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Abstract

The ongoing digital transformation of manufacturing systems, within the Industry 4.0
paradigm, calls for innovative educational approaches that enable industrial engineers to
interact with cyber-physical environments governed by real-time logic, automation, and
human-machine interfaces. Conventional, theory-driven teaching methods struggle to
convey the operational complexity and contextual dynamics of such systems, particularly
when physical access to industrial machinery is not available.

This thesis presents the design, implementation, and validation of a modular framework
focused on immersive industrial interactions in Virtual Reality (VR). The objective is to
support engineering education through realistic and operationally coherent Digital Twin
environments, where users can interact with virtual machines and control systems as ac-
tive participants. Central to the proposed approach is a component-based architecture in
which each interactive asset is driven by a Finite State Machine (FSM), defined exter-
nally via JSON configuration files. This separation between behavioural logic and visual
representation allows for high modularity and flexible reuse across scenarios.

The framework was validated within a simulated Pick & Place manufacturing cell, de-
signed to replicate realistic industrial workflows and immersive interaction modalities.
This environment served as the main testbed for validating the framework, enabling
structured assessment of usability, responsiveness, and educational effectiveness through
immersive sessions conducted with standalone VR headsets.

Experimental validation demonstrated that the proposed framework effectively supports
meaningful interaction, operational realism, and educational engagement. Users high-
lighted the clarity of system feedback, the intuitiveness of control mappings, and the
perceived sense of agency within the virtual environment. The adoption of a finite state
machine (FSM) architecture enabled modular behaviour definition and seamless integra-
tion of new components, ensuring the scalability of the system across diverse industrial
training scenarios.
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Abstract in lingua italiana

La trasformazione digitale in atto nei sistemi manifatturieri, nell’ambito dell’Industria
4.0, richiede approcci educativi innovativi che permettano agli ingegneri industriali di
interagire con ambienti cyber-fisici governati da logiche in tempo reale, automazione e
interfacce uomo-macchina. I metodi didattici convenzionali, basati prevalentemente sulla
teoria, faticano a trasmettere la complessità operativa e le dinamiche contestuali di tali
sistemi, specialmente in assenza di accesso diretto ai macchinari industriali.

Questa tesi presenta la progettazione, l’implementazione e la validazione di un framework
modulare per interazioni industriali immersive in Virtual Reality (VR). L’obiettivo è sup-
portare la formazione ingegneristica attraverso ambienti Digital Twin realistici, in cui gli
utenti possano interagire con macchinari virtuali e sistemi di controllo, assumendo il ruolo
di operatori attivi. L’approccio adottato si basa su un’architettura modulare in cui il com-
portamento di ciascun asset interattivo è regolato da una Macchina a Stati Finiti (FSM),
definita esternamente tramite file JSON. Questa separazione tra logica comportamentale
e rappresentazione visiva consente elevata modularità e riutilizzo in diversi scenari.

Il framework è stato validato all’interno di una cella di produzione Pick & Place simulata,
progettata per replicare flussi di lavoro industriali e modalità di interazione immersiva.
Questo ambiente ha rappresentato il banco di prova per la verifica del sistema, permet-
tendo una valutazione strutturata di usabilità, reattività ed efficacia educativa, tramite
sessioni immersive condotte con visori VR.

La validazione ha confermato l’efficacia del framework nel promuovere un’interazione sig-
nificativa, un realismo operativo coerente e un solido coinvolgimento formativo. Gli utenti
hanno apprezzato la chiarezza dei feedback di sistema, la naturalezza dei comandi e la
sensazione di controllo. L’uso di FSM ha facilitato la definizione di comportamenti modu-
lari e l’integrazione di nuovi componenti, garantendo la scalabilità del sistema in contesti
formativi industriali.

Parole chiave: Realtà virtuale, Interazione immersiva, Macchine a stati finiti, For-
mazione per Ingegneria industriale, Gemello digitale, Apprendimento immersivo
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1| Introduction and Problem

Statement

Training industrial engineers requires the development of both technical and soft skills,

preparing future professionals to deal with complex manufacturing environments, critical

decision-making processes, and the integration of advanced technologies. As manufac-

turing systems evolve under the paradigm of Industry 4.0, an industrial transformation

driven by cyber-physical systems, interconnected assets, and real-time data management,

engineers must be able to understand, con�gure, and operate highly dynamic production

systems. This paradigm shift has introduced new concepts such as theDigital Twin , a

digital replica of physical assets that enables simulation, monitoring, and optimization of

industrial processes in real time. Within this context, education must not only convey

theoretical foundations, but also prepare students to interact with smart systems, inter-

pret feedback, and make informed decisions based on digital representations of industrial

environments.

Traditional educational methods, however, often struggle to keep up with the increasing

complexity of operational contexts and the tools used to manage them. Access to physical

machinery may be limited, and the ability to safely explore process dynamics or system

logic is constrained by cost, logistics, and safety concerns. In this scenario, immersive

learning technologies, especiallyVirtual Reality (VR), are gaining attention as a powerful

means to complement conventional teaching methods. By providing safe, cost-e�ective,

and highly controllable environments, VR enables students to explore simulated scenarios

that closely replicate real-world industrial systems. These virtual environments allow

hands-on experimentation, system exploration, and the testing of control logic without

the constraints imposed by physical laboratories, such as safety regulations, equipment

availability, or spatial limitations.

The integration of immersive simulations into engineering education is not merely a

technological enhancement, but a shift toward more interactive and engaging learning

paradigms. Immersive tools can improve student engagement, support the development
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of problem-solving skills, and foster a deeper understanding of abstract concepts by mak-

ing them tangible and actionable. Furthermore, they are particularly useful for training

human�machine interaction, a domain that is central to modern digital factories, where

operators must interface e�ectively with machines, sensors, and control systems. In this

sense, e�ective learning does not emerge from passive observation, but from the ability to

act, receive feedback, and re�ne decisions through iterative and purposeful interaction.

However, the e�ective adoption of immersive tools in education still faces several chal-

lenges: many VR training solutions prioritize graphical realism or basic navigation over

realistic and �exible interactivity, overlooking the critical role of operational logic and

user control in reproducing real manufacturing work�ows. This limits their potential for

simulating authentic industrial behavior. In real production environments, operators con-

tinuously interact with machinery through control systems that demand timely feedback,

clear logic, and reactive behavior. These interactions are governed by operational con-

straints such as exclusivity between commands, conditional dependencies, and real-time

responsiveness, all of which must be realistically reproduced to ensure e�ective simula-

tion and learning. Capturing and replicating this interactive complexity in a modular

and scalable way is essential to creating educational simulations that re�ect authentic

industrial practices and prepare engineers for real-world decision-making.

Among the many technological frameworks that enable immersive development, web-

based solutions o�er a promising alternative to traditional device-dependent software.

These tools provide a greater level of accessibility and compatibility, allowing applica-

tions to run across di�erent platforms and hardware con�gurations without installation

overhead. Nevertheless, to be e�ective in industrial education, immersive solutions must

combine ease of access with high levels of realism and adaptability. Designing meaningful

interactive experiences that can be easily con�gured and reused remains a key challenge,

especially when the goal is to simulate the dynamic logic of complex systems and allow

students to interact with them directly.

This thesis contributes to this �eld by proposing and validating a con�gurable system

of interactions designed for immersive training and learning in virtual factory environ-

ments. The work is framed within the broader objective of supporting engineering edu-

cation through the development of modular and reusable Digital Twin components that

respond to realistic operational logic. The focus is on de�ning a generalizable interaction

framework in which users can manipulate virtual controls, activate state-driven behav-

iors, and explore the consequences of their actions in a safe but realistic industrial context.

The proposed solution is structured around recon�gurable components, modeled through

declarative logic and �nite state machines, which enable consistent behavior across dif-



1| Introduction and Problem Statement 3

ferent scenarios while supporting �exible adaptation. By decoupling control logic from

implementation, the system ensures both pedagogical relevance and technical scalability,

bridging the gap between immersive experience and engineering rigor. Ultimately, this

work aims to support a new generation of immersive learning environments in which users

are not passive observers but active agents, engaging with systems, controlling operations,

and exploring industrial logic through direct, meaningful interactions.

The following chapters are organized to guide the reader through the conceptual, technical,

and applicative dimensions of the work:

ˆ Chapter 2 reviews the state-of-the-art on VR applications in education and in-

dustry, with a focus on interaction methods, available frameworks, and relevant

hardware.

ˆ Chapter 3 outlines the problem de�nition, the speci�c objectives and the require-

ments that shaped the project.

ˆ Chapter 4 describes the architectural design and conceptual modeling of the in-

teractive components developed during the thesis work.

ˆ Chapter 5 illustrates the implementation of the interactions and their �exible

instantiation, with behavior and logic con�gurable via spreadsheet-to-JSON work-

�ows.

ˆ Chapter 6 presents the application of the developed actuators in a practical indus-

trial Pick & Place virtual scenario and the results of the functional validation.

ˆ Chapter 7 summarizes the �ndings, discusses technical limitations, and outlines

potential future developments.
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2| State of the Art and Technical

Background

This chapter provides an overview of the state-of-the-art in the �eld of Virtual Reality

applied to industrial and educational training, with particular attention to interaction

methods, development frameworks, and devices. The aim is to highlight the background

and technological rationale behind the solution proposed in this thesis.

2.1. Current Applications of VR in Industrial and

Educational Contexts

Virtual Reality has emerged as a powerful tool in both industrial and educational training

contexts, o�ering immersive and interactive experiences that enhance learning e�ective-

ness, engagement, and skill acquisition. Its adoption is steadily increasing, driven by the

need to provide hands-on training opportunities that are safe, repeatable, and scalable,

particularly in domains where real-world practice is constrained by cost, risk, or logistical

limitations.

In higher education, VR-based platforms are used to replicate laboratory settings, simu-

late complex engineering processes, and provide contextualized learning experiences. For

example,[35] demonstrated that after undergoing a VR-based training focused on the

production process of DME (Dimethyl Ether), chemical engineering students signi�cantly

improved their operational knowledge and practical skills. The average test score in-

creased from 46 to 66.8 out of 100, especially in topics related to chemical equipment and

procedures.

Similarly, [23] noted that 65% of participants in a virtual power plant tour reported an

improved understanding of operational procedures.

Practical skill development is another key area where VR has shown great promise, partic-

ularly for novice users. [27] found that students using immersive VR outperformed peers
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in both accuracy and execution speed on mechanical tasks. In a di�erent study focused

on welding, [26] reported a 41.6% increase in certi�cation rates for students trained via

VR-integrated systems compared to traditional methods.

In industrial contexts, VR is employed for assembly, maintenance, and safety training.

[11] demonstrated the use of a VR/AR platform to train actuator assembly, observing

improved task performance and reduced error rates. Multi-user VR platforms, such as

those described by [13], enable remote, collaborative training for hydraulic maintenance.

Despite its potential, the widespread adoption of VR faces several challenges. These

include the cost of hardware and infrastructure, lack of academic preparedness, uncer-

tainty about pedagogical e�ectiveness, and the limited availability of suitable content

and support structures within higher education institutions [8]. Additionally, developing

high-quality, purpose-aligned VR content remains resource-intensive, as it requires not

only careful design of immersive educational scenarios but also the integration of con-

�gurable assets, real-time interactions, and dynamic system behaviors within a uni�ed

framework [31]. Early research highlighted the importance of recon�gurability and data-

driven customization, emphasizing the need for modular, ontology-based tools, which

support layout design, animation, and seamless integration with other manufacturing

applications through standardized semantic structures [30].

[24] demonstrated the e�ectiveness of Virtual Reality in Lean Manufacturing education

through a quasi-experimental study. Students using a VR-based simulation showed a

signi�cant 7.5 point improvement in post-test scores and reported high engagement, ease

of use, and emotional immersion, highlighting the value of immersive environments in

enhancing learning outcomes.

Frameworks such as the Design, Play, and Experience (DPE) model [9] and its industrial

extension DPE-IE [31] provide structured methodologies for aligning immersive technol-

ogy design with educational objectives. The DPE model emphasizes the integration of

pedagogical intent, interactive mechanics, and experiential depth, o�ering a balanced

foundation for developing serious games and VR training environments. Building on this,

DPE-IE adapts these principles to industrial education, incorporating domain-speci�c re-

quirements and supporting modularity and recon�gurability. This approach ensures that

immersive experiences are not only engaging but also tailored to promote e�ective skill

acquisition and knowledge transfer in complex technical domains.

In conclusion, VR supports cognitive and procedural learning in engineering by enhancing

engagement, retention, and skill transfer, while enabling safe experimentation in high-risk

or inaccessible scenarios.
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2.2. Current Immersive Interaction Techniques in VR

In immersive Virtual Reality (VR) systems, interaction techniques are fundamental to

enabling meaningful engagement with virtual environments and objects. Particularly

in industrial and engineering training contexts, the ability to manipulate components,

activate controls, and interact with machinery via intuitive methods is critical to the

realism and e�ectiveness of simulation-based learning. This section surveys the principal

interaction techniques employed in VR and discusses their con�gurability in relation to

object manipulation and control activation, essential capabilities for designing interactive

industrial components.

Among the most prevalent methods for object selection is ray-casting, which projects a

virtual ray, typically from a controller or hand, to point and select elements in the environ-

ment. This technique is widely adopted due to its speed and intuitive aiming capabilities,

especially for large or nearby objects. However, it exhibits decreased accuracy when ap-

plied to distant or small targets, and bene�ts greatly from visual feedback mechanisms to

enhance usability [6, 36].

To address ray-casting's limitations in �ne manipulation, virtual hand techniques enable

direct one-to-one mapping between a user's real and virtual hands, allowing natural in-

teraction for nearby tasks [21]. While realistic, these approaches are inherently limited by

the user's physical reach. The Go-Go technique overcomes this by dynamically extending

the virtual arm, allowing interaction with distant objects through nonlinear scaling [6],

although this may come at the cost of reduced precision.

Advanced strategies like PRISM (Performance-based Rate-Independent Scaled Manipula-

tion) and Erg-O o�er further re�nement. PRISM dynamically adjusts movement scaling

to improve accuracy in tasks requiring precision [10], while Erg-O focuses on ergonomic

optimization by retargeting object positions to reduce user strain [19]. These approaches

have demonstrated performance gains, but sometimes at the expense of spatial consistency

or immersion.

Gesture-based interaction through hand tracking, enabled by devices such as Leap Motion,

represents another intuitive modality, supporting grasping and rotation without physical

controllers. Although realistic interfaces enhance user immersion, they can also present

challenges in terms of usability. In particular, instability in object manipulation and

inaccuracies in tracking under certain conditions can lead to user discomfort and increased

task completion time [15]

In industrial contexts, controller-based inputs remain the most reliable interface for inter-
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action with virtual buttons, switches, and sliders. Devices such as VR controllers provide

robust support for both discrete actions and continuous input types, making them suit-

able for a wide range of immersive interactions [17]. Their consistent behavior and tactile

feedback make them ideal for constructing complex virtual control panels [34].

Importantly, no single technique o�ers universal superiority. Rather, each method's ef-

fectiveness depends on task-speci�c variables, including object distance, interaction com-

plexity, and hardware limitations. Ray-casting and virtual hands excel in local selection

tasks; Go-Go aids in reaching distant targets; PRISM enhances precision; and Erg-O

improves comfort in prolonged sessions. Additionally, alternative navigation strategies

such as gaze-based steering have shown promising results, o�ering more intuitive and

e�cient movement in immersive environments compared to traditional techniques like

map-dragging, particularly in scenarios requiring continuous spatial awareness [6].

Con�gurability plays a crucial role in enhancing usability, allowing interaction techniques

to be dynamically tailored to speci�c scenarios. Parameters such as scaling factors, acti-

vation thresholds, and feedback cues can be �ne-tuned to optimize performance and user

experience. This adaptability is especially valuable in industrial VR simulations, where

interactive logic must re�ect real-world constraints, such as snapping objects to zones or

toggling machine states through selectors.

Ultimately, immersive interaction in VR is most e�ective when approached with a hybrid

and user-centered design mindset. Developers should tailor methods to match ergonomic

comfort, task demands, and device capabilities. Structured taxonomies of interaction

techniques, such as those proposed by [34], provide useful guidelines for selecting and

integrating interaction models that balance usability, immersion, and e�ciency, core goals

in educational and industrial training environments.

2.3. Tools and Frameworks for Web-Based Immer-

sive Development

Developing immersive and interactive digital environments for industrial or educational

use cases requires a set of tools that are not only graphically performant and hardware-

compatible, but also modular, extensible, and easily accessible across platforms. Web-

based solutions have gained increasing attention for these purposes due to their ability to

run directly in modern browsers without additional installations, o�ering cross-platform

availability and fast deployment. While multiple tools are available for immersive devel-

opment, WebXR, Babylon.js, and VEB.js stand out for their complementary features and
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support in building engaging experiences.

WebXR is a web standard developed and maintained by the W3C (World Wide Web

Consortium), the main international organization responsible for de�ning web technologies

and protocols [32]. It provides APIs (Application Programming Interfaces), which are

standardized sets of functions that allow developers to interact with complex system

components, such as VR headsets or motion controllers, without needing to manage low-

level hardware instructions.

Through these APIs, WebXR enables developers to create immersive experiences directly

in the browser, supporting both augmented reality (AR) and virtual reality (VR). It is

compatible with a wide variety of devices, including VR headsets (e.g., Meta Quest), AR

glasses, and smartphones. One of its key advantages is hardware abstraction: a single

codebase can be used across di�erent platforms, whether immersive (e.g., Head Mounted

Displays) or non-immersive (desktop screens), with built-in support for spatial tracking,

controller input, and environmental sensing.

Despite these bene�ts, WebXR adoption still faces limitations due to inconsistent browser

support, varying performance across devices, and the need for speci�c runtime environ-

ments. To mitigate the inconvenience of testing applications exclusively through physical

headsets, developers can use tools such as the WebXR Emulator Extension for Chrome.

This extension simulates the behavior of headsets and controllers, allowing for faster and

more convenient debugging and interaction testing directly within the browser, without

the need to wear a device during development iterations[33].

Babylon.js is a powerful and widely adopted open-source 3D engine built on top of WebGL,

the low-level browser standard for GPU-accelerated rendering [2]. It o�ers a robust set of

tools to build, render, and animate 3D scenes in real time, including features such as:

ˆ Advanced material and lighting systems,

ˆ Physics simulation through modular engines (e.g., Cannon, Havok),

ˆ Animation blending and skeletal rigging,

ˆ Input and camera control systems,

ˆ Full integration with WebXR for immersive deployment.

Its main strengths lie in performance optimization, scene expressiveness, and ease of use

for developers familiar with JavaScript. Babylon.js also includes an extensive ecosystem

of extensions and documentation, making it an attractive choice for developing browser-

based XR applications. Nevertheless, being a low-level engine, it requires signi�cant
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development e�ort to manage scene logic, interaction behaviors, and application structure,

especially in complex simulations. For this project, version 8.10.0 of Babylon.js was used.

To address the complexity of con�guring immersive environments, while enhancing scal-

ability, modularity, and reuse, higher-level frameworks such as VEB.js (Virtual Environ-

ment based on Babylon.js) have been adopted. VEB.js is a web-based, model-driven appli-

cation developed by Dr. Walter Terkaj (STIIMA-CNR) with contributions from Dr. Mar-

cello Urgo (Politecnico di Milano), speci�cally designed to support con�gurable virtual

simulations for industrial and educational use cases [29].

Built atop Babylon.js, VEB.js inherits all core rendering and interaction capabilities (e.g.,

lighting, physics, animation, WebXR integration), while introducing a higher abstraction

layer that cleanly separates interaction logic from geometric representation. Its architec-

ture is data-driven, meaning that:

ˆ 3D assets (e.g., robots, conveyors, sensors) are loaded fromGLTFmodels generated

via CAD and mesh editing pipelines;

ˆ Behaviors and logic are externally de�ned via.json con�guration �les structured

around semantic ontologies;

ˆ Interactive dynamics are implemented using �nite state machines (based on state-

charts), which de�ne transitions, animations, and control actions over time.

The typical work�ow involves CAD modeling (exported in formats like STEP or IGES),

followed by mesh processing and rendering optimization (e.g., with OBJ or GLTF + PBR

materials), and �nally enriched with behavioral semantics through JSON descriptors. The

result is a fully recon�gurable virtual environment, dynamically built at runtime from the

fusion of geometric and logical de�nitions [4].

VEB.js provides several key functionalities:

ˆ Dynamic instantiation and hierarchical placement of scene elements based on spatial

coordinates and parent-child relations;

ˆ Declarative behavior speci�cation, through JSON-based con�guration without re-

quiring hardcoded logic;

ˆ Centralized lifecycle management for user interface elements and 3D objects;

ˆ Support for scene re-export, enabling updates and version control via modi�ed JSON

outputs.

A de�ning strength of this system lies in its semantic decoupling of form and function:
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any 3D mesh, regardless of its visual origin, can be dynamically assigned a functional

role through its type and associated statechart con�guration. This approach allows de-

velopers to reuse visual assets across multiple functional roles, promoting consistency and

minimizing development e�ort.

Furthermore, thanks to its Babylon.js foundation, VEB.js enables advanced rendering

techniques (e.g., physically-based materials), immersive navigation through WebXR, and

interactive manipulation of objects. As a web application, it supports seamless cross-

platform execution: it runs directly in any modern WebGL-compatible browser, whether

on a PC, tablet, smartphone, or VR headset.

VEB.js bridges the gap between conceptual modeling and technical implementation, of-

fering a powerful infrastructure for building scalable, maintainable, and interactive digital

twins and virtual learning environments.

In summary, the combination of WebXR, Babylon.js, and VEB.js constitutes a compre-

hensive stack for web-based immersive applications, striking a balance between graphical

�delity, interaction complexity, and deployment simplicity. Their integration supports the

development of scalable, maintainable, and highly interactive training environments for

the manufacturing domain.

2.4. Immersive Interaction Devices: VR Headsets and

Controllers

Immersive interaction devices represent the primary interface between the user and the

virtual environment. In virtual reality (VR) applications, the input/output system typi-

cally consists of two key components: the head-mounted display (HMD) and the hand-held

controllers.

The headset is responsible for generating the immersive experience. By projecting high-

resolution stereoscopic images to each eye and tracking the user's head movements in real

time (head tracking), the headset enables users to perceive the 3D scene in a realistic and

dynamic manner. Some models also include passthrough functionality and environmental

tracking, which enhance safety and improve interaction with the physical surroundings.

The VR controllers serve as a physical extension of the user's hands. Equipped with

buttons, triggers, and motion sensors, they allow users to manipulate virtual objects,

activate commands, and navigate through immersive space. Modern technologies also

incorporate haptic feedback and gesture recognition, enhancing the sense of presence and
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the intuitiveness of interaction.

The Meta Quest 3S was used in this project, a standalone virtual reality headset released

in 2024. It features high-resolution displays and a fast processor, which ensure a smooth

and responsive VR experience with refresh rates up to 120 Hz [18].

To track the user's movements and hands, the headset includes several built-in cameras,

four infrared and two RGB, which allow it to understand where the user is and how they

move, without the need for external sensors. Inside-out tracking is especially useful in

interactive simulations where the user needs to walk around and grab or press virtual

objects [18].

The system is complemented by the Meta Touch Plus controllers, featuring an ergonomic

design without external tracking rings. Sensors are integrated directly into the body of

the controller and, in combination with the headset's cameras, provide accurate tracking.

The controllers include analog triggers, interaction buttons, joysticks, and gesture support,

making them well-suited for complex interactions such as triggering, grabbing, and object

rotation or translation [18].

The use of the Meta Quest 3S enabled the validation of the project's immersive function-

alities under realistic operating conditions, ensuring a coherent, responsive, and pedagog-

ically e�ective user experience.

Figure 2.1 and Figure 2.2 illustrate the headset used and the button mapping of the Meta

Touch Plus controllers, respectively.

Figure 2.2 provides an overview of the physical layout of the Meta Touch Plus controllers,

highlighting the main input elements available to the user. Both controllers are equipped

with analog sticks for navigation, a pair of front-facing buttons (A and B on the right

controller, X and Y on the left), a trigger button on the rear, and a lateral grip button.

The analog sticks typically support two main locomotion methods in VR environments:

free movement, where the user moves continuously in the direction the stick is pushed

(relative to the headset orientation), and teleportation, where the user points at a spot

on the ground and instantly moves there, minimizing motion sickness and o�ering better

spatial awareness in limited physical spaces.

The A, B, X, and Y buttons function as digital inputs and only support simple press/release

actions. In contrast, the trigger and grip buttons are analogical, meaning they detect dif-

ferent levels of pressure. This allows for more precise and context-sensitive interactions,

such as simulating variable resistance or activating functions progressively.
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Additionally, each controller features a system-level button: the Menu button on the left

controller and the Meta button on the right, used to access application settings or system

interfaces. This button con�guration enables a rich variety of immersive interactions and

ensures compatibility with the diverse set of user actions required by the simulation.

In the upcoming chapters, it will be shown how some of these buttons have been associated

with speci�c code-driven functionalities to support immersive and reactive interactions.

In particular, selection and activation of objects within the scene are managed through

a virtual ray cast from the front of each controller as shown in Figure 2.3. This ray acts

as a pointing device, conceptually similar to a traditional mouse cursor, allowing users to

aim at objects, highlight them, and trigger actions through button presses. This approach

ensures precision in object targeting and o�ers an intuitive way to interact with virtual

assets, especially in scenarios that involve remote selection or activation without direct

grabbing.

Figure 2.1: Meta Quest 3S VR Headset and controllers used in the project[1].

Figure 2.2: Mapping of the main input elements on the Meta Touch Plus controllers.
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