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Abstract 
Knowledge representation has been considered the backbone of artificial intelligence. Ontology methods for knowledge 

representation have been found to be extremely beneficial for the field of artificial intelligence. The ontology method itself 

affirms the applicability of the method in the case of the representation of domain knowledge. While considering knowledge 

representation with the help of the ontology method, a literate survey has to be fully mentioned. This literature survey was 

mentioned in the paper with help of the “use of ontology models and knowledge graph models”. It recognizes the general 

methodologies used, i.e., knowledge acquisition, concept extraction, ontology development, ontology integration, and evalution 

of the ontology. Except for that, the system recognizes some of the areas not properly handled by the research, such as the 

automation of ontologies, the interoperability of the ontology, the evolution of the ontology, and the future of the research, e.g., 

the learning of ontologies by AI. Conclusively, the representation of knowledge in conformity with the utilization of the 

ontologies ensures that semantic interoperation, reasoning, and shareability of the knowledge is carried out in an interoperable 

mode, a necessity for the development of state-of-the-art knowledge-based applications. 

 

1 Introduction 
Knowledge representation using an ontology-based method encompasses the steps of identifying the concepts or the relations 

between concepts in order to structure the knowledge while developing an intelligent decision-making system, especially in the 

fields of artificial intelligence, cybersecurity, robots, healthcare, and manufacturing systems. [1]. The letter ones would depict 

an ontology-based knowledge graph for threat analysis, situation awareness, as well as reasoning capabilities in a cybersecurity 

domain. [2]. Similarly, ontology and knowledge graph integration is used in robotics for intelligent actions by simulating 

environments [3]. In addition, there are applications in areas of engineering, such as Failure Mode Effect Analysis (FMEA), in 

order to structure the knowledge of system failures towards better designs [4]. In the context of the new airspace infrastructures 

like U-Space, for example, ontologies may be used to represent the risks with the purpose of evaluating them [5]. Further, 

industrial settings have also applied the concept of ontology, coupled with model language, to better understand Industry 4.0 

production systems [6]. Apart from technology, the other domain in which semantic models can be employed is cultural 

information, such as traditional manuscripts [7]. While knowledge graphs can aid this intricate decision-making process, which 

entails multi-source knowledge [8]. Ontology development has also been used to organize the medical knowledge systems 

mentioned in the classical literature [9]. Furthermore, Semantic Technologies and Fuzzy Ontologies also play an important role 

in the representation of fuzzy knowledge that exists in real-world scenarios [10]. In the knowledge representation technique 

based on the concept of an ontology, the management of domain knowledge is systematic with well-defined concepts [11]. In 

particular, in the biomedical realm, there are ontology frameworks that illustrate different forms of physical activities as well as 

movements of human beings, all of which are leading towards health and exercise [12]. The ontology can also be used to cope 

with uncertain, vague, or imprecise knowledge by unifying the concepts of fuzzy and probabilistic theories, thus establishing 

better foundations for knowledge models of realistic worlds [13]. Ontology could, in theory, contribute to knowledge sharing 

between a product design system and an assembly planning system. [14]. The cybersecurity domain incorporates an ontology 

framework in the management of threat intelligence, as in the development of taxonomy for effective cyber defence [15]. Also, 

these models can be used in human transportation to represent safety-related knowledge that can be used in intelligent decision-

making [16]. While in an AI setting, improvement of learning and assimilation of neural intelligence skills [17]. The role of 

ontology in modeling industrial production processes in Industry 4.0 systems is significant for various industrial applications 

such as advanced driver-assistance systems [18]. Another area of application of knowledge graph technology, based on ontology, 

besides the aforementioned domains would be the arena of virtual restoration within the scope of cultural heritage preservation 

[19]. The link to the concept of Ontology with regards to robotics would be knowledge reasoning, environment understanding, 

and planning [20]. It may be considered an ontological representation of knowledge, which is for an effective management of 
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domain knowledge that is associated with machine knowledge, especially from numerous uses like ransomware threat detection. 

[21]. It may also prove to be helpful in the proper diagnosis as well as correction of defects in problems related to concrete 

surfaces that come under civil engineering by making effective use of its existing knowledge base. For example, with artificial 

intelligence technology [22]. The notion of ontology with reference to the concept of complex co-simulation with support from 

interoperability and semantic tools can be considered. [23]. In addition to this, the construction of multi-agent systems can 

leverage the applicability of the ontology-driven constructs that include the modeling agents [24]. It is in law that there is an 

area in which there is benefit for the knowledge of ontology, which now becomes an aid to verification [25].  Besides, 

development of models of ontology in project portfolio management in essential in the development of a word bank required to 

understand the term knowledge [26]. Ontology is supportive to expert systems such as the buyer personas in the decision-making 

process as seen in cases such as the buyer persona modeling [27]. There is yet another domain of which the application of SN 

analysis could have a tremendous impact: multi-layered ontology models for dynamic interactions [28]. Models of fuzzy 

ontology can also be used in uncertain knowledge representation in humanitarian response systems. [29]. In particular, 

specifically with regard to the pharmaceutical business, thus would be possible by adopting ontology-based schemes for the 

information governance of matters of safety [30]. 

 

2 Bibliometric 
It is observed that popularity of Ontology for Manufacturing has been increased in last few years however an integration of 

Ontology for Manufacturing especially for IIoT knowledge representation is yet to be fully explored especially in the Indian 

scenario. Detailed analysis of prior work-related research and development has been conducted using two most promising 

databases including Scopus® and Web of Science®. Meaningful insights achieved from these databases are highlighted herewith. 

These databases were searched with keyword related to Ontology for Manufacturing, and various types of documents were 

studied. Methodology adopted for this study of bibliometric analysis on Ontology for Manufacturing conducted using open-

source platform, RStudio®, and is highlighted in Table 1. 

 

It is observed little research and development work in this domain has been conducted in last few years, and seems to have very 

high potential for contribution. This analysis helped in deciding the direction for development of appropriate Ontology for 

Manufacturing framework for knowledge representation in for especially for metal casting defect detection. Detailed discussion 

on bibliometric analysis is presented next followed by methodology for development and demonstrative work supporting that 

methodology. 

 
Table 1: Methodology adopted for bibliometric analysis 

 

Bibliometric Analysis on Ontology for Manufacturing 

Using RStudio® 

 

Database 

searched 

for 

documents 

published 

 

2015-2025 Duration 2015-2025 

Articles, book chapter, 

review, conference 

paper, book, editorial 
Type 

Articles, review 

articles, book 

chapter, early 

access, proceeding 

papers 

1797 
Total 

number 
1702 

English Language English 

 

 

Overview 

Table 2 represents the overview about bibliometric analysis carried out on documents published in both of databases. 

Distribution of overall documents published in Web of Science® and Scopus® are also shown in Figure 1 and 2. Documents 

were also merged in order to eliminate repeated documents using program executed on RStudio®, and their distribution is also 

represented in Figure 3.  

 

 

 

 

 



PUXplore: Multidisciplinary Journal of Engineering, Vol 2 , Issue 2, Apr – Jun 2026 || 

Online (ISSN 3108-2106) 

 

 
 

Table 2: Overview of bibliometric analysis 

 

Total documents (after removing 987 

duplicated and retracted documents) 

2512 

Total number of sources (i.e., journal, 

conference, publishers) in which documents 

were published 

987 

Annual growth rate (in percentage)  

Average citation per document ~12.1 

Total number of authors contributed 5950 

International co-authorship (in percentage) 18.5 
 

 

 

Figure 1: Type of documents published in Web of Science® 

 

 

 

 

 

 

 

 

 

 

 



PUXplore: Multidisciplinary Journal of Engineering, Vol 2 , Issue 2, Apr – Jun 2026 || 

Online (ISSN 3108-2106) 

 

 

 

Figure 2: Type of documents published in Scopus® 
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Figure 3: Distribution of documents in merged databases 

Year-wise publication is also checked (Figure 4), and it was observed that number of documents published in the domain of 

Ontology for Manufacturing is relatively steady, were in range of 182-291 publications every year since 2015. Highest increment 

(in percentage) in number of documents published in a year was observed in 2022 where it was in range of 17.5%. 

 

 

Figure 4: Year wise publication of documents (*data is till December 2025) 

Major contributors including researchers, their affiliations, countries, sources, etc. are also found out using systematic 

bibliometric analysis, and is highlighted herewith.  
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Contributors and Collaboration  

Authors conducted remarkable research in the domain of extending an application of Ontology for Manufacturing, and their 

publication, as well as h-index are represented in Figure5. r. Kiritsis D has highest number of documents published (i.e., 37) and 

h-index (=13) in this domain.  

 

Also, most cited country and their average citations per document are shown in Figure 6. It is observed that China has maximum 

number of citations followed by USA, Italy, Germany and UK. However, average citations per article is highest for Thailand 

(i.e., 105) followed by Newzeland (i.e., 50.40). Number of documents published by India in this domain, and number of citations 

per article is relatively low as the concept of Ontology for representing manufacturing knowledge is not fully explored.  

 

 
Figure 5: Top 10 Authors, and Their h index 

 

 
Figure 6: Most cited Countries 

 

Specific three-field plot is generated highlighting authors, affiliated institutes and countries to highlight contribution, and is 

illustrated in Figure 7. It is observed that Dr Kiritsis from Xl’an Jiaotong University have remarkably contributed in this domain. 
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Figure 7: Three field plot highlighting institutes, authors and countries working in this domain 

Collaborative research plays very important role especially in this domain. It was observed that 18.51% of documents has 

international co-authorship, and overview of collaboration between various countries is shown in Figure 8. China has developed 

strong collaboration with UK for 45 documents and with USA 26 documents. USA has published 16 documents with France; 

13 with UK; and with Germany 10 documents. Concept of Ontology for representing manufacturing knowledge is India is 

relatively unexplored, and India has collaborated with Sweden for publication of two documents.  

 

 
 

Figure 8: Collaboration between various countries for research in the domain of Ontology for Manufacturing 

Various keywords used other than in these documents were also studied, and observed that keyword related to casting, metal 

castings, Industrial Internet of Things (IIoT), Internet of Things (IoT). It was found that Ontology for Manufacturing especially 

for IIoT enabled metal casting, or for IIoT application is rarely explored. Ontology for representing manufacturing knowledge 

especially for IIoT enabled metal casting can be represented. Detailed technical literature highlighting application of ontology 

for representing knowledge of IIoT enabled metal casting is summarized next.  

3 Prior Work 
They leverage the usage of online sensor data with multi-agent and microservices techniques to build the knowledge models 

dynamically using ontologies [31]. Likewise, other forms of machine learning, like Bi-LSTM, have been utilized for knowledge 

graph-based entity and relationships extraction as well as improving semantic knowledge representation [32]. The research 

community has also further investigated methods of carrying out ontology alignment on order to enrich the semantic match of 

heterogeneous information resources with features such as context descriptors and semantic structures [33]. Evaluation of the 

quality of the ontology has also been explored using different methods, particularly evaluating consistency, usability, and the 

concepts represented in the ontology in complex engineering systems [34]. Also, developing ontologies using semantic web 
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applications based on knowledge graphs has been proposed for data integration and semantic queries on a number of data sources 

[35]. The techniques for the semi-automatic construction of ontologies include the extraction of knowledge applied in the 

domain area, specifically education, by applying clustering and learning techniques for concepts [36]. Sophisticated techniques 

now utilize transformer-style deep learning approaches that can build on top of knowledge representation with dynamically 

developed ontologies that are based on higher-dimensional data [37]. Review studies have also examined methodologies, tools, 

and best practices used in developing ontology for various domains to identify the challenges in the design process and areas 

that still require research [38]. Natural Language Processing techniques were largely employed to implement the automation of 

ontology construction from unstructured text and domain sources [39]. Additionally, methods of ontological harmonization 

have been proposed for ensuring semantic consistency in complex environments of design and engineering [40]. Multimodal 

knowledge graphs can include text, image, audio, and video to enrich semantic knowledge representation, digital preservation, 

and intelligent information processing [41]. Dynamic knowledge graph deduction frameworks combine ontology, scenario logic, 

and rule-based reasoning for real-time decision support in intelligent planning, emergency response systems [42]. Automated 

ontology learning frameworks employ a multi-agent architecture and large-scale language models that co-operatively construct 

coherent ontologies from unstructured text resources[43].In the embedding-based model, the concepts and entities of the 

ontology have a geometrical representation in space to identify their relationships through inferring the knowledge[44]New 

approaches have been developed for automating the evolution of an ontology using text corpora and a language model to reduce 

the cost and need for expert-based evaluation [45].  Most of the research based on surveys has focused on ontology-driven 

feature selection methods, whereby ontologies are used to identify relevant features from large data sets with a view to enhancing 

classification accuracy and knowledge extraction processes [46]. IoT ontology frameworks are representative frameworks of 

entities like devices, services, and resources in a harmonized manner to provide an avenue for knowledge representation and 

data integration [47]. Ontologies play the role of semantic models of sensor data and domain knowledge, which allows for the 

protection of efficient knowledge sharing, reasoning, and decision-making in IoT applications [48]. Further, semantic models 

based on ontology have been developed for Industrial IoT environments that enable smart factory components, like machines, 

software services, material, and human resources, with digital twin representations, improving the communication and 

automation within the system [49]. Recent studies have explored the application of IIoT in manufacturing processes, such as 

vertical centrifugal casting, to create immersive interactive environments [50]. Digital twinning has also been applied to vertical 

centrifugal casting, enabling real-time monitoring and optimization [51]. Blockchain technology has been evaluated for 

Industrial IoT applications, with a comparative study of various consensus mechanisms [52]. The metaverse has been leveraged 

to enhance learning experiences in manufacturing, with a focus on development and demonstration [53]. Furthermore, 

blockchain-integrated IoT devices have been developed for advanced inspection of casting defects [54]. 

 

4 Methodology 
The approach of this research towards knowledge representation through ontology is designed by analyzing the various related 

approaches in the area of ontology engineering, knowledge graphs, and semantic web. The knowledge acquisition regrading a 

domain starts with the extraction of information from diverse pools such as research papers, digital libraries, domain reports, 

IoT datasets, textual documents, and so on. Both structured and unstructured data should be considered to make sure that no 

piece of knowledge is left uncollected. Following data collection, knowledge extraction with preprocessing is done by using 

techniques under the NLP paradigm, such as entity recognition, relation extraction, and keyword identification. This will help 

in identifying the core concepts, classes, properties, and semantic relationships that are necessary in ontology modeling. The 

next step is the design and development of ontology, wherein an organized structure in the form of a hierarchy with sub-classes, 

object properties, and data properties is achieved using a standard ontology language like OWL/RDF, while an ontology 

modeling tool like protégé is adopted for implementation, and reuse od available ontologies for maintaining interoperability and 

avoiding redundancy is also considered. Ontology learning and different approaches added in the development of the automated 

knowledge graph manage large and dynamically changing domains. The identification of unknown relationships within a 

domain can be done using several approaches related to machine learning and deep learning for changing the structure of 

ontology in a dynamic way. Ontology alignment is added in order to handle heterogeneous ontologies and semantic conflicts. 

To this end, after the development of an ontology, some evalution and validation phases should be done considering coverage, 

correctness, consistency, scalability, and efficiency in reasoning; logical reasoning also turns out to be crucial for verification 

of a given set of semantic rules. Finally, the resultant validated ontology is integrated within application environments for 

semantic query support, intelligent reasoning, interoperability, and decision support in several application domain: healthcare, 

cybersecurity, IoT, industrial systems, and knowledge management applications. 

 

5 Research Gap 
Despite various pieces of research being conducted on ontology-based knowledge representation, there are various gaps that are 

not covered in this domain. Compared to existing related work, where researchers have been focusing on various domain-

specific ontologies, such as healthcare, cybersecurity, IoT, robotics and industrial systems, no generalized ontology frameworks 

that can provide integrated knowledge representation are considered for various domains. It has been observed that almost all 

ontology models are developed with consideration of a particular application only. The domain with yet another important gap 

is “automated ontology construction” described as: “while various approaches utilize different techniques such as ML, NLP, 

KGs, etc., the automation of learning ontologies from large amounts of unstructured data in a way that is both accurate and real 
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time, and with minimization of the needs for validation/refinement by human experts in the field,” remains yet to be achieved! 

Moreover, interoperability and harmonization of the ontology, especially in relation to heterogeneous data sources, are not yet 

fully solved issues. There are many challenges, in particular when dealing with semantic issues, vocabulary, and data structures 

concerns, especially for distributed environments such as IoT and smart industries. There is not much research being conducted 

in the domain of dynamic ontology evolution, in which the knowledge ontologies would get updated time to time with changes 

in data. The majority of systems now use only static knowledge models. Moreover, the standardization of the evaluation metrics 

concerning the ontology has not been done so far. Some methods for the evolution of correctness of the generated ontology are 

available; however, methods concerning performance evaluations have not been developed in a holistic fashion so far. Thus, a 

strong case exists for the design of a scalable, interoperable, and continually dynamic ontology-based knowledge representation 

system that combines automation, semantic integration, and reasoning. 

 

6 Conclusion 
It has been observed that the representation of knowledge with the help of ontology has resulted in a very important role to be 

played in managing and organizing complex knowledge within the domain, in a manner that can be easily understood through 

machines. Different semantic web technologies, and different techniques of ontology learning have been identified through this 

research that have actually been identified through this research that have actually been implemented within different domains 

like IoT, healthcare, cybersecurity, etc. From the above analysis, it can be found that the ontology-driven knowledge 

representation approach will certainly help to improve the integration, understanding, and management of the knowledge. There 

also exist some problems which should be solved, like t0he automatic construction of the ontologies, the integration and 

evolution of the ontologies, and the correct evalution of the knowledge. Based on the foregoing explanations above, the bottom 

line is that aside from AI, ML, and real-time processing of data, there is none that can overemphasize the issue of the role of 

ontology as one of the key components in the advent of modern sophisticated KBS technologies except that is a potential to 

evolve knowledge representation in the future. 

 

7 Future Work 
However, regarding this knowledge representation technique within the ontology domain, some areas for future improvement 

have also been identified. The first area of improvement constitutes the fully automatized learning of ontologies that may allow 

for the retrieval of information from big data sets of unstructured information. The other area with respect to the scope the 

technique refers to integrations with the most modern techniques of Natural Language Processing and Large Language Models. 

Additionally, other potential research areas that can be explored by this field of knowledge representation can be linked with 

the domains of dynamic and self-evolutionary ontologies with the aim of adapting the knowledge representation systems with 

aid of real-time data, etc., from domains like IoT, healthcare, industries, etc. another promising and recommended area in this 

field is the field of cross domain ontology integration, “as it has been proven that semantically, multiple domain ontologies can 

be integrated.” Besides that, further research would be carried out, focusing on the development of a mechanism that will help 

scale up the process of reasoning, which would then be used effectively to make the intelligent mechanism efficient enough in 

the intelligent process of interference. This would be achieved through the application of the hybrid approach, ensuring the 

knowledge management process is efficient through the inclusion of appropriate mechanisms such as the application of 

ontologies and intelligent mechanism such as machine learning/deep learning. Lastly, it would be worthy to try, through further 

research, to lay the groundwork for the development of tools that could aid in the evalution of the quality of the produced 

ontologies, effectively creating powerful and “intelligent” methods for knowledge representation. 
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