to their expertise in the field of digital fashion. 

2.1  Education and Introduction of the ClO3D Computer Program 

 

In the aforementioned project, the main emphasis is placed on educating students in the computer 

program CLO3D, which is a computer program specialized in 3D clothing design, which is becoming 

an indispensable tool in the fashion industry and clothing design. Its purpose is to enable designers to 

visualize and test garments in a virtual environment. The program accelerates and optimizes the design 

and production process. 

 

The predecessor of the CLO 3D program is the Marvelous Designer program, whose function was 3D 

designing cosplay costumes. The idea for Marvelous Designer was developed by a computer science 

student who saw the potential of such a program after the positive reactions of his colleagues. Over time, 

this program began to be used by clothing constructors, and from that came the idea to develop a program 

that is fully adapted to tailoring and designing clothes, and that's how CLO 3D was born. The goal of 
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the program is to present the garment and material as realistically as possible. Although the program is 

relatively new, its use is becoming more widespread, with a trend of development (ClO3D, 2023) 
 

One of the reasons for the application and popularity of this computer program is that it tries to make 

maximum use of the material (cut image), which directly affects the preservation of the environment in 

terms of reducing textile waste (inter-cut loss), which is extremely important in the textile industry. 

The ClO3D computer program was developed by a team of experts in the Korean company "CLO Virtual 

Fashion Inc.". It was presented for the first time in 2009. It was created as a response to a more efficient 

and precise way of designing clothes. It enables the simulation of garments in virtual space before 

starting the manufacturing process. Over the years, CLO 3D has undergone dynamic development with 

frequent updates bringing new advanced cut and fabric simulation tools, improved user interface and 

integration with other software solutions.  

 

CLO 3D enables the creation of digital clothing prototypes that can be viewed from all angles, i.e. in a 

3D virtual space, while simulating the behavior of fabric in the real world.  The program offers 

simulation of a certain design and its adjustment as much as necessary. Significantly reduces the time 

required for product development. It precisely simulates different fabrics, taking into account their 

texture, weight and stretchability. 

 

Enables 3D visualization of garments. The program offers the possibility of creating customized avatar 

models and clothing items can be tested on different body types. Among the main advantages of CLO 

3D is the reduction of production costs, which saves time and resources. The program also enables faster 

decision-making, as it has the possibility of quick changes and reviews. Simulations make it possible to 

accurately predict the behavior of the fabric, reducing the risk of errors in the later stages of production. 

Textile waste is also reduced due to fewer prototypes. 

 

Clo3D also has some limitations. The high cost of the program can be a problem for smaller design 

houses or independent designers. The program also requires some time to learn, since it offers many 

advanced functions, and the optimal operation of the program requires good computers with advanced 

graphics cards, which can be an additional cost. 

 

Clo3D is applied in various aspects of the fashion industry, including design, production, marketing and 

retail. Garment manufacturers can test how different fabrics affect the final product. Retailers also use 

3D models to realistically display products in online stores, which can help consumers make decisions. 

CLO 3D has significantly improved the production process of making clothes because it enables fast 

realization of the design, reduces the time from concept to finished product. Simulation of clothes on 

virtual avatars allows for more precise tailoring and optimization of fabric selection (McQuillan, H., 

2020) 

 

In recent years, 3D clothing simulations have significantly improved the process of clothing production. 

The key is to create virtual prototypes as close as possible to the final appearance of the garment to 

minimize differences between the physical and virtual garment (Eurydice- Papachristou, E., Zolota-

Tatsi, N.2024). For this, guidelines are needed that define the rules for creating virtual prototypes. The 

simulation system CLO 3D processes the virtual garment in detail. Virtual clothes are designed for 

digital spaces. 3D simulation tools offer many possibilities in choosing materials for making a garment. 

In the conventional method of making clothes, technical specifications define all aspects of production, 

including fabric, dimensions and construction method. To achieve consistency in 3D simulations, it is 

necessary to establish similar guidelines for virtual prototypes, Figure 1.  (Makryniotis, T. (2015).  
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a)  placing pattern              b) simulation                c) render 

 

Figure 1. Process 3D virtual garment creation in Clo3D 

Without these guidelines, the results of simulations can vary even though the same basic data such as 

avatars, cut parts and fabric are used. Creating production guidelines can be time-consuming, but it is 

crucial to achieving reliable and consistent results in simulations. Guidelines help standardize processes 

and allow rules to be set for simulation purposes. The guidelines need to be updated due to frequent 

upgrades of 3D simulation systems that regularly develop new functions and tools. Computer 

prototyping and simulation of the garment before the production process is very important for the fashion 

industry because it saves fabric that would be used for prototypes. 

 

The above is important for the reduction of textile waste and for sustainable production, whether it is 

about making clothes according to the basic construction or the zero-waste concept method. In addition 

to reducing textile waste, computer simulation is good because the garment can be adjusted according 

to a certain body type and thus satisfy the criteria of fit and the aesthetic component, figure 2. 

 

 
 

Figure 2. Adaptation of clothing according to body type 

 

Fit limitations or the lack of aesthetic criteria of the initial design idea can be corrected before the 

production process, which ensures consumer acceptance of the garment. Clo3D is a clothing design 

program that allows the creation and modification of 3D garments, giving designers the opportunity to 

advance their ideas. It enables precise visualization of the fabric, cut and overall design of the garment. 

CLO 3D is used in the fashion industry for virtual design, production, fitting and presentation, improving 

conventional processes (Makryniotis, T. 2015)  

 

 

3. ZERO WASTE 

 

In the industrial processes of clothing production, there is still a lot of human labor that requires skilled 

hands, while fashion designers are often the least involved in the process of making a garment. 

Constructors and tailors often work separately from designers, requiring detailed technical drawing 

specifications to convey design ideas. The separation of designers, producers and consumers in the 
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fashion system has led to large amounts of textile waste before and after consumption. Information about 

the amount of intercut losses often remains unknown to designers. 

 

This problem can be partly solved by better cooperation between designers, constructors, manufacturers 

and consumers. In the context of sustainability, the cooperation of all participants in the fashion process 

is crucial in order to reduce textile waste and maintain aesthetic criteria in clothing design . Zero-waste 

design often requires additional adjustments due to the way the garment wraps around the body, so just 

as in industrial production, computer programs are used to aid in simulation to adapt the fit to the body 

prior to production. 

 

Consumer feedback on the fit and comfort of clothing can provide a better understanding of design 

effectiveness towards a zero-waste concept. In the zero-waste concept, the fabric is used without intercut 

loss, and computer simulations further reduce the use of fabric for prototyping.  

Many designers already use the Clo3D computer program extensively to develop two-dimensional 

tailoring parts, figure 3. 

 

 
 

Figure 3.  The design process in the computer program CLO 3D 

 

The cut part is tested in dimensions that correspond to the body measurements of the avatar, which is 

most often in a certain selected clothing size. An important part of the design process is exploring the 

relationship between design and the body ( McQuillan, H., 2020). 

 

 

4. CONCLUSION 

 

The introduction of digitization as one of the elements of innovation in the teaching process is 

importance for students, which entails the entire process of transformation in the field of clothing 

production. This approach to the adoption of digital technologies finds its impact in reducing negative 

effects on the environment. A positive approach to clothing production is evident, which has an impact 

on inter-cut loss, which would be reduced to a minimum in this way. In this way, it is possible to reduce 

textile waste already in the production of clothing itself. Computer programs that allow designers and 

constructors to make quick changes in design and calculate intercut loss are certainly a positive change 

in clothing production. Textile technology students should learn to apply digital technology during their 

studies in order to improve the design and production processes of cuts and clothing after graduation, 

regardless of whether it is real or virtual clothing. 
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ABSTRACT  

 

3D simulation is used in the textile industry for product design and product presentation alike. A 

fundamental requirement for a realistic simulation is the availability of physical material characteristics 

of the fabrics which are to be simulated. The manufacturers of the software products used to simulate 

clothing textiles have each developed proprietary test procedures and data formats for this purpose. 

These formats are not compatible with each other. This lack of standardization is a problem, as multiple 

different software solutions are usually employed within a value chain. The 3DRC is an initiative of 

users of textile simulation software from the clothing industry. It has proposed a new standard procedure 

for determining, processing and providing physical material data. This paper presents this standard 

approach, sets it in relation to similar approaches and discusses the suitability and feasibility of the 

proposed approach. 

 

Key words: Simulation, Textile, 3D Material Physics, Conversion, Interoperability, Standardization 

 

INTRODUCTION  

Three-dimensional, realistic product visualizations (3D simulation) are state of the art in most industries. 

This applies equally to product design and engineering as it does to marketing and sales. In the area of 

design and engineering, computer aided design programs (CAD) can ñincrease operational efficiency, 

improve product quality, and gain a competitive advantageò [1] as they facilitate significantly faster and 

cheaper design iterations. The mechanical properties determine the soft-body ï clothing interaction [2].  

In the context of marketing and sales, 3D simulation gives e-commerce customers a better understanding 

of product dimensions and appearance, increases perceived product attractiveness and perceived product 

value , and can significantly increase customer confidence [3]ï[6]. It also opens up new possibilities for 

product presentation, which can have a significant effect on advertising and marketing [3]. These can 

stimulate not only the search behavior, but also the communication and sharing behavior of customers 

[7]. These effects have also been researched and proven for online apparel retail. Virtual product 

presentation (VPP) and virtual fitting rooms (VFR) can increase sales and reduce returns [8]ï[10].  

 

In practice, the clothing and fashion industry sees great potential in the technology. 3D-CAD and 

simulation is a core aspect in the education of textile experts (see e.g. [11]).  However, the industry faces 

a number of significant challenges in the use of 3D simulation. Not all of these challenges are directly 

linked to the use of the technology, but are of an organizational nature (e.g. fragmented company, no 

clear exchange of information, mistrust in new processes) [12]. Apart from these change management 
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challenges, however, there are also challenges that are directly linked to the technology itself. One of 

the most significant challenges is the provision of real world (physics) data for the simulation.  

 

 

 

BACKGROUND  

 

In the CAD programs, the designers create a 2D pattern and specify how the resulting pattern pieces are 

to be joined together. This information is used to obtain the 3D geometry of the garment for the 

simulation. In addition, however, information on the appearance (e.g. color, color pattern) and the 

physical properties (mass per unit area, elasticity, shear coefficient, etc.) of the fabric used is also 

required. At present, this data must be procured and provided by the user companies themselves. 

 

 
Figure 1 Information Required for photorealistic 3D-Simulation of products made from textile fabric. 

Information which requires real-world testing is highlighted in green. 

 

Appearance and Physics Data Procurement 

 

Special scanning systems (e.g. Vizoo xTex [13], tg3d NunoX [14]) are available for recording 

information on the appearance of the fabric. The texture maps for rendering the fabric surface are output 

as raster graphics and can be loaded into the respective simulation program.  

 

    
Figure 2 From left to right: (1) Vizooôs xTex A4 - Device for Digitalizing Material Appereance. The 

fabric sample is placed in a drawer (opened in the picture), the drawer is closed and the fabic sample 

is photographed under various lightning conditions. (2) Resulting texture maps ï alpha, basecolor, 

dispersion, metalness, normal map and roughness. (3) Photorealistic fabric rendering of the scanned 

fabric. 

 

Comparatively simple tests in accordance with various standards are also available for recording the 

physical properties of the fabrics (see Table 1).  However, there is no standard for storing and exchanging 

this data. In fact, for every software ecosystem there is a proprietary way of measuring, evaluating and 
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saving fabric physics data. Furthermore, there is no interoperability between these procedures: If a user 

company wishes to use multiple 3D-CAD software solutions, the fabric has to be tested separately for 

every ecosystem.  

 

Table 1 Comparison of textile-physical characteristics for the simulation of textiles, corresponding 

physical measurands and examples of corresponding standard test procedures. 
Characteristic  Corresponding physical measurands Standard test procedure(s) 

Basis weight Mass DIN EN 12127 

Thickness Distance at defined pressure DIN EN ISO 5084 

Flexural rigidity 

(Bending) 

Bending Moment or Overhang Length DIN 53362 

Tensile strength 

(Stretch/Elongation) 

Tensile force DIN EN ISO 13934-1 

Shear force 

(Diagonal Stretch) 

Tensile force in 45% direction or  

clamp response (picture frame) 

DIN EN ISO 20337 

Springback behavior Relationship between tensile force of 

consecutive tensile cycles 

DIN 53835 

Friction Pull Force (for static friction and sliding friction) DIN EN ISO 8295 

Drapability Projection of the sample or area/projection ratio DIN EN ISO 9073-9 

 

Between the different ecosystems, mass and thickness values are measured in comparable (and 

compatible) ways. The defining differences take place the procurement and processing of bending and 

especially elongation values. 

 

  
 

Figure 3 Exemplary tensile curve with used data points according to 3D CAD manufacturers [15]  

 

DIGITAL FABRIC INTEROPERABILITY PROJECT  

 

The Digital Fabric Interoperability Project is a pre-competitive, industry-driven project of the 3D Retail 

Coalition (3DRC) [15]. The 3DRC is made up of brands, retailers and academics. The two objectives of 

the project are to recommend how fabric physics should be tested in a standardized way and to 

recommend how the data obtained can be transferred to the individual proprietary solutions [16]. 

Specifically, the software ecosystems of the 5 most relevant manufacturers were examined. The 

manufacturers of the individual software are not directly involved. The project and its results are 

therefore an example of a (collaborative) pull innovation (see e.g. [17], [18]).  

 

Approach 
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The 3DRC conducted expert interviews with the manufacturers ([19]ï[24]) of the most relevant industry 

solutions to determine, which characteristics need to be accounted for in determining the material 

physics of a specific fabric or 3D simulation. These characteristics were then determined for 3 different 

fabrics, once using standard test methods and once using the respective proprietary solutions of the 

individual software manufacturers. This data was then used to determine and verify whether and how 

the data records for the individual software solutions can be obtained from the standard test data set. 

This procedure is shown in Figure 4. 

 

 
Figure 4 Schematic representation of the procedure and phases in the Digital Fabric Interoperability 

Project 

 

Findings 

 

The 3DRC concluded that the necessary material testing to determine the physics characteristics of fabric 

for 3D simulation can be done with standard testing equipment. Basic weight and thickness donôt require 

any conversion for the use between the examined programs. With one exception, the bending stiffness 

is also determined in the same way. The most significant differences are in the evaluation of the tensile 

and shear data. In principle, however, the same tests are carried out for flexural rigidity (bending) as 

well as for tensile strength and shear force. Only  also carries out cyclic tests when determining the 

tensile strength. [16] provides an overview of the manufacturers' test methods examined. 

 

Recommendations 

 

The 3DRC recommend the use of standard test methods and devices to determine the material 

characteristics and the subsequent conversion of the values for use in the individual programs. They 

recommend the use of standard test methods and devices to determine the material characteristics and 

the subsequent conversion of the values for use in the individual programs. They also advocate that the 

standard tests should be carried out by the fabric manufacturers or specialized laboratories and that this 

data should be made available to the clothing companies.   

 

3D Physics Conversion Tool 

 

To enable the calculation of the data sets for the 3D simulation in the individual CAD programs from 

the results of a standard check, the 3CRC provides not only the conversion formulas but also a web app 

(ñ3D Physics Conversion Toolò) [25] in which these formulas are implemented. In addition, another 

web app (ñCalculation Toolò) [26] is also available to prepare data for use with the 3D Physics 

Conversion Tool. A screenshot of the main web app is shown in Figure 5. 
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Figure 5 Web App (ñ3D Physics Conversion Toolò), which is developed and made available by the 

3DRC to convert the results of a classic textile test to the requirements of the individual programs. 

 

RELATED WORK  

 

[27] provide a similar commercial solution in the form of the physiX Conversion Tool, which can be 

used to convert the data sets of three of the programs examined by the 3DRC. This means that clothing 

companies only need to operate one of the proprietary test kits. [28] presents an overview of all the 

mechanical properties necessary for fabric simulation and propose a data structure for exchange. 

 

DISCUSSION 

 

The 3DRC has proposed a standard operating procedure (SOP) for the determination of physical fabric 

characteristics, which differs considerably from the currently practiced procedure. Instead of the 

proprietary solutions of the individual software manufacturers, the 3DRC proposes the use of standard 

test procedures and devices and the subsequent conversion of the data according to the requirements of 

the programs. 

 

This proposal implies that the proprietary testing devices and standard testing devices generate the same 

information. In principle, this is not unlikely. This assumption was investigated by the 3DRC with a 

rigorously designed experiment. However, the 3DRC has so far only used cotton fabrics for the 

verification of its method. Further investigations, especially with lightweight synthetic materials, are 

necessary for the verification of the process. 

 

The 3DRC proposes the predominant use of standard test equipment. This is much more expensive to 

purchase and operate than the proprietary solutions of the individual software manufacturers. In addition, 

it must be operated by specially trained personnel. For most clothing companies, the development of 

this kind of infrastructure is unlikely to be economically viable. However, the 3DRC also proposes that 

in the future, the testing of materials will no longer be carried out by clothing companies, but will be 

borne by fabric manufacturers. It remains questionable whether these would make such an investment 

without industry-recognized standards for the nature of the procured data and its exchange. Instead, a 

solution within a value chain, which is jointly supported by the participating companies, would be 

conceivable.  

 

The 3DRC explicitly proposes to outsource the testing of fabrics from the clothing companies. From an 

entrepreneurial point of view, this focus on the company's core activities makes sense. However, it 

should be noted that with this step, the company no longer builds up know-how in the testing of textiles. 

This know-how could possibly represent a strategic competitive advantage for the clothing company, 

which would also be eliminated accordingly.  
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Since the standard testing machines are more elaborately designed than the much cheaper proprietary 

testing machines of the software manufacturers, it can be assumed that they deliver better, more 

reproducible results in principle. The programs of the manufacturers only use a few data points for the 

simulation ï especially of the displacement-force curves of the tensile and shear tests. The other values 

of the curve are not taken into account ï and are not always stored.  This represents a significant loss of 

information. For clothing companies, this loss of information is not sustainable, given the high cost of 

generating the information and the relatively low hypothetical cost of storing it. Rather it is perceivable 

that the currently unused datapoints of the curves could potentially be useful for the 3D simulation in 

the future. It is for example likely that in the future simulation methods will be used for 3D simulation 

that are far more advanced than the currently implemented methods. They may need more information 

than the currently implemented methods. They may also have a need for better (i.e. more accurate, higher 

resolution) information than the currently implemented methods. 

  

CONCLUSION 

 

With their proposed SOP and their published ñ3D Physics Conversion Toolò, he 3DRC has taken 

initiative towards a simplified, standardized way of procuring textile physics data for 3D simulation. At 

the moment, the SOP still requires further validation. However, it is an important step towards 

standardization of the generation and processing of material data for the simulation of textiles. The 

participation of many different companies in the project illustrates the relevance of this issue for the 

clothing industry.  In the medium term, it is advisable (and likely) for the stakeholders concerned to 

agree on standards for the nature of the procured data and its exchange.  
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ABSTRACT 

 

Patchwork techniques, rooted in the practical reuse of fabric scraps, have become a significant element of 

contemporary fashion, celebrated for their sustainability and aesthetic appeal. This study examines the differing 

perceptions and preferences for patchwork between fashion design students and general consumers in China. Using 

a mixed-methods approach, including surveys and interviews across nine major cities, the research reveals that 

fashion design students are more familiar with and appreciative of patchwork, viewing it as a platform for creative 

expression and sustainability. In contrast, general consumers recognize the aesthetic and sustainable benefits but 

are more concerned with practicality and cost. The study suggests that education plays a crucial role in shaping 

positive attitudes toward patchwork and that increasing consumer awareness, along with reducing production costs, 

could enhance the broader adoption of patchwork techniques in mainstream fashion. These insights offer valuable 

guidance for designers and marketers aiming to integrate sustainable practices into fashion. 

 
Key words: patchwork techniques, fashion design, sustainability, consumer perception, market trends 

 

 

INTRODUCTION  

 

Patchwork techniques have a long-standing history in textile arts, originating as a practical method for 

utilizing fabric scraps. Traditionally, patchwork was not only a means of resourcefulness but also a form 

of creative expression, reflecting the cultural heritage and aesthetic values of various communities [1,2]. 

In recent decades, these techniques have transcended their humble beginnings to become an integral part 

of contemporary fashion design, celebrated for their unique visual compositions and intricate 

craftsmanship.  

 

The resurgence of patchwork in modern fashion can be attributed to several factors. Firstly, the growing 

awareness and demand for sustainable fashion have made patchwork an attractive option for designers 

and consumers alike. By emphasizing the reuse and recycling of materials, patchwork aligns with the 

broader movement towards eco-friendly and ethical fashion practices [3,4]. This focus on sustainability 

not only addresses environmental concerns but also resonates with a consumer base increasingly 

conscious of their ecological footprint. Secondly, the aesthetic appeal of patchwork is significant. The 

technique offers designers a versatile canvas to explore a multitude of textures, colors, and patterns. This 

versatility allows for the creation of highly individualized garments that stand out in a market often 

saturated with mass-produced items [5]. The ability to craft unique, statement pieces has made 

patchwork particularly popular in niche fashion markets and among consumers seeking to express their 

individuality through clothing. 

 

However, the adoption and perception of patchwork techniques vary significantly among different 

consumer groups. Fashion design students, who are actively engaged in the study of textile arts and 

fashion trends, often view patchwork through the lens of innovation and artistic expression [6,7]. Their 

academic training provides them with a deeper understanding of the technical challenges and creative 
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potential of these techniques. In contrast, general consumers may prioritize different aspects, such as the 

practicality and everyday wearability of patchwork garments. They might also have varying levels of 

familiarity with patchwork, influencing their appreciation and acceptance of such designs. While the 

uniqueness and sustainability of patchwork are appealing, practical challenges, such as the complexity 

of design and higher production costs, can pose significant barriers to widespread adoption. 

Additionally, there may be a disconnect between the creative aspirations of designers and the actual 

preferences of the broader consumer market. 

 

This study explores the preferences and perceptions of patchwork techniques among fashion design 

students and general consumers. By examining differences in aesthetic appreciation, perceived benefits, 

and practical concerns, the research aims to provide insights into the integration of these techniques into 

both everyday and luxury fashion. The findings will contribute to a deeper understanding of the factors 

influencing the adoption of patchwork and offer practical recommendations for designers and marketers, 

ultimately supporting the sustainable fashion movement and the revitalization of traditional textile 

techniques in modern design. 

 

METHODOLOGY  

 

Research Design 

 

Both quantitative surveys and qualitative interviews were employed in this study. This methodology was 

selected to provide a comprehensive overview of the topic, enabling the collection of quantifiable data 

alongside in-depth personal and professional insights into patchwork techniques in the Chinese fashion 

market. 

 

Data Collection 

 

Surveys were administered to two distinct groups: fashion design students and general consumers across 

9 representative Chinese cities with significant fashion markets and industries. These cities included 

Beijing, Shanghai, Guangzhou, Shenzhen, Hangzhou, Chengdu, Wuhan, Xi'an, and Nanjing. This 

selection ensured a diverse representation of regional fashion trends and consumer behaviors across 

China. The study received 237 valid responses from fashion design students and 206 from general 

consumers. Data collection spanned from September 2023 to July 2024, allowing for the capture of 

potential seasonal trends or attitude shifts over nearly a year. The surveys included questions designed 

to assess participants' familiarity with patchwork techniques, their aesthetic preferences, perceived 

benefits, challenges associated with these techniques, and their preferred garment categories for 

patchwork application. The questionnaire design underwent a pilot test to ensure clarity and reliability, 

followed by validation through expert review. In-depth interviews were conducted with 20 fashion 

industry experts, including designers, brand managers, and sustainable fashion advocates from various 

regions in China. These interviews aimed to gather professional perspectives on the practical 

applications of patchwork and to identify current market trends specific to the Chinese fashion industry. 

 

Data Analysis 

 

The quantitative data collected from the surveys were analyzed using descriptive statistics to summarize 

the responses. To compare preferences and perceptions between the two groups, t-tests and chi-square 

tests were conducted using SPSS software, with significance levels set at p < 0.05. These statistical 

analyses helped identify significant differences and correlations in the data. The qualitative data from 

the interviews underwent thematic analysis. Two independent researchers coded the interview 

transcripts, identifying recurring themes and patterns. Subsequently, the researchers discussed and 

resolved any coding discrepancies to ensure the reliability of the analysis. 
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RESULTS 

 

The demographic characteristics of the survey participants are shown in Table 1. The study included 

237 fashion design students and 206 general consumers from 9 representative Chinese cities. 

 

 

 

Table 1: Demographic information of survey participants 

Group Number of Participants Average Age (SD) Gender Distribution 

Fashion Design 

Students 

237 23 (±2.1) 82% Female, 18% Male 

General Consumers 206  34 (±5.3) 58% Female, 42% Male 

 

Familiarity with Patchwork Techniques  

 

Table 2 indicates the level of familiarity with patchwork techniques among the participants. A significant 

59% of fashion design students reported being very familiar with these techniques, compared to 38% of 

general consumers. Notably, 25% of general consumers were not familiar with patchwork, highlighting 

a potential gap in consumer knowledge. 

 

Table 2: Familiarity with patchwork techniques 

Group Very Familiar (%) Somewhat Familiar (%) Not Familiar (%) 

Fashion Design Students 59% (±3.1), CI 

[52.9%, 65.1%] 

32% (±3.0), CI [26.1%, 

37.9%] 

9% (±1.8), CI [5.5%, 

12.5%] 

General Consumers 38% (±3.3), CI 

[31.5%, 44.5%] 

37% (±3.3), CI [30.5%, 

43.5%] 

25% (±3.0), CI [19.1%, 

30.9%] 

 

Chi-square test results showed a significant difference in familiarity with patchwork techniques between 

the two groups (ɢ2 = 42.67, df = 2, p < 0.001). 

 

Preferences for Patchwork in Fashion Design 

 

As presented in Table 3, preferences for patchwork designs varied between the two groups. While 49% 

of fashion design students highly preferred patchwork designs, only 29% of general consumers 

expressed the same level of enthusiasm. However, 46% of general consumers somewhat preferred these 

designs, showing a broader acceptance. 

 

Table 3: Preferences for patchwork in dashion Design 

Group Highly Prefer (%) Somewhat Prefer (%) Neutral (%) Do Not Prefer (%) 

Fashion 

Design 

Students 

49% (±3.2), CI 

[42.7%, 55.3%] 

35% (±3.1), CI 

[28.9%, 41.1%] 

12% (±2.1), CI 

[7.9%, 16.1%] 

4% (±1.3), CI 

[1.5%, 6.5%] 

General 

Consumers 

29% (±3.1), CI 

[22.9%, 35.1%] 

46% (±3.4), CI 

[39.3%, 52.7%] 

17% (±2.6), CI 

[11.9%, 22.1%] 

8% (±1.9), CI 

[4.3%, 11.7%] 

 

T-test results indicated that fashion design students had a significantly higher preference for patchwork 

designs compared to general consumers (t = 6.18, df = 441, p < 0.001). 

 

 

 

Perceived Benefits of Patchwork Designs 
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The perceived benefits of patchwork designs varied among the groups, as detailed in Table 4. The unique 

aesthetic appeal was recognized by 75% of fashion design students and 64% of general consumers. 

Sustainability was highly valued by both groups, with a greater emphasis from fashion design students 

(68%). In contrast, general consumers placed more importance on cultural significance (39%) and cost-

effectiveness (35%). 

 

 

 

 

Table 4: Perceived Benefits of Patchwork Designs 

Perceived Benefit Fashion Design Students (%) General Consumers (%) 

Unique Aesthetic 75% (±2.8), CI [69.5%, 80.5%] 64% (±3.3), CI [57.5%, 70.5%] 

Sustainability 68% (±3.0), CI [62.1%, 73.9%] 52% (±3.4), CI [45.3%, 58.7%] 

Cultural Significance 45% (±3.2), CI [38.7%, 51.3%] 39% (±3.4), CI [32.3%, 45.7%] 

Cost-Effectiveness 30% (±3.0), CI [24.1%, 35.9%] 35% (±3.3), CI [28.5%, 41.5%] 

 

Preferred Garment Categories for Patchwork Application 

 

Table 5 shows the preferred garment categories for the application of patchwork techniques. A 

significant majority of fashion design students (78%) preferred applying patchwork to jackets and coats, 

followed by dresses (65%) and T-shirts and tops (56%). General consumers showed a similar pattern 

but with slightly less enthusiasm across all categories. 

 

Table 5: Preferred garment categories for patchwork application 

Garment Category Fashion Design Students (%) General Consumers (%) 

Jackets and Coats 78% (±2.7), CI [72.7%, 83.3%] 55% (±3.4), CI [48.3%, 61.7%] 

Dresses 65% (±3.1), CI [58.9%, 71.1%] 50% (±3.4), CI [43.3%, 56.7%] 

T-shirts and Tops 56% (±3.2), CI [49.7%, 62.3%] 42% (±3.4), CI [35.3%, 48.7%] 

Skirts 51% (±3.2), CI [44.7%, 57.3%] 37% (±3.3), CI [30.5%, 43.5%] 

Pants and Trousers 45% (±3.2), CI [38.7%, 51.3%] 34% (±3.3), CI [27.5%, 40.5%] 

Accessories (Bags, etc.) 39% (±3.2), CI [32.7%, 45.3%] 28% (±3.1), CI [21.9%, 34.1%] 

 

ANALYSIS  

 

The demographic analysis reveals distinct differences between fashion design students and general 

consumers in terms of their backgrounds, perspectives, and familiarity with patchwork techniques. 

Fashion design students, with an average age of 23 and a gender distribution of 82% female and 18% 

male, are generally more immersed in environments that encourage creativity, innovation, and 

exploration of various fashion techniques, including patchwork. This immersion is reflected in their 

higher levels of familiarity and preference for patchwork, as shown by the significant results of the chi-

square test (ɢ2 = 42.67, p < 0.001) and the t-test (t = 6.18, p < 0.001). These results suggest that formal 

education and exposure to textile arts significantly enhance the understanding and appreciation of 

patchworkôs artistic and technical complexities. 

 

To further explore the differences in perceived benefits and garment category preferences, additional 

statistical tests were conducted. T-tests on the perceived benefits (Table 4) reveal that fashion design 

students have a significantly stronger appreciation for the unique aesthetic and sustainability of 

patchwork designs compared to general consumers (p < 0.05). However, no significant differences were 

observed between the groups in their views on cultural significance and cost-effectiveness, indicating a 

shared perspective in these areas. 
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Similarly, chi-square tests on garment category preferences (Table 5) indicate significant differences in 

preferences for jackets and coats (p < 0.05), with fashion design students showing a stronger preference 

for these items compared to general consumers. Other categories, while showing differences, did not 

reach statistical significance, suggesting that while fashion design students are more open to using 

patchwork in a wider range of garments, the general consumer market remains more selective. 

 

These findings highlight that while fashion design students are more inclined to embrace the artistic and 

sustainable aspects of patchwork, general consumers are more pragmatic, with concerns focused on 

practicality, cost, and mainstream appeal. 

 

 

 

CONCLUSION 

 

The study highlights a generally positive attitude toward patchwork techniques in fashion design, 

particularly among fashion design students, who are more inclined to appreciate the artistic and 

sustainable qualities of these techniques. The significant differences in familiarity and preferences 

between fashion design students and general consumers underscore the impact of education and 

exposure on the appreciation of specialized fashion techniques. Fashion design students tend to favor 

the creative and innovative aspects of patchwork, seeing it as an opportunity to produce unique and 

environmentally sustainable garments. However, general consumers approach patchwork with more 

caution, focusing on practical considerations such as cost, wearability, and the mainstream appeal of 

these designs. The statistical analysis further reveals that the differences in perceived benefits and 

garment category preferences are significant in some areas, particularly in the appreciation of the unique 

aesthetic and sustainability of patchwork, as well as preferences for jackets and coats. However, 

similarities in views on cultural significance and cost-effectiveness indicate areas of common ground 

between the two groups. 

 

To enhance the adoption of patchwork techniques among general consumers, it may be necessary to 

increase consumer education about the versatility and practicality of patchwork garments. Highlighting 

the durability, uniqueness, and sustainability of these garments through targeted marketing strategies 

could help demystify patchwork and make it more appealing for everyday use. Additionally, exploring 

technological advancements that could reduce the production costs of patchwork garments could make 

these unique pieces more affordable and accessible to a broader audience. 

 

Future research should consider exploring the cultural influences that shape the acceptance of 

patchwork, as well as regional differences in consumer behavior. Understanding these nuances could 

provide valuable insights for designers and marketers aiming to integrate patchwork into both high 

fashion and mainstream markets. By addressing the challenges identified in this study and capitalizing 

on the growing interest in sustainable fashion, patchwork techniques could become a more prominent 

feature in the fashion industry, offering consumers a stylish and eco-friendly alternative in their 

wardrobes. 
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ABSTRACT 
 

The open formats dxf-AAMA and dxf-ASTM facilitate the data exchange of 2D cutting patterns, but there is 

currently no open format available for the exchange of 3D cutting patterns. Many software providers offer 3D 

product development formats. However, these formats are typically locked and exchange between platforms is 

either not available, or tedious and erroneous. As the clothing and textile industry is currently experiencing a great 

leap toward digitization and automation, the availability of an open file format for the exchange of 3D cutting 

patterns is imperative. 

In this paper, an open format for the exchange of 3D cutting patterns is proposed and documented. The developed 

file format is designed to be added onto the dxf-ASTM file of the respective 2D cutting pattern. Pieces from the 

dxf-ASTM file are referenced in the proposed format, and affiliations, seam types and stitches included in the 

product design listed and referenced. Currently not included are material specifics, such as the material 

characteristics or haptics.  

The file format is documented both in this paper and openly accessible and documented on common software 

development platforms such as GitHub. 

 

Key words: 3D garments, file format, data exchange, dxf-ASTM, virtual product development 
 

INTRODUCTION  
 

The digitalisation of the apparel industry and development has already been reinforced by the emergence 

of e-commerce. The COVID-19 pandemic and associated changes in supply chains and workflows have 

been a catalyst for the shift to fully digital collections and a move away from physical samples [1, 2, 3]. 

Not only does this reduce the cost of preparing and assembling garments and collections, moving away 

from physical samples is more resource efficient and sustainable [4]. However, there are still challenges 

in the digital development of textile products, such as the differences in functionality and simulation 

results between different programs and platforms [5]. To simplify the transfer and exchange of patterns 

and the work with different programs for different purposes, a standardised data format was introduced, 

first dxf-AAMA and then dxf-ASTM [6]. However, garment references, seams and stitches are included 

in neither dxf-AAMA nor dxf-ASTM [6]. 3D cutting patterns and garment models are saved and 

exchanged using the software providers native formats, which are usually locked and typically cannot 

be opened in other providers software packages or programs. Yet, as brands and manufacturers thrive 

towards fully digital product development and collections, and are using different providers software, 

the need for a universal exchange format of 3D cutting patterns and garment models arises.  

 

In this paper, first cutting patterns and their information content are defined. Following, the existing 

standardized file format dxf-AAMA and dxf-ASTM are briefly introduced. The requirements for a file 

format standard for 3D cutting patterns are compiled and the file format development explained. The 

developed format is then tested on the example of a T-shirt (reduced to seams between front and left 

sleeve as well as back and left sleeve for the sake of conciseness). Concluding, the requirements and 

developed format are summarized and an outlook for both possible extensions and implementation 

provided. 
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EXISTING FILE FORMATS  
 

All CAD tools for the design of textile products such as apparel process the same dimensions, shapes, 

and additional information, but store them in different formats and structures, with varying levels of 

information depth [6]. Because of these differences in the storage of congruent content, the secure 

exchange of information between different platforms and development environments remains a 

challenge. A complete 2D cutting pattern contains the designation of the garment, the outline of each 

piece of the garment in a set of clothing sizes, i.e. grading, seam allowances or directions regarding 

them, thread run and notches [7].  

 

Every software provider uses a native format to save developed cutting patterns and there are two 

supplemental open formats, which are designed to be a standard for cutting pattern exchange between 

different platforms and points along the value chain. The first standard to be published was dxf-AAMA, 

a dxf-based open standard. However, the information content of dxf-AAMA is relatively limited, not 

including, e.g. reference and mirror lines, pattern references or sewing lines [6]. Thus, the dxf-AAMA 

standard was extended to the dxf-ASTM. Also based on the dxf-file format, the dxf-ASTM standard had 

a considerably greater information content, enabling users to save complete cutting pattern that can be 

further used for both cutting and continuing product development [7]. 
 

The format dxf-ASTM is a fitting standard for saving and exchanging cutting pattern information, but 

the requirements for information exchange have increased in recent years. In the current thrive towards 

full digitization and fully digital collection development, it is not further sufficient to exchange 2D 

cutting patterns. Especially in product development, it is further vital to exchange the product assembly, 

including seams, seam types, seam overlaps, stitch types, buttons, buttonholes and iron lines. There are 

many closed native formats for this type of 3D cutting pattern. However, those cannot necessarily be 

used for cross platform file exchange.  

 

Thus, the need for a 3D cutting pattern file format for cross-platform is a pressing issue to further digitize 

product development and aid communication between designers, brands and manufacturers.  

 

FORMAT DEVELOPMENT  

 
The representation of an entirely assembled garment requires details about pieces including names, 

boundaries, internal cutouts, internal lines and holes given by 2D cutting patterns. Furthermore, 

information about seams, stitches, iron lines and hardware along with their associations to given pieces 

at certain coordinates is required. The new 3D cutting pattern format must therefore incorporate 

geometric data from the 2D cutting pattern of the respective product, as provided in a dxf-ASTM file. 

Seams, stitches, iron lines and hardware must be listed and referenced to the 2D geometries of the pieces. 

 

There are two options for developing the new format. Firstly, the dxf-ASTM format can be extended to 

include information on seams, stitches, iron lines and accessories. This would allow using and extending 

an existing file structure, and saving all necessary information in one file, but the new format would not 

be integrated in existing software packages. None of the information could be accessed using existing 

software packages once saved in this format. Further, placeholders for material characteristics of the 

textile material(s) would be necessary to be used in fit and garment simulations during the virtual product 

development. 

 

The second option is to develop an unlocked format that is added onto dxf-ASTM. Using a separate add-

on file would enable opening and editing the 2D cutting pattern in the current ASTM standard as needed 

without integration of the 3D format in the respective software package. This is especially helpful during 

transitions, where some software packages are outfitted with an importer, while others are not. Further, 
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the material characteristic could also be saved separately using the open U3M file format by Vizoo 

GmbH [8]. Pattern, affiliations and material characteristic could be saved, edited and reused 

independently.  

 

The add-on format can be constructed using the structure elements of, for example, the Extended Markup 

Language (xml) or the Java Script Object Notation (json). As json enables extensive structuring of data 

due to working with indentations, lists or encapsulated objects, and dxf and xml do not offer the same 

functionality, json was chosen for developing the add-on format. A json-file is easy to read and facilitates 

clear structuring of the data with flexibly definable properties. The value of an objectôs property can be 

a classic data type such as string, number or boolean, a list or again an object with its own properties. 

Thus, the data structure can be scaled in depth as required while maintaining clarity. The json-structure 

developed for storing the data of a 3D cutting pattern is presented below. 

 

The developed format has the respective 3D cutting pattern as basic object containing several lists for 

parts, stitches and seams as well as an object for units as properties. Units for technical quantities in the 

file such as stitch density or thread tension are defined in the units object. There is one property for each 

technical quantity in the object with the corresponding unit assigned as property value. The basic 

structure of the 3D cutting pattern format is shown in Figure 6. 

 

 
Figure 6: Basic json-structure of 3D cutting pattern format 

 

A part in the list of parts is represented by an object, being structured according to the json-structure in 

Figure 2. Each individual part is uniquely identified by an ID. The ID contains the name of the part from 

the dxf-ASTM file, which facilitates a reference to the geometric details of the part in the dxf-ASTM 

file. Each part has assigned lists for edges and internal lines. One item in one of these lists corresponds 

to an object with a unique ID for the edge or the internal line respectively and with coordinates from the 

dxf-ASTM file. The coordinates indicate the end points of the defined edge or internal line, which allows 

them to be clearly recognised in the geometry of the part. 

 

All sewing line of the textile product are listed as separate objects in the list of stitches. A sewing line 

object corresponds to a continuous sewing operation without intermediate cutting of the sewing thread 

and is labelled with an ID. Further properties of a stitch object correspond to the parameters stitch type 

and stitch density. The stitch type is clearly indicated by the respective number in the ISO 4915 standard. 

A l ist of threads is also an assigned property and contains a number of thread objects depending on the 

stitch type. A thread object in this list has the properties thickness, yarn count, material and tension. The 

explained structure for stitches is illustrated in Figure 3. 
 



Figure 2: Json-structure of part object Figure 3: Json-structure of stitch object 

 

The list of seams contains the seams of the product as objects, each with an ID. A seam object represents 

a seam with a unique configuration of seam type, sewn edges or internal lines of parts in a specific layer 

on top of each other as well as applied stitches. The seam type property is clearly identified by its number 

in ISO standard 4916. Sewn edges and internal lines of parts are enumerated in a list of the seam object 

in a defined sequence with their IDs indicating the affiliation to respective part objects. The order of the 

edges and internal lines in the list corresponds to their order from top to bottom viewing the seam image 

of the seam type in the ISO standard 4916 (see Figure 4, Edge 1 is listed before Edge 2). In a further list 

of the seam object, the assigned stitch objects are referenced by their IDs and listed in a defined order. 

The order of the stitches in the list corresponds to their order from left to right in the seam image (Stitch 

1 is listed before Stitch 2). Furthermore, the required sewing direction is also specified for each stitch. 

The value Top Down indicates that the needle is to be moved from the top of the seam, according to ISO 

4916, Down Top refers to the opposite case. If value Both is assigned, the direction can be freely chosen. 

 

Considering the previously mentioned properties of a seam object, there is still information about the 

proper alignment of parts in the seam left to be defined. One example is shown in Figure 5, where the 

seam between the front part and one sleeve of a shirt could be stitched in two different ways. The first 

way corresponds to laying vertex 2 of edge 1 on top of vertex 1 of edge 2 in the manner of the desired 

seam type and thus vertex 1 of edge 1 on top of vertex 2 of edge 2. The second way refers to the opposite 

combinations of vertices of the edges. In Figure 5, the first way is the feasible one, which is to be 

captured in the seam objects properties. Therefore, a seam object has two properties corresponding to 

the endpoints of the respective seam. Each endpoint is assigned a list of vertices with the vertices being 

enumerated in the order according to their corresponding edges order in the list of edges and internal 

lines. A vertex object in the list of vertices has one property with a value of 1 or 2 indicating which of 

both vertices of the respective edge or internal line is assigned to the endpoint. All vertices being 

determined to be put on top of each other are assigned to the same endpoint to clarify the alignment of 

edges in the seam. A further property of an endpoint is its ID. If two seams have endpoint objects with 

the same ID, it is an indication for the seams to be in contact with each other. 



 

  
Figure 4: Seam image of seam type 2.02.03 Figure 5: Edge alignment between front and sleeve 

 

 

The explained structure of a seam object is shown in Figure 6. A seam object with mentioned properties 

facilitates the clear definition of joining seams, darts, hems as well as ornamental seams. Several seam 

objects can be assigned the same stitch object, as a stitch can be applied to fasten a number of seams in 

a row. An edge or internal line of a part is always related with only one seam. 

 

 

 
Figure 6: Json-structure of seam object 

 

EXAMPLARY FILE  
 

To demonstrate, the developed format is applied to the example of a T-shirt. For the sake of conciseness, 

the instance is limited to the seams between the front and left sleeve as well as the back and left sleeve. 

Figure 7 displays the text base of the corresponding json-file. Objects are listed in a reduced version, 

thus some of the previously mentioned properties are not displayed. In the list of parts, the three parts 

are enumerated as objects including certain edges. Two separate edges (edge_2 and edge_3) are defined 

for the left sleeve (part_leftArm), as these are sewn in different seams and therefore the coordinates of 

the end points of both edges are required. Furthermore, a stitch with stitch type is defined. A seam object 

is introduced for each of the two seams, with the seam types and the fastening stitch being identical. 

For visual reasons, the seam between the front and sleeve and between the back and sleeve should be 
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sewn in one continuous operation and therefore the same stitch object is assigned to both seam objects. 

The stitch can be executed both when the edges of the sleeve lay under the edges of the front and back 

and vice versa. Thus, the sewing direction is Both. In the seam object between the sleeve and the front 

(seam_1), the vertices are assigned to the end points of the seam for the correct alignment of the parts 

as shown in Figure 5. Furthermore, the two seams touch at the two points, where the front, back and 

sleeve contact each other, indicated by equal point IDs (point_1 and point_2) in both seams. 

 

 
Figure 7: Exemplary file for two seams of a T-shirt 

 

The developed format facilitates the representation of 3D cutting pattern including parts, stitches and 

seams based on 2D cutting pattern data in dxf-ASTM. Further features like iron lines, buttonholes and 

hardware are not included as of now. 
 

SUMMARY  

 

In this paper, an open access file format for the transfer of 3D cutting patterns, including sewing lines, 

affiliations and stitch types is proposed.  

 

As the existing standardised file formats for cutting pattern transfer between platforms, dxf-AAMA and 

dxf-ASTM, are suitable for the transferring cut and pattern information but not affiliations, seams, seam 

types, and stitch types, there is currently no standardised way to transfer 3D cutting patterns. The 

proposed file format is a json-based extension of dxf-ASTM, which references pieces and edges and 

contains affiliations, seam types, stitch types and sewing direction. Thus, the 2D cutting pattern is 

independent of the assembly information and can be viewed and altered independently. 
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The file format as introduced is currently limited to assembly-relevant information, but the json-

structure allows further integration of hardware, iron lines, buttonholes etc. Material characteristics, 

necessary for fit and garment simulations can be integrated using the open access U3M file format. 
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ABSTRACT 

  

The fashion industry, a realm of creativity and innovation, has long grappled with the weight of 

environmental responsibility. The advent of artificial intelligence (AI) has ushered in a new era for 

sustainable fashion design, presenting a vast array of opportunities. This is particularly significant in 

sectors with intricate manufacturing processes, such as denim, where AI can significantly reduce waste 

and enhance sustainability.  

AI fundamentally transforms how designers approach product development, material procurement, and 

waste reduction. It enables the creation of digital prototypes and virtual garments, significantly reducing 

the need for physical samples and playing a crucial role in waste reduction. This conserves resources 

and diminishes the carbon footprint associated with traditional sample production. By integrating 

artificial intelligence into the design process, designers can experiment with materials and designs in a 

virtual environment, reducing waste and promoting sustainability.  

This article explores how AI and Industry 4.0 technologies support and shape the future of fashion 

design. By integrating various advanced tools into the design and pre-production process, AI is creating 

a more sustainable future for the industry. This case study of the creation and realisation process of an 

autonomous denim collection is a testament to the industry's optimistic and reassuring direction. 

 

Keywords: AI, Artificial Intelligence, Industry 4.0, Engineering, Sustainable Fashion, Fashion 

 

AI & THE FASHION INDUSTRY  

 

Artificial Intelligence (AI) is rapidly reshaping the fashion industry landscape, introducing innovations 

that streamline production, enhance creativity, and address sustainability challenges. AI's ability to 

analyse and predict trends has become a game-changer in fashion. [1] As a result, companies can design 

and release collections that are more aligned with consumer preferences. Personalisation, a key feature 

of AI, significantly reduces returns and unsold inventory, promoting sustainability in the fashion 

industry. AI optimises supply chains, reduces waste, and promotes sustainable practices. [2] 

 

AI significantly optimises design, pattern creation, and sample manufacturing. Integrated into Industry 

4.0 systems, AI automates fabric cutting and quality control, speeding up production and reducing costs. 

It also helps designers create collections, avoid overproduction of samples, and promote sustainability. 

AI is a valuable tool for designers. It inspires by analysing trends, historical styles, and consumer 

preferences to generate new concepts. By collaborating with AI, designers can create innovative 

collections that align with trends while expanding creative possibilities. 

 

AI is critical in promoting sustainability in fashion design by optimising supply chains and reducing 

waste. It improves inventory management, predicts demand more accurately, and minimises unsold 

items. Additionally, AI enhances personalisation, offering tailored clothing recommendations that 

reduce returns and further cut waste, making the design process more sustainable. [3] 
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The Fusion of AI and Fashion Design 

 

AI algorithms are transforming how fashion designers approach creativity, harnessing the power of vast 

datasets to generate innovative patterns and designs. AI-driven tools are helping brands deliver cutting-

edge fashion that resonates with their target audience. [4] [5] [6] [7] In summary: 

¶ AI enhances inclusivity by accommodating various body types and styles. 

¶ AI facilitates real-time feedback and customisation during the design process. 

¶ AI-driven simulations streamline the design of unique creations.  

 

AI IN DENIM DESIGN  

  

AI is becoming essential in denim design, offering innovative solutions in an industry that blends 

tradition with modern trends. As denim continually evolves, AI equips designers with tools to enhance 

creativity while preserving its iconic status. AI optimises fabric treatments, washes, and generates 

unique patterns and fits, enabling faster design iterations and personalised styles. It also boosts 

sustainability by improving manufacturing efficiency, accurately predicting demand, and reducing 

waste. AI drives creativity and sustainability in a competitive market, helping brands meet consumer 

demands for innovation and eco-friendly practices. Additionally, AI is a powerful tool for executing 

unique art projects. 

 

The project IKONIKA SELVEDGIKA: Sustainability and AI in Denim Design  

 

The art project IKONIKA SELVEDGIKA has been submitted for the call of The Cultural Foundation 

for the Textile Arts and the SAVARIA MUSEUM ï SZOMBATHELY GALLERY that organised the 

VIII ðInternational Triennial of Textile Arts at the Szombathely Gallery between 21 June 2024 and 31 

August 2024. The designs for the project have been realised by using the pro version of the software 

Midjourney Bot Discord v 6.0 for the creation of the design of the outfits. Figures mark the beginning 

of experimentation for the art project, illustrating how continuous re-evaluation and selection of the 

most accurate results lead to refined variations and a more precise approach to the concept. The series 

of designs below were created using /imagine [prompt]: ñI see raw denim dresses, with wide hems, 

contoured cut linesò. (Fig 1) 

 

 

 

 

 

 

 

Figure 1: Variations on a raw denim dress. Copyright 2023 AI experiments by edit@** Software: Midjourney 

Bot Discord v 6.0 

By fine-tuning AI commands, the designer corresponded to her initial expectations and generated 

designs with clear boundary lines, selvedges, and turn-ups. Fine-tuning the command resulted in 

original creations. Figure 2 shows the series of designs submitted for the call. 



Textile Science and Economy 

 14th International Scientific-professional conference 

25th October, 2024, Zrenjanin, Serbia 

Technical faculty ĂMihajlo Pupinñ, University of Novi Sad 

 

 

58 

 

Figure 2: Variations on raw denim dresses. Copyright 2023 AI experiments by edit@** 

This process allowed for more innovative, eco-friendly denim designs that pushed fashion's creative 

and technological limits. The figure shows two of the final designs selected by the jury of the 

Triennial: (left) dress AISHA, and (right) jacket AICHI and skirt AIMOTO. The pictures show the 

final images of the outfits authentically. This makes decision-making easier when choosing the best 

outfit designs. (Fig 3) 

Figure 3: Variations on raw denim dress. Copyright 2023 AI experiments by edit@** 

METHODOLOGY OF REALISATION OF THE OUTFITS  

 

Incorporating Artificial Intelligence into the creative process introduced new opportunities, but we also 

met new challenges. The methodology of the execution of the outfits presupposed a completely new 

method, given that the execution takes place in reverse order, in which the goal is to achieve the 

expected overall image, including all details of the overall aesthetics (quality of raw materials, 

proportions, construction, details, etc.) The process started with the preparation of the designer's master 

sheet, during the preparation of which the construction and proportions of the outfit shown in the 

picture, as well as its production technology, were "reconstructed". This process makes collection 

design significantly more cost-effective and sustainable, promising new challenges. Both the designer 

and the modellers have to reconstruct the outfits shown in the lifelike images from the point of view of 

construction and production technology, for which a high level of professional knowledge is essential. 
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The methodology for modelling and sewing the samples will be introduced using the example of the 

realisation of the outfit formed by the AICHI top and AIMOTO skirt. 

 

Modelling process of the AICHI top and AIMOTO skirt  

 

Based on the drawings received from the designer, the pattern makers primarily looked at the 

proportions shown in the images of the outfit and the detailed design worksheets received, including 

the detailed technical drawings (fashion flats) that were necessary to explain the details of the garment 

dreamed up by the designer. (Fig 4) The basis of production preparation is a drawing that the modeller 

and the contractor can read. [8] The designer asked for the prototype to be made in size 36. Morgan 

Tecninca's CAD program was used for the modelling process. [9] 

 

Figure 4: The AICHI's top design worksheet 

The design of AICHI's top cut patterns 

The work started with a serialised blouse basic design to create the AICHI top. (See Fig 5) 

The basic pattern for the top included a 4 cm extra comfort on the bust, and this abundance was used in 

the design of the model's pattern. Under the bust, the waist part has been transformed into a corset shape. 

The sewn-in sleeves are ¾ length, the bottom ends in a cuff and closes with three snaps. The seam width 

on the tailoring samples created was defined as 1 cm. The cut patterns of the top are shown in Figure 6. 
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Figure 5: Serialized blouse basic construction 

 
 

Figure 6: The AICHI tops cut patterns created in Morgan Pattern Design software 

 

Based on the tailoring patterns, the first mock-up was completed and slightly modified based on the 

designer's instructions. (Fig 7) 

 

 

Figure 7: The AICHI top mockup 
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Designing the AIMOTO skirt's pattern  

Creation of the cutting patterns of the AIMOTO skirt started by editing the straight-line skirt. (Fig 8) 

 
Figure 8: Serialized straight-line skirt basic pattern 

After changing the length of the skirt, we created the flare of the skirt after closing the shaping seams. 

The upper part of the skirt follows the line of the body. The skirt has a pleat in the middle. The placement 

of horizontal cut lines runs around the front and back; they are cut from separate parts. The closure is 

realised with a hidden zipper on the back of the skirt and a snap on the waistband. The skirt has a patch 

pocket running along the side. The design worksheet of the skirt is shown in Figure 9, and the cut pattern 

is shown in Figure 10. 

 

Figure 9. The design worksheet of the skirt AIMOTO 

 

The first mock-up was completed using the tailoring samples, which were slightly modified according 

to the designer's instructions (Fig. 11A). At the designer's request, the skirt was adjusted to include a 

deeper pleat and more volume. The mock-up of the outfit, displayed on a mannequin, is shown in Figure 

11B. 
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Figure 10: AIMOTO skirt patterns created in Morgan Pattern Design software 

 

 

Figure 11: AIMOTO skirt mockup (A) and the final outfit on the mannequin (B) 

 

DISCUSSION OF THE RESULTS 

 

During the production preparation work, the aim is to ensure the sustainability of the production. To 

achieve economical and optimal production, taking advantage of the possibilities of Industry 4.0, we 

created the tailoring patterns in digital form with Morgan Tecninca's CAD Pattern Design and Best Nest 

software, the advantage of which is that we can convert the files into a file format that can be opened 

in other software. The automatic creation of layout drawings by Morgan Best Nest shortens work 

processes and optimises the use of material. This method makes it easy to plan material costs. 

A B 
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The final stage of the design process was tailoring and sewing the products based on the digital tailoring 

patterns realised at Conto Bene Ltd in Serbia, Novi Pazar. The collection was presented at the VIII. 

International Triennial of Textile Arts at the Szombathely Gallery in August 2024. (Fig 12) [10] [11] 

 

Figure 12: Selected pieces of the collection IKONIKA SELVEDGIKA exhibited at the VIII. 

International Triennial of Textile Arts at the Szombathely Gallery, August 2024 

 

CONCLUSION 

 

AI is revolutionising the design and sample-making process in the fashion industry. It enables designers 

to explore a broader range of possibilities by generating multiple design variations from their initial 

concepts, enhancing creativity without replacing the human touch. AI-driven systems streamline sample 

creation, reducing the time and resources needed to develop prototypes. Combined with Industry 4.0 

pattern-making technologies, AI optimises the entire process, from design to sample production, 

resulting in faster, more efficient workflows and minimising waste in the early stages of collection 

development. It is also an effective tool for the creation of unique art collections. 

This article discussed incorporating Artificial Intelligence into the creative process, which introduces 

new opportunities and challenges. 
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ABSTRACT 

This paper explores the transformative potential of integrating Industry 5.0 technologies within the textile 

industry, emphasizing the roles of artificial intelligence, the Internet of Things, and robotics. These technologies 

improve production efficiency, quality, and customization while promoting sustainable practices through energy-

efficient processes and waste reduction. Workforce transformation is important, requiring comprehensive training 

programs and continuous skill development to align with technological advancements. The paper highlights the 

need for a skilled workforce capable of operating and maintaining these advanced systems. Comprehensive 

training programs and continuous skill development are essential to equip workers with the necessary 

competencies. Additionally, the research underscores the importance of government support through financial 

incentives, research and development (R&D) funding, and environmental regulations to create an enabling 

environment for the successful adoption of Industry 5.0 technologies. The synergy between technological 

advancements and human capital is important for achieving a competitive, sustainable, and innovative textile 

sector that can meet the evolving demands and challenges of the future.  

 

Key words: Industry 5.0, transformation, technologies, R&D.  

 

INTRODUCTION  

 

The integration of advanced technologies in the textile industry represents a significant shift towards 

modernization and efficiency. The adoption of artificial intelligence (AI), the Internet of Things (IoT), 

and robotics is transforming traditional manufacturing processes, enhancing productivity and product 

quality. AI-driven systems enable predictive maintenance, reducing downtime and operational costs, 

while IoT devices facilitate real-time monitoring of machinery, leading to optimized production 

workflows. Robotics in textile manufacturing introduces automation in tasks such as cutting, sewing, 

and quality inspection, ensuring precision and consistency. These technological advancements are 

important in addressing the challenges of modern textile production, including the demand for 

customized and high-quality products (Sikka et al., 2024). 

 

Workforce transformation is essential for the successful implementation of Industry 5.0 in the textile 

sector. As advanced technologies become more prevalent, there is a growing need for a skilled 

workforce capable of operating and maintaining these systems. This necessitates comprehensive 

training programs and educational initiatives focused on upskilling workers. Developing a culture of 

continuous learning within organizations is important to ensure that employees remain proficient in the 

latest technological advancements. Additionally, supporting collaboration between industry and 

educational institutions can help bridge the skills gap, preparing the workforce for the evolving demands 

of the textile industry (Gangoda et al., 2023). Smart manufacturing practices are increasingly important 

in promoting sustainability within the textile industry. Furthermore, integrating smart manufacturing 

with sustainable practices not only improves operational efficiency but also aligns with the growing 

consumer demand for eco-friendly products. As a result, the textile industry can achieve a balance 

between technological advancement and environmental responsibility (Ahmad et al., 2020). 

Additionally, AI improves quality control by analyzing product defects in real-time, ensuring consistent 

quality and minimizing waste. Production processes can be optimized through AI, which enables better 

scheduling and resource allocation, leading to more efficient operations and cost savings (Sikka et al., 

2024). 
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The Internet of Things (IoT) plays a important role in modernizing textile manufacturing. IoT devices 

facilitate real-time monitoring of machinery and production processes, providing valuable data for 

improving operational efficiency (Ramaiah, 2021). The integration of collaborative robots, or cobots, 

allows for human-robot interaction, where robots handle routine tasks while human workers focus on 

more complex and creative aspects of production. This collaboration increases overall productivity and 

enables manufacturers to adapt quickly to changing production demands (Verleysen et al., 2020). 

 

Big data and analytics further empower the textile industry to make data-driven decisions. The vast 

amount of data generated from production processes, customer feedback, and market trends can be 

analyzed to gain insights and drive improvements. For example, data analytics can help manufacturers 

identify patterns in customer preferences, enabling them to develop products that meet specific market 

demands. Supply chain optimization is another significant benefit, as data analytics provide a 

comprehensive view of the supply chain, helping to identify bottlenecks and inefficiencies. This holistic 

approach ensures that resources are used effectively, reducing waste and improving overall supply chain 

performance (Hack-Polay et al., 2020). Human-robot collaboration is improved through technologies 

like augmented reality (AR), which provides real-time support to workers on the factory floor. AR can 

guide workers through complex tasks, offering visual instructions and reducing the need for extensive 

training. This technology improves worker productivity and reduces the time required to achieve 

proficiency in using new machinery or processes. Safety is also improved as AR can highlight potential 

hazards and ensure that safety protocols are followed (Liu et al., 2024). 

 

Existing literature on the adoption of Industry 5.0 in traditional industries like textiles primarily focuses 

on individual technologies and their potential benefits. However, there is a lack of comprehensive 

studies that examine the holistic integration of AI, IoT, robotics, and big data analytics within the textile 

industry. This paper aims to fill this gap by providing a theoretical model that integrates these 

technologies and addresses the challenges and opportunities associated with their implementation.  

 

INTEGRATION OF ADVANCED AND WORKFORCE TRANSFORMATION  

 

The integration of advanced technologies in the textile industry is reshaping traditional manufacturing 

processes through the adoption of artificial intelligence (AI), the Internet of Things (IoT), and robotics. 

AI improves decision-making capabilities by analyzing vast amounts of data to predict maintenance 

needs, optimize production schedules, and improve quality control. Predictive maintenance systems 

utilize AI to foresee equipment failures, reducing downtime and extending the lifespan of machinery. 

IoT devices enable real-time monitoring and data collection, facilitating the seamless coordination of 

production processes and ensuring efficient resource utilization. Robotics automate repetitive tasks such 

as cutting, sewing, and inspection, increasing precision and consistency while freeing human workers 

to focus on more complex and creative tasks. These technologies collectively contribute to higher 

productivity, lower operational costs, and the ability to produce customized, high-quality textile 

products that meet evolving consumer demands (Dal Forno et al., 2023). The transformation of the 

workforce is a important aspect of successfully integrating advanced technologies in the textile industry. 

As these technologies become integral to production processes, there is a growing demand for a 

workforce equipped with the necessary skills to operate and maintain them. This necessitates the 

development of comprehensive training programs aimed at upskilling current employees and preparing 

new entrants to the industry. Educational initiatives focused on the principles of AI, IoT, and robotics 

are essential for building a skilled labor force capable of adapting to technological advancements. 

Partnerships between industry and educational institutions can play a important role in this endeavor, 

offering specialized courses and hands-on training that align with industry needs (Judijanto et al., 2024). 

Supporting a culture of continuous learning within organizations is important to keep the workforce 

abreast of the latest technological developments. Encouraging employees to engage in lifelong learning 

and providing access to ongoing training opportunities can help ensure that they remain proficient in 

new tools and systems. This approach not only improves individual capabilities but also strengthens the 
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overall adaptability and resilience of the organization in a rapidly changing technological landscape 

(Gangoda et al., 2023). 

 

Workforce transformation also involves addressing the potential displacement of jobs due to 

automation. While robotics and AI can take over routine tasks, there is an opportunity to redeploy 

human workers to areas where their skills can add greater value, such as in design, quality assurance, 

and customer service. This requires a strategic approach to workforce planning, where employees are 

supported in transitioning to new roles that leverage their strengths and experience. Additionally, soft 

skills such as problem-solving, creativity, and communication will become increasingly important as 

workers collaborate with advanced technologies to drive innovation and efficiency in textile 

manufacturing (Allais et al., 2021; Gangoda et al., 2023). 

 

SUSTAINABLE AND SMART MANUFACTURING  

 

Sustainable and smart manufacturing practices are becoming increasingly important in the textile 

industry as it seeks to balance economic growth with environmental responsibility. The adoption of 

energy-efficient technologies and waste reduction techniques plays a significant role in achieving this 

balance. Energy-efficient machinery and processes help reduce the overall carbon footprint of textile 

production, leading to lower operational costs and compliance with stringent environmental regulations. 

Implementing closed-loop systems, where waste materials are recycled back into the production 

process, further improves sustainability. Smart materials, designed for durability and minimal 

environmental impact, contribute to a more sustainable product lifecycle. Additionally, leveraging data 

analytics enables manufacturers to optimize resource use, streamline operations, and minimize waste, 

all of which are important for sustainable manufacturing (Gangoda et al., 2023). 

 

Smart manufacturing integrates advanced technologies such as AI, IoT, and robotics to create more 

efficient and responsive production systems. AI-driven analytics provide insights into production 

processes, helping identify areas for improvement and predict maintenance needs, thereby reducing 

downtime and enhancing productivity. IoT devices facilitate real-time monitoring of machinery and 

inventory, ensuring optimal performance and reducing material wastage. Robotics automate repetitive 

and labor-intensive tasks, increasing precision and consistency while reducing human error. These 

innovations not only improve the efficiency and quality of textile production but also support the 

industry's move towards more sustainable practices. For example, precise automation and real-time data 

analysis can significantly reduce water and energy consumption, addressing some of the most pressing 

environmental challenges faced by the textile sector (Ahmad et al., 2020). Economic policy implications 

are a important aspect of the textile industry's transition towards sustainable and smart manufacturing. 

Governments play a important role in creating an enabling environment through policies that incentivize 

the adoption of advanced technologies and sustainable practices. Financial incentives such as tax 

credits, subsidies, and grants can encourage investment in energy-efficient equipment and research into 

sustainable materials. Regulatory frameworks that set standards for environmental performance push 

companies to innovate and adopt best practices (Ramaiah, 2021). Trade policies also have significant 

implications for the textile industry. International agreements and regulations can influence market 

access and competitiveness. Policies promoting sustainable and ethical production practices can 

improve the industry's global reputation, attracting environmentally conscious consumers and investors. 

Conversely, protectionist measures or tariffs on imported materials and technologies can hinder the 

industry's ability to innovate and compete globally. Hence, a balanced approach to trade policy is 

essential to support the industry's sustainable growth (OECD, 2021). Investment in infrastructure is 

another important policy consideration. Public-private partnerships can facilitate the development of 

such infrastructure, ensuring that even small and medium-sized enterprises (SMEs) can participate in 

the transition to smart manufacturing (Pazilov et al., 2020). Through strategic investments and 

supportive policies, the textile industry can achieve a sustainable and technologically advanced future 

(Pazilov et al., 2020). 
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Based on the analyzed literature, a theoretical model is developed to illustrate how the integration of 

Industry 5.0 technologies can transform the textile industry. This model, presented in Figure 1, outlines 

the roles of AI, IoT, robotics, and big data analytics in optimizing production processes, improving 

product quality, and promoting sustainability.  

 
Figure 1: Model for improving the textile industry through Industry 5.0 technologies 

 

The integration of Industry 5.0 technologies significantly transforms the textile industry, improving 

efficiency, quality, and sustainability. Artificial intelligence (AI) improves predictive maintenance by 

analyzing machine data, preventing failures, and reducing downtime, while also optimizing production 

schedules and ensuring consistent product quality. The Internet of Things (IoT) enables real-time 

monitoring and tracking, improving inventory management, machine performance, and workflow 

coordination. Robotics automates tasks like sewing and cutting, increasing precision and reducing 

human error, while collaborative robots (cobots) combine human creativity with robotic efficiency. 

Augmented reality (AR) provides real-time guidance, reducing training time and supporting workers in 

complex tasks. Big data and analytics empower decision-making by providing insights into production, 

customer preferences, and market trends, optimizing supply chains and enabling product customization. 

Automated manufacturing increases throughput, reduces labor, and allows flexible production lines that 

adapt quickly to new designs. Customization capabilities cater to individual preferences, enhancing 

market appeal. Supply chain management benefits from improved logistics, real-time tracking, and 

efficient resource use, reducing waste and improving delivery times. Workforce dynamics shift with 

the need for skill development and upskilling, creating new roles in AI management, data analysis, and 

robotic maintenance. Sustainability is improved through energy-efficient technologies, waste reduction 

techniques, and eco-friendly materials, aligning with environmental regulations and consumer 

demands. Quality and compliance improve through advanced monitoring, ensuring high product 

standards and regulatory adherence.  
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SUGGESTIONS AND GUIDELINES 

 

Based on the developed theoretical model and the reviewed literature, the following guidelines and 

suggestions are proposed for effectively integrating Industry 5.0 technologies into the textile industry: 

¶ Provide tax credits and subsidies for enterprises adopting AI, IoT, and robotics in textile 

manufacturing. These financial incentives can reduce the initial investment burden and 

encourage widespread technological adoption. 

¶ Fund R&D programs focused on sustainable materials and smart manufacturing techniques. 

Collaborative efforts between research institutions and industry can accelerate innovation and 

practical application. 

¶ Implement strict environmental regulations that mandate sustainable practices in textile 

production. These regulations should be accompanied by support systems to help companies 

transition to greener processes. 

¶ Invest in education and vocational training programs to upskill the workforce in new 

technologies. Partnerships with educational institutions can create curriculums that meet 

industry needs. 

¶ Encourage collaboration between government bodies and private enterprises to develop 

infrastructure supporting Industry 5.0 technologies. Such partnerships can drive large-scale 

industrial modernization efforts. 

¶ Implement AI, IoT, and robotics systematically across production lines to improve efficiency 

and product quality. This integration should include both hardware upgrades and software 

solutions for maximum impact. 

¶ Transition to energy-efficient machinery and adopt waste reduction techniques such as closed-

loop systems. Sustainable practices not only meet regulatory requirements but also appeal to 

environmentally conscious consumers. 

¶ Establish ongoing training programs to keep employees updated with the latest technological 

advancements. Encouraging a culture of continuous learning ensures the workforce remains 

adaptable and skilled. 

¶ Utilize big data and analytics to optimize production processes, supply chain management, and 

customer engagement. Data-driven strategies can significantly improve operational efficiency 

and market responsiveness. 

CONCLUSION 

 

The transformation of the textile industry through the integration of Industry 5.0 technologies represents 

a important shift towards improved efficiency, quality, and sustainability. The adoption of advanced 

technologies such as artificial intelligence, the Internet of Things, and robotics significantly impacts 

production processes, supply chain management, and workforce dynamics. AI-driven predictive 

maintenance, real-time monitoring enabled by IoT, and the precision offered by robotics collectively 

improve operational efficiency and reduce costs. These technologies facilitate the production of 

customized, high-quality products, meeting the evolving demands of consumers and increasing the 

competitiveness of textile manufacturers. Future research should focus on empirical studies that validate 

the proposed theoretical model by analyzing case studies of textile companies that have successfully 

integrated Industry 5.0 technologies. Comparative studies across different regions or textile sub-sectors 

could provide insights into the unique challenges and opportunities associated with these technologies. 

Additionally, research could explore the role of government policies and economic incentives in 

supporting the adoption of Industry 5.0 technologies in traditional industries.  
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ABSTRACT  

 

This research addresses the most pressing issues facing the textile industry and offers a solution that prioritizes 

sustainability. Our goal is to create a collection for the European market that fully utilizes local resources and 

serves as a worthy representative of slow and sustainable fashion. The materials used in the collection are linen 

fabrics made from plant fibers.  

 

In the patterning of the collection, unique dyeing and printing techniques were prioritized, focusing on minimizing 

environmental impact. The article presents research into ancient dyeing techniques from various cultures around 

the world. After experimenting with these selected techniques, an ancient Japanese method, Tataki-zome, emerged 

as the most beneficial in a number of ways. In addition to its natural, aesthetic appearance, it has the advantage, 

that only compostable parts of plant elements with minimal moisture content are left as waste after the patterning 

process. The collection's pieces are designed according to the principles of zero-waste pattern design, meaning 

that the models are made without shaping, using simple geometric elements in a variety of combinations. 

Reflecting the zero-waste ppattern design and the use of raw plant elements, the collection is called "ZERAW." 

 

Key words: 1. sustainability, 2. Tataki-zomé, 3. zero-waste, 4. hemp 

 

INTRODUCTION  
 

The climate change currently underway can be traced back to the Industrial Revolution. The 

globalization brought about by industrialization has led to a series of environmentally harmful human 

activities, which have caused the global warming we are experiencing today. Geological research shows  

that numerous climate changes have occurred on the Earth's surface throughout its history. However, it  

is likely that this is the first one caused by an extremely complex series of incorrect human activities. 

 

The main cause of the problems leading to global warming is industry. The fashion industry is currently  

considered the second largest polluting industry in the world, right after the oil industry. The textile 

industry has both direct and indirect impacts on global warming. More than 60% of textiles are used by  

the clothing industry. More than half of the world's textile factories are located on the Asian continent,  

in China, India, Bangladesh, and Indonesia. Most of the textile factories operating in both these 

countries and European countries run on coal, contributing to 10% of the annual global carbon dioxide 

emissions. 
 

The Role of the Fashion Industry in Environmental Pollution 
 

Å Water Pollution 

An estimated 97% of the Earth's water supply is made up of salty oceans and seas. Of the freshwater 

available to us, according to some records, households use 8%, industrial activities consume 22%, and  

70% is allocated for irrigation. The fashion industry uses an enormous amount of clean water for textile  

productionðan estimated 79 billion cubic meters globally each year, which accounts for 2% of our 

freshwater supply. Based on current consumption trends, this figure could double by 2030. [1] 
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Å Soil Pollution 

The artificial substances used in cotton production are another major source of water and soil pollution.  

Conventionally grown cotton requires large amounts of pesticides to ensure healthy crops. Poor-quality  

fertilizers with excessively high nitrogen content have a particularly damaging effect on soil quality, 

and they also release nitrous oxide into the atmosphere, which has a more harmful impact on the ozone 

layer than carbon dioxide emissions. 

 

Å Fast Fashion 

The fashion industry has completely transformed over the last three decades. While fashion seasons 

used to be divided into two or four parts, today's clothing market with its 52 micro-seasons pushes 

consumers to buy more and more. 

 

Due to the accelerated pace of fashion, global garment production doubled between 2000 and 2014 and 

has continued to show steady growth since. The average person now buys 60 percent more clothing 

annually and keeps their items for about half as long as they did 15 years ago. As consumption increases, 

so does the amount of discarded textiles that end up as waste. [2]  

 

 
Figure 1.  Clothing that ends up as waste each year - Fashion at the 

crossroads, Greenpeace [2] 

Reuse and Recycling 

People are trying to respond to factory overproduction through reuse and recycling. Various 

organizations have set up collection points to return used clothing gathered by the public back to the 

market. Garments that are not resold after collection are transported to recycling plants. However, the  

entire recycling process is very time-consuming and, as a result, not a particularly cost-effective 

procedure. [3] 
 

EFFORTS FOR AN ETHICAL AND SUSTAINABLE FASHION INDUSTRY  
 

Fair Trade Fashion 

Fair trade fashion refers to fair trade in the clothing industry, where products must be made in 

accordance with ethical trade standards. The fair trade fashion movement seeks to help manufacturers 
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and producers in developing countries establish fair conditions. These principles provide space and 

opportunity for the slow fashion movement to gain popularity. [4] 
 

A Slow Fashion Movement 
 

Slow Fashion is a mindset that places conscious thinking about fashion as its core value. Followers of 

the movement aim to return to pre-industrial ways of thinking, emphasizing the art of garment-making  

and supporting artisans as well as green technologies. 

 

Key characteristics of a Slow Fashion brand include: 

 

Å Producing items from high-quality, sustainably sourced materials, 

Å Choosing local, regional markets as the primary points of sale, 

Å Prioritizing local producers for sourcing materials, 

Å Creating 2-3 collections per year for sale. 

 

The focus is on creating timeless, high-quality garments with enduring fashion value. This allows  

consumers to develop an emotional attachment to their clothing, encouraging them to treat it with care. 

[5] 
 

Domestic Precedents 
 

The design and execution of sustainable collections began to gain strong momentum in the early 2010s,  

both domestically and internationally. 

 

Botanika was founded in 2012 by Sára Hajgató. The aim of her business is to connect urban lifestyles 

with nature, avoiding harmful chemicals and instead using dye plants and the art of natural hand-dyeing  

to create clothing and accessories. [6] 

 

Founded in 2014, Kamorka Design was one of the first in Hungary to embark on the path of organic 

design. The brand's philosophy is that expressing individuality through clothing can be achieved in a 

sustainable way. To this end, everything from design to production takes place in Hungary. They work  

exclusively with natural textiles, most of which are certified by the Global Organic Textile Standard 

(GOTS), and their collections focus on comfort and durability. [7] 

 

 
 

Figure 2.: Kamorka design [7] 
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Market Research 

From the perspective of social responsibility, we have chosen pregnant women as our target group. 

They are the ones who often become extremely sensitive to their environment and, through their ifestyle, 

take on significant responsibility for another person's well-being and future behaviour. After analysing 

the survey, we observed many gaps in the possibilities for an environmentally conscious lifestyle. Two- 

thirds of the 150 respondents are not familiar with the Slow Fashion movement. While they are mostly  

aware of the potential allergic effects of toxic dyes, they are not sufficiently informed about their 

presence or how to avoid them. 62% would buy eco-friendly maternity clothes if they knew of any 

brands. To promote home sewing and craftsmanship, they would gladly purchase product packages 

containing semi-finished, easy-to-assemble models. 
 

NATURAL PAINTING AND PATTERNING TECHNIQUES  

 

Researchers trace the history of textile dyeing back to the end of the Stone Age, when textiles were 

dyed with substances extracted from common, locally available plants. Clothing with permanently 

vibrant colours was considered a luxury item. Most natural dyes were obtained from plant parts: roots, 

fruits, bark, leaves, and stems. In the early 1800s, English chemist William Henry Perkin accidentally 

discovered the first synthetic dye, aniline. After Perkinôs discovery, the possibilities provided by organic  

chemistry led to the unstoppable spread of synthetic dyes. 

 

The oldest and simplest form of textile dyeing is using dye plants for colouring. We know of countless 

plants capable of dyeing, but only those that can produce lasting colour are considered true dye plants.  

These are used with natural textile materials, which must be boiled in alkaline water before dyeing so 

the fibres soften and become easier to dye. The acidity of the dyeing substance can regulate the 

durability of the dye and how well it stays in the material. [8] 

 

Å The Ice-Flowers technique, developed by India Flint, a nomadic botanist, allows for the extraction of 

purple and deep red colours from flowers using a freezing method. 

Å Resist dyeing is the most traditional type of textile patterning. A layer that resists dyeing is applied to 

the material by chemical or mechanical means. The two most well-known resist dyeing techniques are 

tie-dye and batik. 

Å Eco-Print  is a textile patterning technique in which flowers, leaves, or entire plants are used to leave 

their shape and colour on the fabric through so-called printing. The eco-print technique is most 

commonly used on animal-derived fabrics, particularly wool or silk, but it can also be applied to cotton, 

linen, hemp, and other plant fibres. Leaves are placed between two layers of fabric and tightly rolled. To fix 

the prints, the fabric is placed over hot steam for about 2 hours. The durability of the prints can be 

increased by keeping the material warm and delaying the unrolling. At the end of the process, the fabric 

is briefly soaked in water with baking soda to neutralize the iron sulphate, and then the fabric can be 

cleaned with a simple neutral pH detergent. 

Å Tataki-zomé is a traditional Japanese method for creating patterns on textiles, paper, or other surfaces 

using raw plants. This technique is extremely simple but requires practice and attention to achieve a 

beautiful result. Raw leaves, flowers, or entire plants are placed on the surface to be patterned, then 

covered with another absorbent surface to remove excess moisture, and a heavy object like a hammer 

is used to mechanically transfer the pattern. Afterward, the plant material is removed from the surface. 

The technique can be used with virtually any plant, though its effectiveness depends on the plantôs 

pigment content, moisture, stiffness, and waxiness. For textiles, the durability of the patterns depends 

on the type of fabric, the fixing technique, andthe type of washing used. [9] 
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Figure 3.: Eco-print technique and the Tataki-zomé patterns on cotton fabric (source: 

https://www.instructables.com/ECO-PRINTING-on-Silk-and-Cotton-Fabric/) 

 

Painting and Patterning Experiments, Results and Experiences  

 

For the dyeing experiments, we selected linen fabric, linen-ramie blend fabric, raw linen canvas, and 

hemp fabric. We used cotton as an inverse auxiliary material for experimenting with the Tataki-Zomé  

method. 

 

Calcium carbonate, commonly known as chalk or limestone, is the most suitable mordant bath for 

thefour samples. Calcium carbonate powder is easily obtainable, as it is also used in winemaking to 

regulate acidity and is an environmentally friendly choice. 

 

The recipe for the calcium carbonate bath is based on a description by Botanical Colours [10]: 

Å 100 grams of dry vegetable fibre 

Å 5 grams of calcium carbonate 

Å 500 ml of water 

 

One-third of the fabrics prepared for dyeing were placed in a pre-prepared beet dye. The remaining 

forty samples were prepared for patterning without dyeing. We applied the Eco-Print technique to five  

samples of each fabric type, and the Tataki-zomé technique to the remaining samples. 

 

The Eco-Print patterns were created as previously described. The plants were collected from our own 

garden and soaked in a mixture of vinegar and water for 6 hours before use. The iron solution was made  

by soaking rusty nails in water and adding vinegar. The prepared textiles were then placed over steam  

for two hours. 

 

Despite its extreme simplicity, the Tataki-zomé technique presented many challenges. For 

sustainability, we wanted to use plants that could easily be sourced from nearby wild-growing areas. 

We primarily examined the properties of plants considered weeds or invasive species, but not harmful 

to humans, in an effort to minimize the ecological footprint of the experiments. Using pre-prepared 

fabric samples, we tested various plants. During the experiment, achieving a smooth surface and even 

patterns required understanding the properties of the plants. The shape and weight of the hammer also had to be 

adjusted to the moisture content of the plants. The results of the experiment are shown in Figures 4 and 5. 
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Figure 4.: Eco-print patterning method on four       Figure 5.: Tataki-zomé patterns with field plants                                                        

m                                                                                               types of fabric samples 

In the Tataki -Zomé patterning, moving from left to right, the plants used are: hoary plantain, fumitory,  

common yarrow leaves, tufted vetch, elecampane, and wild parsnip. 

 

After experimenting with dyeing and patterning, considering several factors (tool, material, and labor  

requirements, as well as durability, reactivity, and overall effect), we evaluated the different materials  

and techniques. This led us to choose linen as the fabric and the Tataki-Zomé technique. 
 

MODELLING METHOD  

Before starting the modelling experiments, we conducted a form-finding study to create simple and  

clean shapes, and to minimize environmental impact using zero-waste cutting techniques. 

 

Zero-waste design refers to a process in which 100% of the available fabric is utilized, reducing waste  

to zero. 

 

The collection's style is minimalist, aiming for a natural appearance, based on the complete elimination  

of unnecessary elements and design features. An important part of the concept is the comprehensive 

consideration of environmental and health protection aspects, while ensuring high quality to maximize  

the durability and lifespan of the products. 

 

During the cutting process, the use of geometric shapes allows for simple lines without shaping seams, 

which are further emphasized by the natural fastening solutions of the garments. In the design of the 

clothes, we also prioritized ease of wear and comfort. 

 

 
Figure 6.: Mock-ups and lay-up drawing on 140 x 150 cm fabric 
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As a preliminary step to collection design, we determined the most suitable production methods for the 

models, in line with the environmentally conscious principles of slow fashion. The patterns were 

designed individually, based on the customers' preferences for colour and shape. In personal design, the  

focus is on the individualôs personality and style, making the product feel more personal. Consumers 

tend to value and care for items they perceive as personal, which, along with high quality, helps extend  

the lifespan of our products. Reflecting the zero-waste pattern design and the use of raw plant elements,  

the collection is called 'ZERAW'. 

 

The model designs are shown in Figure 7, and photos of the completed garments are in Figure 8. 

 
Figure 7.: Fashion sketches of 10 models from front view 

 
 

Figure 8.: Models of the finished collection 

CONCLUSION 

 

This research and experimentation, along with the creation of the sustainable collection, highlighted 

that there is an alternative to the mass-produced products of today's fast-paced, wasteful fashion 

industry.  

Examining the market potential of the ZERAW collection, a survey-based market research conducted 

with 150 participants revealed that they were all open to purchasing environmentally conscious 

products; however, there is a significant need for raising awareness about the issue. 

 

In the search for the ideal material, we conducted natural dyeing and patterning experiments on the 

tested fabrics. Based on the analysis, we chose linen as the main material for the collection. Its 

reintroduction into the textile market could significantly reduce the ecological footprint of material 

production. 

 

For the concept of natural design, the Tataki-Zomé technique proved to be the most suitable patterning  

method, while in zero-waste design, the minimalist style with simple lines was emphasized. 
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ABSTRACT  

 

Sustainability in fashion is not just a trend but an urgent necessity in the context of current ecological and social 

crises. As global awareness of these issues grows, the fashion industry is increasingly pressured to rethink its 

production and consumption models, considering the long-term impact on the planet and society. Textile 

techniques can become a powerful tool in designing and promoting sustainable fashion and a more conscious and 

responsible lifestyle. 

 

Keywords: sustainability, recycling, textile techniques, felting, embroidery, Sashiko, Chenille 

 

INTRODUCTION  

 

The purpose of this article is to emphasize the importance of adopting traditional and artisanal textile 

design techniques in fashion sustainability, which can be achieved through a series of creative and 

effective strategies such as dry felting, textile printing, embroidery (including Sashiko), and the Chenille 

technique. I have experimented with these techniques alongside students from the Faculty of Arts and 

Design, specializing in Fashion-Design and Decorative Arts-Textile Design. 

 

Sustainability in fashion is crucial for creating a balance between current needs and the ability to protect 

the planet and society for future generations. The fashion industry is one of the most polluting industries 

globally. Mass production and fast consumption of clothing generate large amounts of textile waste, 

carbon emissions, and chemical pollution, contributing to environmental degradation. 

 

Fast Fashion 

 

Fast Fashion encourages frequent purchases and the discarding of clothes after a short period of use, 

leading to increased textile waste that ends up in landfills or is incinerated. Textile production, 

especially cotton, requires large amounts of water, putting pressure on freshwater resources in regions 

already affected by drought and climate change. The extraction and processing of raw materials for 

textiles, such as petroleum for polyester, contribute to the depletion of natural resources and 

environmental pollution. 

 

In many textile-producing countries, workers face low wages, unsafe working conditions, and excessive 

working hours. Sustainability in fashion also includes aspects of social justice, promoting ethical 

production and respecting workers' rights. Consumers are becoming increasingly aware of the impact 

of their clothing choices and demand products that are manufactured responsibly, both ecologically and 

socially. Access to information and awareness campaigns promoted through social media and other 

digital channels have contributed to the growing interest in sustainable fashion. 

 

There are step-by-step tutorials showing how these techniques can be used to create durable clothing or 

to refurbish old garments. Visual posts on platforms like Instagram, YouTube, Pinterest, or TikTok 

share images and videos demonstrating the use of traditional textile techniques in fashion design. 
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The fashion industry is responsible for a significant percentage of global CO2 emissions. Adopting 

sustainable practices helps reduce this footprint and combat climate change. There is an increasing 

demand for innovative solutions such as eco-friendly materials and low-impact production processes 

that contribute to a greener future. 

 

An example would be fabrics made from ocean plastic waste, which represent an important innovation 

in sustainable fashion, addressing two major problems: ocean plastic pollution and the negative impact 

of conventional textile production on the environment. The process involves collecting, cleaning, and 

processing plastic, which is then transformed into textile fibers such as recycled polyester. The 

production of recycled fibers from plastic generates fewer carbon emissions compared to the production 

of new fibers from petroleum-based raw materials. This innovation not only helps clean the oceans but 

also demonstrates how the fashion industry can adopt more eco-friendly and sustainable solutions. 

 

Promoting and developing applied textile design techniques in specialized courses and creative 

workshops can form new generations of designers who will continue to innovate and redefine fashion 

by using these techniques. 

 

Techniques Such As Wet Felting, Dry Felting, And Nuno-Felting 

 

Techniques such as wet felting, dry felting, and nuno-felting are used to create unique and artistic textile 

pieces, each with its own particularities. However, there are some similarities between them, especially 

in the context of fashion design: they use the same basic material: wool or natural fibers such as silk or 

cotton. Wool fibers are manipulated to interlock and fix together, forming a solid textile material. In the 

case of wet felting and nuno-felting, water and soap are used to facilitate this process, while dry felting 

uses a special needle to compress the fibers. These techniques are often used to create unique clothing 

pieces such as garments, scarves, hats, or accessories due to the manual nature of the process. 

 

There are several essential differences between wet felting, dry felting, and nuno-felting techniques that 

influence how they are used in fashion design. Wet felting uses warm water and soap to help wool fibers 

interlock and fix together. The process involves manual rubbing and pressing of the fibers until they 

compact and form a solid material, which requires a lot of manual labor. 

 

Dry felting (with a needle) involves manipulating wool fibers with the help of a special needle with 

small barbs. Through repeated needle pricks, the fibers compress and tangle, forming a compact 

material. No water or soap is used, and this technique offers greater control over fine details. Although 

it may be quicker for small pieces or details, it is a meticulous process when working on larger or more 

complex pieces. It is ideal for creating precise details and sculptural shapes. 

 

Nuno-felting combines wet felting with the use of a base material such as silk on which wool fibers are 

placed and felted. Water and soap are used to make the wool fibers adhere to the base fabric, creating a 

lightweight and airy composite textile material. It is a more complex technique because it involves 

integrating multiple materials. It requires knowledge of both wet felting and handling thin fabrics but 

allows the creation of very special materials with unique properties. 
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                    a)                                                                b)                                               c) 

Figure 1. a)  Making a clothing product by wet felting, b) Shawl made by Nuno felting c) Dry felting on the 

denim jacket 

 

Embroidery 

 

Embroidery is done through decorative stitches applied either by hand or with a sewing machine. It is 

a traditional decorative technique that adds aesthetic and cultural value to each garment. 

 

It can revive old or damaged clothes, extending their life and preventing waste. Traditional motifs are 

creatively reinterpreted, contributing to the exploration and innovation of modern aesthetics. It is a 

meticulous and time-consuming process, resulting in high-quality products with fine details and 

increased durability. Natural or organic threads and materials (such as mercerized cotton, recycled 

cotton, organic silk, linen threads, etc.) are used, which are more environmentally friendly. By 

promoting these materials, the fashion industry can reduce its negative impact on the environment, such 

as carbon emissions and water pollution. 

 

                                     
a)                                                                                           A)        b) 

Figure 2: a) Handmade embroidery on denim jacket                     b)  Handmade embroidery on silk veil 
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a)                                              b)                                                                       c) 

Figure 3: a) Hand made embroidery on the denim jacket,  b) Embroidery on sports blouse, c)E.E. Riemschneider, 

embroidery 

 

Japanese Sashiko Embroidery 

 

Japanese Sashiko embroidery is a traditional technique originally used for repairing and reinforcing 

fabrics, combating the habit of discarding clothes after wear, and aligning perfectly with the 

sustainability trends in contemporary fashion. At the same time, it adds a unique decorative element, 

transforming an old or damaged garment into a piece of textile art. 

 

It consists of small, repeated, dense stitches that not only repaired but also provided insulation against 

the cold. These stitches are made on the surface of the fabric, and the technique involves passing the 

thread through multiple points at once, resulting in a series of straight and regular lines, usually in a 

simple geometric pattern. Unlike traditional embroidery, Sashiko is more about regularity and repetition 

than the complexity of the stitches. 

            
       Figure 4:Traditional Sashiko Design Patterns               Figure 5: Sashiko Design Stitched Patterns 
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White cotton threads are often used on natural fabrics, typically blue or indigo cloth, giving Sashiko its 

distinctive appearance. In sustainable fashion, organic or recycled materials can be used, thereby 

reducing environmental impact. 

By repairing and personalizing old clothes using Sashiko, designers and consumers help reduce material 

waste and extend the lifespan of clothing items. This approach promotes a conscious and sustainable 

lifestyle, emphasizing the Japanese philosophy of resource conservation. 
 

                                    
Figure 6: Denim jacket with Sashiko embroidery on the back     Figure 7: Sashiko technique sewn on patches of fabric 

 

   
Figure 8: Sashiko embroidery on jacket and denim jeans with colored thread 

 

Chenille Technique 

 

The Chenille technique involves layers of cut fabrics to create a textured and velvety effect, which can 

transform fabric scraps or old clothes into new and attractive pieces, contributing to the reduction of 

textile waste. 
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Figure 9: Chenille technique                                                   Figure 10: Detail 

 

Two layers of basic material are used, a lower one on which scraps of fabrics, fibers, natural threads are 

placed that overlap in several rows creating a decorative composition, and a second upper material on 

which drawings are made. The more colorful the materials, the more interesting the result. Fix 

everything with a temporary adhesive spray. Draw parallel lines 2-3 cm wide on the face of the material, 

which can be straight or curved. Pin all the materials then start sewing along the drawn lines. It is similar 

to the quilting technique. 

 

Next is the cutting of the material between those sewn lines with the help of a special-cutter device that 

makes this much easier and faster, or with scissors in its absence. Great care must be taken when cutting 

so as not to cut the lower material, i.e. the base. Next comes the washing process in the washing 

machine. It is also possible to intervene, when the material is dry, with a wire brush on the edges of the 

cut rows, helping to unravel the threads to achieve a fluffy texture. 

 

 
Figure 11: Chenille cutte 

 

Chenille allows for a high degree of customization and innovation, giving sustainable designers the 

opportunity to create unique and memorable pieces that appeal to consumers who value both beauty 

and environmental responsibility. It is a technique that creates a versatile and elegant material, widely 

used in various interior design and fashion applications, due to its pleasant texture and sophisticated 

appearance. 
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Figure 12: Lavinia Toader, 1st year student 2023-2024 FAD 

 

 

Figure 13: Ana Percea, 1st year student 2023-2024 FAD, sketch-materials-finished work 

 

                     
Figure 14: Chenille technique on the bag                                  Figure 15: Chenille technique on jacket 
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2 

Figure 16: Denim vest customized by Chenille technique 

 

Chenille is less commonly used in garments such as sweaters, jackets or even scarves. The material is 

soft and warm, which makes it ideal for cold season clothing. Plus, its bright and full look adds a touch 

of style to any outfit. 

By combining traditional techniques with modern shapes and innovative materials, designers create 

pieces that are both functional and aesthetically pleasing, with an emphasis on detail and craftsmanship. 

Reusing and refurbishing old clothes by adding new details or transforming them through different 

methods can extend the life of clothing products and reduce material waste. This is an innovative 

solution to combat environmental issues related to the fashion industry. 

Innovative techniques can redefine the concept of luxury in fashion. Rather than relying on expensive 

materials, luxury can be defined by attention to detail, craftsmanship and the uniqueness of each piece. 

This kind of luxury gives value to clothes not just through the materials used, but through the time, 

effort and creativity involved in the design and execution process. 

 

Innovation and creativity allow designers to experiment with new materials and textures, transforming 

the traditional canvas into a limitless creative medium. For example, smart materials, such as textiles 

that change color or texture depending on temperature, enable the creation of dynamic garments that 

interact with the environment. 

 

The integration of advanced technologies, such as 3D printing on textiles or digital embroidery, allows 

the creation of complex and detailed designs that would not be possible with traditional methods. These 

innovations open new horizons in clothing design, offering the possibility to customize and create 

unique pieces, adapted to the needs and preferences of each individual. Sustainability in fashion 

promotes the use of renewable, recycled or biodegradable materials that have a lower impact on the 

environment. 

 

CONCLUSION 

 

In an era where the fashion industry is under increasing pressure to adopt sustainable practices, 

traditional techniques such as felting, embroidery, Sashiko, Chenille and others are proving to be not 

only artistic methods, but also valuable solutions for a future more sustainable. These techniques not 

only extend the life of clothes and reduce waste, but also revalue the craft, supporting local communities 

 
2 https://ro.pinterest.com/pin/114208540542524591/ 

 

https://ro.pinterest.com/pin/114208540542524591/
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and promoting responsible consumption. Incorporating these methods into contemporary fashion design 

not only enriches each piece aesthetically, but also provides a tangible way to reconnect with traditions 

and the environment. Thus, fashion can become a catalyst for change, combining beauty with 

responsibility, and proving that personal style can go hand in hand with ethics and sustainability. 
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din-lana?srsltid=AfmBOopQXgt4CpHtd-zmMt7JYEN8iC_I-u8I51BN7x1rC6tjmQArj8j2 

4. https://www.youtube.com/watch?v=3IxCDkh-evs Wet Felting Tutorial for Beginners: How to Wet Felt 

Wool Fabric // Wet Felting Techniques 

5. https://www.youtube.com/watch?v=9moxkOB-CSI FELTING How to make 3D texture with felt ʇʘʥʥʦ 

ʠʟ ʰʝʨʩʪʠ ʈʘʙʦʪʘ ʩ ʙʣʦʢʠʨʘʪʦʨʘʤʠ 

6. https://www.youtube.com/watch?v=wmIaR-xUvxg How To Felt - Wet Felting - Super Simple Textiles 

7. https://www.youtube.com/watch?v=lenZpW96jw8 How to nuno felting - DHG Tutorial 

8. https://www.youtube.com/watch?v=3zE97-qWRQE Baby Lock Embellisher - Unboxing 

9. https://www.youtube.com/watch?v=Ju_seKAuC24 Pete and His new Pfaff felting machine. 

10. https://www.youtube.com/watch?v=I_PqOseAVmA How To Embroider On Clothing: Stick & Stitch 

Step By Step Tutorial 

11. https://www.youtube.com/watch?v=A73Br4pcFv4 UNBELIEVABLE DIY Fabric Manipulation 

Techniques (WOW!) FABRIC SLASHING ON DENIM(REUSE OLD SCRAPS) chenille 

12. https://www.youtube.com/watch?v=ddJVqz8-BzM&t=425s Fabric Slashing - Craft with Me 

13. https://www.youtube.com/watch?v=8GJwgWQ42uY&t=189s SLASHING! Fabric manipulation ideas 

to upcycle your scraps | How to do FABRIC SLASHING/CHENILLE 
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ABSTRACT 

 

The fashion industry is rapidly embracing digitalisation. It is therefore necessary to quickly learn the techniques 

of digital fashion design using appropriate design resources integrated in a relatively complete digital environment 

(databases, design knowledge bases, interfaces). As part of the Erasmus+ project Digital Fashion (2021-1-RO01-

KA220-HED-000031150), a new online platform is being developed to support the teaching and learning of digital 

fashion with a knowledge library for virtual fashion design through personalised virtual 3D garment fitting. This 

platform contains three main knowledge databases: one for textile materials, one for garment models and one for 

3D models of the human body, resulting in simulations of 3D prototypes of garments for the chosen garment/body 

size and textile. Teaching materials such as the fashion database, the fabric database, the garment database and e-

shopping for garments have been developed for teaching and learning digital fashion design and are also part of 

the Digital Fashion platform. This paper briefly introduces the Digital Fashion platform and the teaching material 

for the fashion database, which emphasise the importance of design elements in digital fashion design. 

 

Key words: Erasmus+, Digital Fashion project, e-learning, online platform, fashion database  

 

 

INTRODUCTION  

 

The fashion industry is undergoing a rapid transformation driven by digitalisation, reshaping design, 

production and education. In response to the growing demand for digital fashion skills, the Erasmus+ 

project Digital Fashion (2021-1-RO01-KA220-HED-000031150) is developing an innovative online 

platform that supports the teaching and learning of digital fashion. The platform provides a 

comprehensive knowledge library for virtual fashion design that presents simulations of virtual 3D 

garments depending on the chosen size of the garment and textile material. It integrates extensive 

databases of textile materials, garment models and 3D human body models to provide students and 

professionals with invaluable resources for the creation of virtual 3D garment prototypes. 

 

The Erasmus+ project DigitalFashion, officially called Collaborative Online International Learning in 

Digital Fashion, is a three-year initiative launched in February 2022. It is coordinated by the National 

Research and Development Institute for Textiles and Leather (INCDTP) in Romania. It is co-funded by 

the European Commissionôs ERASMUS+ program under the Strategic Partnerships for Higher 

Education. The project partners include the National Higher School of Arts and Textile Industries in 

France (ENSAIT), the Hogent University of Applied Sciences and Arts Gent in Belgium, the University 

of Maribor in Slovenia, the Textile and Clothing Technological Center (CITEVE) in Portugal, and the 

Gheorghe Asachi Technical University Iasi in Romania. The Erasmus+ project DigitalFashion is the 

fifth in a series of successful projects dedicated to e-learning in the wider textile sector. The projects 

were carried out by a consortium made up of universities and institutes from various European 

countries. The first project of this type was entitled E-learning course for advanced textile sectors ï 

Advan2Tex and was carried out in the period 2014-2016. As part of the Advan2Tex project, a Moodle 

online teaching/learning platform was developed (https://www.advan2tex.eu/portal/), and serves as an 

educational platform for all five projects. The Knowledge Matrix for Innovation and Competitiveness 

in Textile Enterprises ï TexMatrix project followed in the period 2016-2018. The Advan2Tex project 

aimed to provide e-learning content for textile professionals, young entrepreneurs and students in higher 

education. Seven e-learning modules were developed to encourage the target groups involved to apply 
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the knowledge in their own textile businesses. The TexMatrix project was based on an organisational 

management tool called Knowledge Matrix for Innovation, which was used to quantify/improve the 

intangible assets of the innovation capability of the participating textile companies. The third project, 

Skills4Smartex - Smart textiles for STEM training, was implemented in the period 2018 -2020. It was 

a strategic partnership - KA2 - VET, in the field of innovation transfer from research institutions to 

textile companies and VET institutions. The fourth project, OptimTex - Software tools for textile 

professionals, is entirely focused on the new trends in the digitalisation of the entire textile and clothing 

sector. This project aimed to improve the knowledge and skills of university students in the field of 

software applications and to increase their employability in textile companies by providing appropriate 

training tools for their profession (Penko T. et al., 2022). 

 

The main results of the project are: PR1. New methodology for a common framework for collaborative 

international online learning in the field of digital fashion; PR2. Knowledge library (the three databases) 

for virtual fashion design and technology; PR3. Training platform for fashion design through 

simulations of 3D virtual garment prototypes; PR4. Curricula for collaborative international online 

learning in the field of digital fashion.  The first project result analysed the digital skills required for 

virtual prototyping technologies in fashion and clothing companies in five European countries. A survey 

of 35 fashion and clothing companies was conducted to assess their digital skills and use of virtual 

fashion technologies and to develop a methodology for online collaborative learning in the digital 

fashion sector. The analysis of the survey revealed that virtual fashion technologies are desirable in the 

apparel development process. The results also show a clear need for training in the field of digital 

fashion and a need for the profession of 3D designer, Figure 1. To address this, the project partners have 

started to develop a training platform in the next phases of the project, focussing on virtual 3D garment 

prototypes and based on the developed databases (Rudolf A. et al., 2022). 

 

 
Figure 1: Existing and required professional profiles in the field of garment design 

 

The creation of the knowledge databases was the second result of the Digital Fashion project. The 3D 

garment database was created using four selected garments (men's shirt, men's trousers, women's 

blouse, women's skirt) collected by the project partners. Each project partner provided patterns for a 

womenôs skirt, a womenôs blouse, menôs trousers and a menôs shirt. The database contains patterns for 

10 different skirts, 10 blouses, 5 shirts and 8 menôs trousers. In addition, 2 menôs polo shirts, 1 pair of 

menôs shorts, 1 pair of menôs sweatpants and 1 menôs T-shirt have been added to the database. The 

patterns for the garments were graded into different sizes. The 3D human database comes from 

HOGENTôs Smartfit database. Smartfit is a national measurement study conducted in Belgium. The 

database contains the body measurements of more than 5000 Belgian men and women between the ages 

of 3 and 85. Avatars of young women aged 18 to 25 in sizes 38, 42 and 46 were chosen for the 

DigitalFashion project. The fabric database contains 49 physical textiles, both woven and knitted, while 

each partner provided at least two textiles commonly used for the selected garments and their respective 

styles. The structural, physical and visual parameters of the fabrics were determined on the basis of 
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known textile standards, as was the drapability of the fabrics using the Cusick Drape Tester. The drape 

coefficients (DC), the number of nodes, the amplitude and the length of the nodes were calculated using 

the Drape Analyser software. In addition, orthogonal projections of the drape of the textiles were 

recorded with a digital camera, allowing the 49 fabrics to be digitised, Figure 2. The entire process 

comprises for digitising the fabrics have three main steps: 

Á Step 1 (estimation of drape parameters): A drape image of a real fabric is processed, and five 

drape parameters (explained in the next section) of the real fabric are estimated by extracting 

information from the image using image processing techniques, 

Á Step 2 (Clustering): The digital fabrics in the Lectra database are categorised into different 

groups based on their drape parameters and the number of nodes in the real fabrics 

Á Step 3 (Prediction): A series of machine learning classification models are applied to identify 

the closest digital fabric based on the results of Step 1 and 2 and the weight of the real fabric, 

and is described exactly in the paper (Odhiambo S., et al., 2024). 

 
Figure 2: The process of drape parameters estimation 

The development of the Digital Fashion platform was the third project result and can be found on this 

link https://digitalfashion.ensait.fr/. The homepage displays platformôs functions and data, Figure 3(a). 

The displayed content includes three parts: 

Á Objectives: This section contains the purpose and vision of the platform and prompts the site 

visitor to find all project results and info on the website http://digitalfashionproject.eu/, Figure 

3(b). 

Á Garment Images: This section is about the displaying the garment database, including two types 

of garments (women blouse and skirt). 

Á Fabric Images: In this section you will find the fabric database, with 49 fabrics with different 

appearances and styles. 
 

 
 

(a) (b) 

Figure 3: Digital Fashion project platform (a) and Digital Fashion project website (b) 

 

In the menu bar it can be find buttons for accessing databases: 

Á 3D human database, which contains 3D and 2D avatar images of women aged 18 to 25 years 

in sizes 38, 42 and 46, Figure 4(a), as well as information on the avatarsô body measurements 

https://digitalfashion.ensait.fr/
http://digitalfashionproject.eu/
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according to ISO 8559:1989 + EN 13402-1:2001. The length measurements are based on an 

average height of 166 cm. 

Á The pattern database contains the data of blouse and skirt patterns, including name, style and 

technical drawing, Figure 4(b). 

Á The fabric database consists of a total of 49 fabric samples (F1-F49) for the design of 8 garments 

(two menôs shirts, two menôs trousers, two womenôs blouses and two womenôs skirts), Figure 

4(c). The fabric parameters include the fabric appearance and all determined properties of the 

physical fabrics and the digital twins of the fabrics used to simulate the garments. 

Á Simulation: The function of this section is to simulate the e-shopping process. In this process, 

users can independently select avatars, fabrics and patterns. Finally, a virtual try-on model is 

created based on the userôs selection, Figure 4(d). 

Á Documents: This feature contains the fourth set of project results, i.e. learning materials such 

as fashion database, fabric database, garment database (design cases, 2D garment design, 3D 

garment design, garment e-shopping, platform user guide), which are also available on the 

Moodle online teaching/learning platform (https://www.advan2tex.eu/portal/). 

Á Quiz with which learners can assess the level of acquired knowledge of the individual learning 

materials. 

Each project partner produced one of the teaching materials. The University of Maribor was responsible 

for the Fashion database. We therefore present this learning chapter in more detail below. 
 

 

 

 

(a) (b) 

 

 

(c) (b) 

Figure 4: Databases of the Digital Fashion platform: (a) 3D human database, (b) Patterns, (c) Fabric, (d) 

Simulations 
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FASHION DATABASE  

 

As fashion design increasingly combines creativity with technical precision, mastering digital tools is 

essential for future designers. The digital fashion technology platform provides a learning environment 

where fashion designers can use integrated knowledge databases to practise digital fashion design. 

 

This chapter introduces the Fashion Database, which was developed to teach aspiring fashion designers 

the requirements of fashion and the basic design elements to support their creative and technical 

development in 3D fashion design. Fashion designers need to understand the basic elements and 

principles of garment design. To create garments that are visually intriguing and stand out from others, 

fashion designers must consider the four basic design elements of shape and form, line, colour and 

texture (Hopkins J., 2009) to acquire skills and use their experience to create their own concepts for 

designing of clothing. 

 

Design elements serve as the basis for the development and design of all textiles and clothing products, 

including interior textiles. Throughout history, designers have used design elements in different ways 

to create aesthetics. Therefore, this chapter introduces the basic design elements of line, shape and form, 

colour and texture in more detail and shows where only these are considered and used in the design of 

clothing collections. The line is presented as the simplest and most important of the design elements, 

which is integrated into the other elements as defines the visual dimensions of lengths and widths of 

garments expressed by different types of lines, while when lines are combined, space is enclosed and 

shapes. The shape is presented as an external dimensions or contour of an object, e.g. design of garments 

often naturally reveals the shape of the human body, sometimes concealing it, but sometimes distorting 

it, while the human body is presented as a form that become visible from different perspectives. Colour 

is the first element to which the viewer reacts. It is the visual and essential element in fashion design 

and has aesthetic, visual and commercial value. Colour adds excitement, mood and evokes emotion to 

a design and therefore influences the overall look and feel of a design. To understand how colours 

interact with each other and how they can be used to evoke emotions and feelings, colour theory is 

represented: primary, secondary and tertiary colours, black colour, white colour, hue, shade, tint, tone 

and temperature of colour. It is also explained how we can match the colour combinations (analogous, 

complementary, monochromatic) of clothing with the colour wheel, which helps us to create a balanced 

clothing collection with a use of software such as Adobe Illustrator, CorelDraw, Photoshop, etc., which 

allows us to choose between RGB, Hex, CMYK, etc. colour palettes, Figure 5. 

 

 

 

  

Figure 5: Analogous color combinations. 

 

As described last, a texture is a design element that describes the look and feel of a surface that is 

perceived by both sight and touch. It is the quality of roughness or smoothness, dullness or lustre, 

stiffness or softness. Some words used to describe the texture of fabrics, such as rough, smooth, dull, 

shiny, firm, crisp, fluffy, voluminous, dull, etc., are represented by the use of a fabric samples. 
 




































































































































































































































































































































