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Abstract:
Background: Industry 5.0 signifies a transformative phase in industrial advancement characterized by the integration of advanced technologies and cyber-physical systems. This study conducts a systematic literature review to elucidate the existing state of Requirement Engineering practices in the context of Industry 5.0.
Materials and Methods: The research methodology involved an extensive review of literature related to Requirement Engineering in the Industry 5.0 landscape. Various sources, including academic papers and industry reports, were analyzed to identify key trends and challenges. The study employed agile methodologies, model-driven engineering, and interdisciplinary collaboration as core approaches for gathering and analyzing data.
Results: The findings of the study reveal the adoption of agile methodologies, model-driven engineering, and interdisciplinary collaboration as emerging and promising trends in Requirement Engineering within Industry 5.0. However, it is important to recognize significant challenges arising from the complexity of systems and the lack of standardization.
Conclusion: In conclusion, this study underscores the critical importance of innovation, data security, and interdisciplinary approaches in successfully navigating the dynamic landscape of Industry 5.0. Addressing challenges related to system complexity and standardization will be imperative for harnessing the full potential of Industry 5.0. The insights derived from this research can guide practitioners and researchers in adapting their approaches to meet the evolving demands of the industrial sector in the Industry 5.0 era.
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I. Introduction 
	Industry 5.0 represents a new era in industrial development, characterized by the integration of advanced technologies, the Internet of Things (IoT), artificial intelligence, and cyber-physical systems. The term of Industry 5.0 was introduced in the European Commision Policy Brief in 2021 named “Industry 5.0 – towards a sustainable, human-centric and resilient European industry” [10]. This transformative paradigm shift has the potential to revolutionize the software manufacturing, making it more efficient, flexible, and responsive to customer demands. However, Industry 5.0's success heavily relies also on effective requirement engineering, which forms the backbone of any engineering process. Requirement engineering in the context of Industry 5.0 brings forth a new set of challenges and opportunities that demand a reevaluation of current practices and a forward-looking perspective.
Traditionally, requirement engineering has played a pivotal role in ensuring that the end product aligns with customer needs, compliance, and quality standards. In Industry 5.0, these requirements become even more complex, as systems become interconnected, autonomous, and adaptable. In this era, where machines, humans, and data work seamlessly together, understanding and eliciting requirements takes on a whole new dimension.
The purpose of this systematic literature review is to investigate the current practices and challenges associated with requirement engineering in the context of Industry 5.0. By analyzing existing research, we aim to identify trends, gaps, and potential solutions that can guide practitioners, researchers, and organizations in their journey towards embracing the Software Engineering in Industry 5.0 paradigm. Our review will shed light on the state of requirement engineering, the methodologies and tools being employed, and the key issues that must be addressed to navigate this new industrial landscape effectively.
In summary, this systematic literature review serves as a comprehensive guide to understanding the crucial role of requirement engineering in Industry 5.0. It is our hope that the insights and knowledge gathered from this review will contribute to the development and implementation of effective strategies for successful Industry 5.0 projects and systems.

II. Research and Methodology 

Research Question: The purpose of this systematic literature review is to investigate the current practices and challenges associated with requirement engineering in the Industry 5.0. Therefore, in order to keep the review focused on the objectives, the research questions outlined in Table 1 were posed.

Table no 1 : Research Questions.  

	ID
	Research Question
	Motivation 

	RQ1 
	How are agile methodologies used in Industry 5.0 Requirement Engineering, and what are their pros and cons?
	Explore the role of agile methods and their impact.

	RQ2
	To what extent does model-driven engineering shape Industry 5.0 Requirement Engineering and cyber-physical systems?
	Examine the impact of model-driven engineering.

	RQ3
	How does interdisciplinary collaboration enhance requirement quality in Industry 5.0?
	Understand the benefits of collaboration.

	RQ4
	What challenges do complex cyber-physical systems pose to Requirement Engineering in Industry 5.0, and how can they be addressed?
	Investigate strategies for addressing complexity

	RQ5
	What are the implications of non-standardized practices in Industry 5.0 Requirement Engineering, and how can standardization improve efficiency?
	Assess the value of standardization in enhancing efficiency.

	RQ6
	How does innovation impact Requirement Engineering in Industry 5.0, and what can be learned from current trends?
	Examine the effects of innovation on the field.

	RQ7
	What measures can enhance data security in interconnected systems for Requirement Engineering in Industry 5.0?
	Explore data security solutions.

	RQ8
	How can interdisciplinary approaches optimize Requirement Engineering in the dynamic Industry 5.0 landscape?
	Understand the value of interdisciplinary methods.



Study Selection: Study included in this SLR is only study published in English, from journal, book and conference papers. The study criteria that may be included in SLR are based on the inclusion and exclusion criteria which are presented in Table II.
Table no 2 : Inclusion Criteria and Exclusion Criteria.  

	Inclusion Criteria
	Exclusion Criteria
	

	Research that discusses requirements engineering methods
	Research that does not discuss requirements engineering methods

	Research that discusses the implementation of software development using requirements engineering
	Research that does not specifically discuss the implementation of software development using requirements engineering

	The research explains the requirements engineering and implementation methods used that can be applied in industry 5.0
	The research conducted does not touch on application to industry 5.0



The search process and number of studies identified at each stage are shown in Figure 1. The research selection process was carried out in two stages, namely selection based on title and abstract. and full text selection.
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Scopus 200 paper
Google Scholar 80 paper
Fig. 1. Flow of research search and selection
Data Extraction: Once the relevant papers were identified, a systematic data extraction process was carried out to gather information on each paper. The following data points were extracted:
· Title and authors of the paper.
· Publication year.
· Abstract to provide a brief overview of the paper's content.
· Research methods and methodologies used in the paper.
· Key findings and contributions related to requirement engineering in Industry 5.0.
· Challenges and issues discussed in the paper.
· Tools, technologies, and frameworks mentioned in the paper.
· The extracted data was organized and cataloged for further analysis.

Data Analysis: The analysis of the collected data followed a structured approach. The papers were categorized based on common themes, methodologies used, and the main focus of the research. The analysis aimed to identify trends, current practices, and emerging challenges in requirement engineering in the context of Industry 5.0. Additionally, the review highlighted any gaps in the existing literature and identified areas that require further research.

Quality Assessment: To ensure the quality and reliability of the selected papers, a quality assessment was conducted. Each paper was evaluated for its research rigor, methodology, relevance to the research question, and the credibility of the sources used. Papers that did not meet the predefined quality criteria were excluded from the final analysis.

III. Result and Discussion

In  this study, from 280  studies found 45  studies that fulfill the inclusion and exclusion criteria that have been designed. Groupings by year are presented to show interest in detecting hate speech. The graph of research grouping by year is shown in Fig. 2.
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Fig. 2.  Research Grouping by Year of publication

Methodologies and Approaches: This section presents an overview of the key findings related to methodologies and approaches used in requirement engineering in the context of Industry 5.0, Agile [1][2][3][4][5], Model-Driven [6], Colaborative. 
1. Agile and Iterative Approaches: Several studies highlighted the adoption of agile and iterative approaches in Industry 5.0 requirement engineering, emphasizing the need for flexibility and adaptability in rapidly changing manufacturing environments.
2. Model-Driven Engineering: Model-driven engineering was found to be a popular approach, with a focus on creating detailed models of cyber-physical systems to facilitate requirement analysis and verification.
3. Collaborative Requirement Elicitation: The collaborative elicitation of requirements involving multidisciplinary teams was noted as a best practice in achieving comprehensive and accurate requirements in Industry 5.0 projects.

Tools and Technologies: This section discusses the tools and technologies identified in the literature that are used to support requirement engineering in Industry 5.0[7][8].
1. Digital Twins: Several papers highlighted the use of digital twin technology to create virtual representations of physical systems, aiding in requirement validation and early-stage testing.
2. Artificial Intelligence and Machine Learning: The integration of AI and machine learning algorithms for requirement analysis and predictive maintenance was a prevalent trend, improving the efficiency and accuracy of requirement engineering.
3. Requirements Management Software: Many organizations adopted specialized requirement management software to streamline the requirement lifecycle, enhance traceability, and ensure compliance with evolving standards.
Challenges and Issues: This section outlines the challenges and issues identified in the literature related to requirement engineering in Industry 5.0 [2][4][9].
1. Complexity and Interconnectedness: The complexity of cyber-physical systems and their interconnected nature introduced significant challenges in requirement elicitation and verification.
2. Lack of Standardization: The absence of standardized approaches and tools for Industry 5.0 requirement engineering was a common challenge, leading to inconsistencies in practice.
3. Data Security and Privacy: Several papers raised concerns about data security and privacy in the context of interconnected systems, indicating the need for robust security measures.
Best Practices and Case Studies: This section provides insights into best practices and real-world case studies related to requirement engineering in Industry 5.0.[4]
1. Case Study: Smart Factory Implementation: A case study highlighted a successful smart factory implementation that utilized a combination of agile methods and digital twin technology, resulting in improved production efficiency.
2. Best Practices: Cross-Functional Teams: Research emphasized the importance of cross-functional teams consisting of engineers, data scientists, and domain experts working collaboratively in requirement engineering processes.

IV. Conclusion 

Based on the results of this systematic study, it is evident that in the context of Requirement Engineering in Industry 5.0, current practices encompass the utilization of agile methodologies, model-driven approaches, and interdisciplinary collaboration. Meanwhile, significant challenges include the complexity of cyber-physical systems, the lack of standardization, and data security issues. Successful case studies underscore the potential of combining agile methods with digital twin technology. It is recommended that practitioners embrace standardized approaches, enhance data security measures, and consider interdisciplinary approaches in Requirement Engineering. These findings underscore the need for ongoing innovation and collaboration to address the challenges and opportunities inherent in developing effective and efficient Industry 5.0 systems.
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