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ABSTRACT 

Ontologies offer great potential for interoperability of production processes, yet they 

still lack awareness in the textile industry. Textile engineering is predominantly 

characterized by experience-based approaches and tacit knowledge in specialized 

application domains. Ontologies serve as an approach for the formalization of 

knowledge in human and machine-readable form. This paper aims to convey 

ontology-based approaches in textile production technology and delineate additional 

application fields. 

This contribution provides a classification of existing ontology-based approaches in 

textile production technology, delineate additional application fields and highlights 

open challenges and complexity drivers in textile manufacturing. 

Keywords: Knowledge Management, Interoperability, Ontology, Textile 

Engineering 
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INTRODUCTION 

For practitioners in industrial environments, ontologies remain hard to access and 

therefore hard to implement in domain applications. Without the widespread 

competence to use ontologies, their potential in practical domains remains largely 

unused and domain expert’s detailed knowledge predominantly is shared in 

uncontrolled and unformalized forms. As a part of the industrial revolution, Semantic 

Web Technologies are utilized to manage the increasing amount of data (Lipp and 

Schilling, 2020). Digital Shadows are a concept which besides Semantic Web 

Technologies combines various Industry 4.0 applications and derives contextual 

knowledge from the multitude of processed data (Schuh et al. 2019). Ontologies can 

provide a conceptual basis to implement the generic objectives of Digital Shadows 

(Gruber, 2016). In this paper we present a review of ontology-based approaches in 

textile production. The paper begins with an initial placement of Industry 4.0 

applications in production environments. The next section is divided in two 

subsections. First, a general overview of Semantic Web Technologies, Digital 

Shadows and Ontologies in production environments is given. Thereafter, the specific 

potentials and challenges of Industry 4.0 in textile engineering are addresses. The 

research questions we address are: 

 What are unused fields of application of ontologies in the textile industry? 

 How can awareness among practitioners be raised? 

 What makes ontology-based approaches complex in the textile domain? 

To answer these research questions, a narrative literature review is conducted in the 

remainder of this work. In the remainder the methodology of the literature review is 

introduces and the results of the review are presented. The paper ends with a 

discussion of the results and a conclusion. 

INDUSTRY 4.0 

Digital Shadows and Semantic Web Applications in Production 

Environments 

The industrial revolution will contribute decisively to economic growth and will 

result in various challenges (Pessôa and Becker, 2020; Jarke et al. 2018). A concept 

to tackle those challenges is an “Internet of Production (IoP)”. By providing context-

specific data from the whole value chain in real-time and adequate granularity, an 

interconnected and collaborative production environment and the vision of the IoP 

are fostered (Jarke et al. 2018; Brillowski et al. 2021). The enabling of single and 

small batch production and the optimization of flexible production is of utmost 

importance. Digital Shadows provide a conceptual basis to facilitate knowledge 

management in the IoP. (Schuh et al. 2019) 
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For implementation of Digital Shadows, Semantic Web Technologies provide helpful 

solutions. The goal of those Semantic Web Technologies is to integrate and cooperate 

with already existing solutions in Industry 4.0 applications. (Lipp and Schilling, 

2020) Ontologies are part of the W3C Semantic Web standard and ontologies for 

manufacturing and specific domains already exist. (Lipp and Schilling, 2020; Gruber, 

2016)  

Need for Knowledge and Complexity Management in Textile 

Engineering  

A conflict can be identified between analytical knowledge and tacit knowledge as 

well as between industrial manufacturing of technical textiles and the more social 

based design of aesthetic garments. While mass production in particular is focused 

on uniform process conditions, in addition to quantitative research methods, creative 

design processes also achieve added value through explorative and experimental 

approaches. (Bye, 2010; Igoe, 2020) 

The textile industry in recent years was less focused on innovation and design 

(Elmogahzy et al. 2020). Current trends to include specific customer requirements 

and to produce unique items efficiently leads to more emphasis on the design process 

and variable process conditions in industrial production (Schuh et al. 2019). The 

textile industry consists to a large extent of small and medium enterprises (SME) with 

a high degree of specialization and unique selling points (Maschler, 2010). Some 

SME found their niche by providing extraordinary customer service and engineering 

textile products for specific applications and demands. However, this applies more to 

certain types of products such as textile machinery than to textile products. (Gloy, 

2020) Research in textile engineering is increasingly directed towards non-physical 

products and design systems for the development of complex textile products itself 

(Brillowski et al. 2021; Kaspar et al. 2019; McCann et al. 2016; Peiner et al. 2021). 

At the same time, in recent surveys, SME overwhelmingly rated their own knowledge 

of Industry 4.0 as medium to poor and consider the shortage of skilled workers a 

greater priority (Gloy, 2020). This indicates the need of further bridging apparent 

conflicts between technology, design and human factors (Brillowski et al. 2021). The 

authors of this paper therefore suggest the investigation and the widespread use of 

ontologies in the applied textile industry. The following chapters aim to convey 

ontology-based approaches in textile production technology and delineate additional 

application fields.  

With respect to the whole of textile production, various product phases have to be 

taken into account. Throughout their lifetime textile products pass different stages, 

that can be managed with Product Lifecycle Management (PLM) (Elmogahzy et al. 

2020). Important stages in the lifecycle are design, production, logistics, utility, 

maintenance, and recycling that are further divided into beginning of life (BOL), 

middle of life (MOL), and end of life (EOL). Depending on the various stages and 

perspectives different information can be necessary, e.g. concerning customer 

requirements, maintenance, design, production, product status and recycling 

information. (Li et al. 2015)  
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As shown above, the 

different stages in textile 

manufacturing are 

complicatedly connected 

with each other. The higher 

complexity of product 

development and slower 

implementation of 

corresponding digital 

support systems compared 

to systems that optimize 

production itself can also be 

observed in other industries 

(Pessôa and Becker, 2020). 

The semantic description of 

insufficiently defined product features is of current research interest (Romero et al. 

2019). What applies to widespread and digital CAD models is all the more relevant 

for textile products and their models, since relevant characteristics and functional 

properties to a large degree are based on subjective perceptions, difficult-to-measure 

parameters and application-specific concepts. In order for the Product Lifecycle 

Management with support of Digital Shadows to function in textile engineering, there 

is a special need for a formalization of available information and knowledge. Tacit 

knowledge not only is characteristic for textile design, but also for multiple 

manufacturing processes in the experience-based textile industry (Brillowski et al. 

2021; Bye, 2010). The flexible nature of textiles leads to the special requirements in 

the design and processing of products (Elmogahzy et al. 2020). Additionally, complex 

material composition and product architectures have the potential to add beneficial 

and individual functionality during the usage of a given textile, but further complicate 

the recycling of textile products. Useful approaches and terminologies for 

characterization and processing of textiles are largely unknown in other industries 

(Elmogahzy et al. 2020). However, to exploit the potential of an adaptive 

manufacturing process, these approaches and terminologies must be managed in 

reusable conceptualizations within the textile industry itself. Since ontologies 

facilitate this interoperability, their usage and potentials in textile manufacturing 

should be further investigated. 

Till date, the reusability of research and development of industry 4.0 approaches in 

the textile industry is low and individual solution each have to be developed for each 

use-case individually and tediously (Fromhold-Eisebith et al. 2021). Especially the 

reuse of ontologies involves a lot of ongoing research questions. To the best of the 

authors knowledge, till dated no similar work towards a structured overview and a 

classification of previous ontology-based approaches in textile engineering exists. 

Figure 1: Stages of the PLM Cycle in context of the IoP (Li 

et al. 2015) – Photo: Dr. Martin Riedel 
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METHOD 

Based on the research done by Lipp et al. (Lipp and Schilling, 2020) and Brillowski 

et al. (Brillowski et al. 2021), this paper rests on three hypotheses: 

 Ontologies’ fields of application in the textile industry are largely unused 

 This is due to lacking awareness and unclear benefits 

 Tacit knowledge makes ontology-based approaches particularly complex 

To evaluate the penetration of ontologies and their potential applications in textile 

engineering, existing applications from literature are classified by the objectives of 

the underlying smart system and the stage in the PLM cycle. A narrative, unstructured 

review is conducted. Thereafter the application fields of ontologies in textile 

engineering from the literature are classified based on the suggested categories by 

Lipp et al. (Lipp and Schilling, 2020). The classification for semantic web 

applications is divided into Data/Service Catalog, Integrating Domains, Database 

Access, Consistency and Reasoning and Data Aggregation. A detailed description of 

the types of applications can be found in Lipp et al. (Lipp and Schilling, 2020). A 

comprehensive explanation for the target groups of textile practitioners and scientists, 

a description of central concepts and an explanation with the help of target group 

oriented analogies are given. 

RESULTS 

The results of this paper are presented in the following chapter which is subdivided 

into a classification of the literature reviewed followed by a narrative review. The 

narrative review is based on the authors impressions of the research. Finally, the 

findings and special features of various practical examples from textile manufacturing 

and its concepts are traced back to and categorized by the abstract terms of the formal 

definition of ontologies. 

Classification of Semantic Web Applications in Textile 

Manufacturing 

Eighteen publications from an unstructured literature review were selected for further 

evaluation and classification. The publications are allocated to the five application 

areas suggested by Lipp et al. (Lipp and Schilling, 2020) and to the PLM cycles. 

Moreover, special features of the presented applications and textile engineering in 

general are collected. The results are shown in Figure 2. 

The results show that for all five categories suggested by Lipp et al. (Lipp and 

Schilling, 2020), examples can be allocated in textile engineering. With the 

possibility of assignment to several categories, ten examples have characteristics of 

Data and Service Catalogs.  
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Figure 2: Classification results of ontology-based solutions in textile industry 

Three examples are designed to integrate different domains. Two utilizations of 

ontologies facilitate access to databases. Two examples are used to conduct some 

kind of consistency check or reasoning. Six examples are focused on data 

aggregation. Two of the results contain allocations in the broader sense and one 

recorded result has no allocation to an application category whatsoever. With respect 

to the PLM cycle, five of the publications were concerned with fashion and six with 

engineered design, three addressed the production process, four referred to logistics 

and seven were concerned with utility. Maintenance and recycling were not addressed 

individually. A full PLM cycle was subject of one work and two publications could 

not be allocated to a PLM cycle. 

The special features that are mentioned in the works are Heterogeneity of Data, 

Concepts and Entities, which was mentioned four times, Information Overload, which 

was mentioned two times, Structural Complexity, which was mentioned six times, 

Interdiciplinarity, which was mentioned six times and Accessibility of Knowledge, 

which was mentioned seven times. 

Literature Results – Narrative Review 

The impressions from the reviewed literature and the summarized categorization 

show that all potential application field can be allocated to existing research in textile 

engineering. A heavy preponderance of data and service catalogs can be detected, 

especially compared to consistency checking and reasoning. Stolz et al. (Stolz and 

Hepp, 2018) provide an example, where the ontology is mainly used to populate a 

data and service catalog in standardized product descriptions. In comparison, the 

presented system by Kim et al. (Kim et al. 2014) is designed to make intelligent 

conclusions from acquired sensor data and based on that to provide additional 

services to the users of healthcare systems. While the former is a helpful approach to 

formalize existing information in a reusable form, the latter also automatically derives 

new conclusions and actions from otherwise potentially unused or overlooked 
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information. 

An example of domain integration in an interdisciplinary environment is a 

development platform for smart sensors. Innovative tasks and complex collaborations 

between experts from textile, electronics, software, application, design and 

manufacturing domain require exchange of information in a common language. 

(Gehrke et al. 2020) 

The scope of most of the works is limited to specific applications and PLM cycles. 

Solely “VetiVoc” is described as a tool for modeling of the full PLM cycle (Aimé et 

al. 2016). Many works which address the fashion and clothing domain are 

predominantly concerned with finished products and MOL. Fewer works specifically 

address the engineering and manufacturing process for technical products, especially 

with high technical detail. However, development platforms for smart textiles or the 

selection of optimization algorithms in a textile production enterprise are examples 

for existing approaches with technical perspectives (Gehrke et al. 2020; Chaouch et 

al. 2021). 

Definitions, Terms and Explanations for Textile Practitioners 

According to a basic definition, an ontology is an explicit specification of a 

conceptualization (Duque et al. 2009). Ontologies are said to provide a “semantic” 

level instead of a “logical” or “physical” level like database schema (Gruber, 2016). 

However, just like their key applications (Lipp and Schilling, 2020; Gruber, 2016) 

the definition of an ontology is commonly too theoretical and generic for practitioners 

to initiate an application in their own field of expertise. According to Lipp et al. (Lipp 

and Schilling, 2020) the lacking ontology knowledge among employees in production 

technologies is a major obstacle for a widespread implementation in industrial 

environments. With respect to textile production theory as a whole, a lack of reference 

to the practical application benefit can be identified (Bücher, 2021). Therefore, the 

authors of this paper suggest a more illustrative description of ontologies’ definitions 

and benefits and therefore provide a subjective interpretation, analogies and potential 

applications derived from their impressions in the textile industry. 

Formal Representation 

Standards and norms play a significant role in textile manufacturing, engineering and 

testing. Using the same basis, different operators are able to perform procedures in a 

reproducible and transferable manner. Moreover, formality means, that those 

instructions have a logic that is unambiguous and potentially also is interpretable by 

machines. In textile testing, the benefit of common terms and procedures are well 

known. Reusability of results by others and general comparability are absolutely 

necessary in the textile process chain. Other activities in the manufacturing process 

are still less formalized and mostly up to the operator’s experience. Formal 

knowledge representation can prevent the loss of tacit expert knowledge in textile 
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manufacturing caused by demographic change. 

Concepts, Classes and Attributes 

Useful approaches and terminologies for characterization and processing of textiles 

are largely unknown in other industries (Elmogahzy et al. 2020). Units of 

measurement e.g. for yarn fineness are unique to textile production. Moreover, in 

most manufacturing environments there exist additional terms and abstractions to 

simplify a frequent activity. Those concepts are often custom made and new 

employees have to familiarize with company- or application-specific parlance. While 

this habit is helpful for established groups, it makes it difficult for new ones to get 

started and to collaborate with others. However, in textile manufacturing, groups with 

different views and concepts constantly have to interact with each other. 

Relationships 

In addition, those concepts are complicatedly entangled with each other. The 

experience based fine-tuning of a very peculiar machine setting might in turn be 

dependent on the special feature of a unique product type. Due to the high degree of 

specification in textile engineering, those particular relationships are mostly 

experiential knowledge of operators and in some cases stored in analogue notepads. 

If asked for their insight, operators often generously share their knowledge but the 

findings are difficult to place and utilize for people without the same basis of 

knowledge and experience. 

Abstraction of Data Models 

The adequate placement of knowledge and information moreover leads to the topic 

of abstractions and data models. The above mentioned relationships and specialties 

are hard to formalize, but every producing company uses some kind of tabular data. 

Commercial MES and ERP systems provide a good basis for many operational tasks. 

To reflect the technical depth and reality, textile companies additionally develop and 

maintain their own custom-made databases. In that sense, e.g. excel sheets and 

relational databases in the company are a simplified model of the manufacturing 

arrangements. Information and knowledge that does not fully fit into this tabular form 

is not represented in the company’s data model. 

DISCUSSION 

Ontologies – as part of Industry 4.0 applications, Digital Shadows, and textile 

manufacturing environments – are gaining in importance in research and practical 

applications. Yet ontology-based approaches still lack awareness in the textile 

industry, their benefits from best-practice examples do not fully cover most pressing 

issues in the industry and the complexity of textile manufacturing leads to special 
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challenges. 

Examples in textile production are focused on vocabularies for human-readable 

communication rather than technical interoperability. The vision of the IoP introduces 

demanding objectives with respect to the orchestration of individual process stages, 

data aggregation and quantitative information about individual products themselves. 

However, in textile engineering, different stages are not necessarily characterized by 

clear boundaries and defined interfaces between them. Current limitations are 

identified in circumstances, where quality-relevant decisions and experienced-based 

approaches are at play. Nevertheless, the application scenarios of semantic web 

technologies generally do address relevant issues in textile environment. The benefits 

of ontologies for further examples and extensions of smart systems in production 

environments are delineated, as economic gain is a necessary prerequisite for their 

development. 

CONCLUSIONS 

Summarizing the findings from this work, the authors of this paper conclude that there 

are various benefits of ontology-based solutions in smart industrial automation and 

manufacturing. Loosely inspired by the literature examples analogies and identified 

gaps, the benefits of ontologies in textile manufacturing environments include: 

 Preservation of expert knowledge,  

 accessibility to knowledge and resources like technologies, materials, 

legislation, norms, suppliers, science, algorithms, 

 management of diverse items and heterogeneous data, 

 flexibility and innovation in production and the product development 

process 

 and the inclusion of different perspectives and backgrounds. 

Therefore, to actually foster an IoP in textile manufacturing, the technical detail of 

existing models has to be further extended and a large quantity of tacit knowledge has 

to be made accessible, e.g. with ontology-based smart manufacturing systems. 

Reusable ontologies in material modeling and technology description should be 

integrated in industrial processes and actions. The need for interdisciplinary 

cooperation and a growing amount of knowledge to be organized from the field of 

textile technology, related industries and science disciplines are identified as 

important challenges that require innovative new approaches. 
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