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ABSTRACT

Recent advances in Augmented Reality and Virtual Reality have led to significant changes across various industries and businesses. The feature
modelling method is used to handle the diversity of software products. This has been a strategy that can be used to create AR/VR apps. The article
provides a comprehensive summary of the current research in feature modelling for AR/VR. Over 100 research articles are examined to identify
this topic's patterns, challenges, and future paths. The survey is designed to provide researchers and practitioners with valuable insight into the
advanced feature modelling for AR/VR and suggests relevant areas for future study.
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1 INTRODUCTION

Virtual and augmented reality are two innovative technologies that can significantly impact the entertainment, educational,
healthcare, and manufacturing industries. Augmented Reality overlays digital information over real-world environments,
improving the user's experience and interaction with their surroundings. Virtual Reality (VR), on the other hand, places users in
entirely virtual environments, usually using head-mounted displays. Both VR and AR provide unique possibilities for creating
immersive, interactive experiences.

Due to the rapid progress of AR/VR technologies, AR/VR components, tools, and content have been extensively used in
many industries. AR and VR technologies have transformed many aspects of life, from entertainment and gaming to training
simulations. The challenges of creating top-quality AR/VR apps are significant, particularly in dealing with the complexity of
immersive environments and meeting user preferences and requirements.

The wide variety of AR/VR devices, platforms, interaction modes, content types, user scenarios, and device variations

make managing variability a significant challenge. Managing variability is managing differences and similarities between several
software systems. This allows for the creation of flexible, adaptive systems to meet users' needs and environmental situations. It is
vital to manage variability to ensure the sustainability, extensibility, and scalability of AR and VR apps over the long term.
The feature modelling method is an effective way to handle variety within software product lines. It allows developers to record,
manage, and represent the characteristics and relationships of a system systematically. The feature modelling method, developed
for the software product line, creates and evaluates groups of software products that are interconnected and customized to specific
market segments or customers' requirements [3,4]. By treating software features as primary units and specifying their dependencies,
feature models analyze and modify the setup of a system.

Using feature modelling in the development of AR/VR has many benefits. This system provides a structure for managing
various AR/VR apps, including interactions and features. Developers can use feature models to create modular AR/VR system
apps that are easily adjustable to the user's preferences and hardware configurations. The feature modelling technique allows for
systemic reuse of components across many AR/VR apps, improving development efficiency and maintainability [12,19].

Despite its benefits, feature modelling for AR/VR presents several challenges and offers research opportunities. To adapt to
changing AR/VR environments and combine feature modelling with various design and development methods, AR/VVR developers
and designers alike, as well as their tools and languages, must be specifically designed. It is essential to conduct empirical research
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and evaluate the effectiveness and efficiency of AR/VR feature modelling techniques and their impact on software quality and user
satisfaction [2, 33].

This paper examines current state-of-the-art feature modelling in AR/VR. By analyzing the considerable number of articles,
we hope to identify patterns, challenges, and future directions in this rapidly growing field. The survey is designed to provide
researchers and practitioners with important information about the impact of feature modelling on future AR and VR experiences
and to suggest possible directions for further study and innovation.

2 OVERVIEW OF FEATURE MODELING:

The feature modelling technique is one of the most popular software engineering techniques. It has been used to handle a wide
range of software products. This technique is a way of analyzing, illustrating, and monitoring the features and connections in a
system. Originally used for software product-line engineering, it has now been applied to diverse areas such as automotive,
telecommunications, and emerging AR/VR development [3,4].

The feature modelling process involves recognizing similarities and differences between related software items and
arranging them into an organized structure. Feature models include unique features or functionalities of a software system and their
connections, such as obligatory or optional dependencies, between them [19]. Using feature models, developers can create flexible
and adaptable applications. They capture the diversity within software systems, allowing them to be adapted to meet different user
needs and preferences.

The feature modelling approach offers many advantages to software developers, including improved maintainability and
scaling. Feature models systematically analyze and modify software systems by treating features as the primary entity and
specifying their limitations and dependencies. From requirements gathering to system configuration, feature modelling helps
developers make informed design decisions [15,21,32].

Using feature modelling for AR/VR provides many benefits in handling the diversity inherent in immersive
environments. AR/VR apps typically include several components, including interaction types, content variety, device adaptability
and user preferences. The feature modelling technique allows programmers to illustrate and document features systematically,
resulting in flexible and modular programs that meet the needs of users and hardware configurations [19,32].

Using feature modelling for AR/VR presents distinct research challenges and opportunities. The tasks include adapting
to changing AR/VR environments and combining feature modelling with other development and design approaches. It is necessary
to conduct empirical research and evaluate the effectiveness and efficiency of AR/VR feature modelling techniques and their impact
on software quality and user satisfaction [2,33].

The feature modelling method is essential for managing AR/VR variability. It allows for the creation of adaptable, scalable
applications that adapt to user changes and technological improvements. In future sections of this article, we will discuss the current
trends and obstacles in augmented and virtual Reality.

3 FEATURE MODELING IN AUGMENTED REALITY:

Augmented Reality (AR) is a crucial technology that integrates digital content with the natural world to create immersive and
interactive experiences in gaming, education, healthcare, and business. As the complexity and diversity of AR applications increase,
developers face considerable hurdles in managing variability within dynamic AR environments. Feature modelling, a software
engineering strategy created to manage variability in software product lines, has become a potential method to tackle issues in AR
development.

Feature modelling provides a systematic framework for understanding, representing, and controlling the characteristics
and interactions of a software system. Feature modelling in AR development allows developers to describe the inherent variety in
AR applications, encompassing characteristics like game mechanics, user interactions, content production tools, and device
compatibility [19]. By depicting features and their relationships in feature models, developers can design modular and adjustable
AR apps. This allows the applications to adjust to user preferences, hardware setups, and ambient factors.

Feature modelling in AR development is advantageous since it enables systematic reasoning about system design and
modification. Feature models let developers recognize similarities and differences within a group of connected AR apps, promoting
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the efficient reuse of components and resources. Feature modelling aids decision-making in the AR development lifecycle, enabling
developers to make educated design decisions and efficiently handle intricate AR systems.

Recent research has investigated several methods for integrating feature modelling into AR development procedures. It
involves creating specialized modelling languages and tools specifically designed for AR development requirements and
incorporating feature modelling into current design and development procedures [30,31]. Empirical research and evaluations have
been done to analyze the effectiveness and efficiency of feature modelling strategies in AR development. These studies evaluated
their influence on development productivity, software quality, and user happiness [2,33].

Feature modelling in AR development shows potential but also poses problems and research possibilities. The issues
involve dealing with the changing characteristics of AR environments, guaranteeing compatibility and connectivity among various
AR platforms and devices, and combining feature modelling with new technologies like machine learning and artificial intelligence
[17,18,22]. Standardizing modelling languages and tools designed for AR development is essential to encourage wider acceptance
and collaboration among developers and stakeholders.

Promising directions for future study in feature modelling for augmented Reality are apparent. These involve studying
sophisticated modelling methods that accurately depict the complex interactions and behaviours found in AR environments, as well
as researching novel applications and scenarios for feature modelling in AR development [20,31]. Researchers and practitioners
may use the potential of feature modelling to influence the future of AR experiences by tackling difficulties and utilizing a new
technology.

4 FEATURE MODELING IN VIRTUAL REALITY:

Virtual Reality is an innovative technology which immerses users in digitally recreated environments. It offers unique possibilities
for entertainment, learning, training and more. The increasing complexity and diversity of VR applications present significant
challenges for developers. Software engineering is used to handle the diversity of software products. This is an effective way to
address issues with VR development.

The feature modelling method is a systematized way to examine, illustrate, and supervise the features of software systems
and their connections. In VR development, feature modelling helps developers communicate and capture the various aspects of VR
applications. These include interaction methods, content types, user interfaces and device compatibility. By modelling the elements
of VR applications and their relationships, developers can create modular VR apps that are flexible and adaptable to different user
requirements, hardware configurations, and environmental factors [10,15,19].

Using feature modelling for VR development has many advantages. It allows for a systematic approach to configuring
and personalizing VR systems. Developers can use feature models to identify similarities and differences between VR applications.
This allows for efficient resource and component reuse [32]. The feature modelling process helps developers make informed
decisions in the VR lifecycle. It assists them in managing complex VR systems, from gathering requirements to configuration, and
helps manage their complexity [11, 12].

Recent research has investigated the use of feature modelling in virtual Reality. These tasks include creating VVR-specific

modelling tools and languages, combining the feature model with other development and design approaches, and investigating new
scenarios and applications for VR feature modelling [30,31]. Empirical research has evaluated the effectiveness of VR feature-
modelling methodologies, including their impact on software quality and development productivity.
Using feature modelling in VR development is not without problems, and it can also lead to new research opportunities. This
includes dealing with changing VR environments and their characteristics, assuring seamless operation between VR devices and
platforms, and combining feature modelling with emerging technologies such as machine learning and Al [17,18, 22]. Standardized
modelling tools and languages are also needed to address the needs of VR developers and improve collaboration among
stakeholders and developers [19].

Future research on VR feature modelling should explore many intriguing directions. This includes developing
sophisticated modelling methods for displaying complex interactions and behaviours in virtual environments. It also involves
investigating new uses of feature modelling in VR and combining it with other VR technologies, such as haptic feedback or spatial
audio. By utilizing new technologies and solving difficulties, researchers and practitioners can maximize the impact that feature
modelling has on future VR experiences.
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Ultimately, feature modelling is suitable for managing variability in virtual reality production. This allows for the creation of
adaptable, scalable, customized systems tailored to customers' changing requirements and technological progress. Feature
modelling captures the characteristics of VR systems and systematically presents them. This allows for efficient reuse of
components, informed decisions, and a systematic evolution of VR apps. Through ongoing research and innovation, feature
modelling can drive VR developments and uncover new possibilities for immersive and interactive experiences.

5 CHALLENGES AND LIMITATIONS:

Virtual Reality: Challenges and limitations in feature modelling

e  Complexity in Dynamic Environments Virtual Reality environments (VR) are constantly changing and complex. This
makes it difficult to depict and capture the variety of feature models. Advanced modelling tools and approaches are
required to handle the constantly changing aspects of VR environments, such as user interaction, content dynamics, and
environmental variables.

e  Compatibility and Interoperability: Achieving interoperability among VR platforms, devices, and software versions is a
significant challenge in VR feature modelling. VR applications need to be compatible with a variety of hardware setups.
This requires flexible feature models that can adapt to different specs and capabilities while maintaining uniformity and
logical flows.

e Integration of Emerging Technologies: Feature modelling and new VR technologies, such as haptic feedback and spatial
audio, can be challenging when describing and capturing complex interactions and behaviours. The feature models must
be adapted to the new sensory feedback and interaction methods. This requires continuous research and innovation.

e  Standardization for Modeling Languages & Tools: VR feature modelling is less efficient or accepted without standardized
languages and tools. The difficulty of finding the right tools to build and supervise feature models can lead to
inconsistencies during development.

e  Scalability & Maintainability: Assuring the scalability & maintainability of feature models in large VR projects is an
important issue. As VR applications grow more complex and comprehensive, feature models can become challenging,
leading to longer development times and more work. Implementing meticulous planning and management processes is
essential to ensure consistency and coherence of feature models over time.

e  User Experience and Usability: The usability and experience of feature modelling tools are essential to the success and
uptake of VR development. The developers want easy-to-use tools for creating, editing, and visualizing feature models.
This will improve their productivity and efficiency when it comes to VR development.

e Validation and Evaluation: Empirical evaluations and studies are required to evaluate the effectiveness and efficiency of
feature modelling strategies in VR development. Since VR experiences are subjective and there aren't any benchmarks
or measures to measure the quality of feature models, making meaningful evaluations is difficult.

e Integration With Development Processes Incorporating Feature Modelling into Current Development Techniques Like
Agile Development or DevOps Requires Thoughtful Consideration and Adjustment. To ensure that feature modelling
aligns with the project goals, schedules and resource constraints, developers must integrate it into their processes.

6 FUTURE DIRECTIONS AND RESEARCH OPPORTUNITIES

Future research in feature modelling for VR/AR has many intriguing directions [20]. These advancements include creating
specialized modelling languages and AR/VR development tools. They also combine feature models with new technologies, such
as machine learning and Al, and explore new scenarios and applications for feature modelling in AR/VR. It is necessary to research
the scalability and maintainability of feature modelling methods and their usefulness for AR/VR projects. In addition, it is essential
to conduct empirical research to evaluate the efficiency and effectiveness of feature-modelling techniques for AR/VVR development,
as well as their impact on software quality and user satisfaction [2, 33].

7 CONCLUSION

Feature modelling is essential for creating and planning adaptable and scalable AR/VR applications. This article analyzed many
research articles and offers insights into the most recent AR/VR feature modelling advancements. This article has highlighted the

IRIACS, Vol 1 (Issue 1), 2023 @ (¥
88



A Comprehensive Survey of Feature Modeling in Augmented/Virtual Reality: Current Trends and Future Directions

obstacles, limitations and research opportunities in this rapidly growing field. By overcoming barriers and utilizing new technology,
researchers and practitioners can fully leverage feature modelling to help shape the future of AR/VR.
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