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“It’s going to be interesting to see how society deals with artificial intelligence,                     
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ABSTRACT 

We live in a time in which the importance of efficient teaching methods in the professional 

world is immense and continuously growing. In the face of this, numerous approaches and 

ideas on this subject have emerged.  

However, with today's technology, it is now possible to integrate generative artificial in-

telligence with virtual reality and digital twins to create efficient and autonomous learning en-

vironments. This dissertation demonstrates this concept, within the context of teaching the 

user how to control a manufacturing robot. 

While there are existing ideas on using these tools for educational purposes, the concept 

of combining them to create a fully immersive learning environment has not been sufficiently 

explored. One reason for this is that most of these tools, particularly generative AI, are relatively 

new, and some have been expensive or difficult to gain access to in recent years. However, this 

is expected to change over time as these technologies improve and become more accessible. 

The focus of this project was then on developing a proof-of-concept system that demon-

strates the feasibility of integrating generative AI, Digital Twins (or some other type of virtual 

replica) and VR technologies, all within a single system, to provide the user with an immersive 

learning experience, in this case, for teaching robot controls. The system immerses the user in 

a VR environment, allows the user to control a virtual replica of a manufacturing robot, and 

supports the user with AI functionalities, in the form of an AI tutor or assistant. 

The development process required a thorough analysis of available tools and methods 

for integrating them into one application. The main challenge was to make these tools function 

cohesively within the context of teaching and immersing the user in the virtual world. 

By the end of development, the proof-of-concept system successfully demonstrates that 

creating such an immersive learning environment is indeed possible and it highlights the pro-

found potential of these new technologies to revolutionize teaching methods. 
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RESUMO 

Vivemos numa época em que a importância de métodos de ensino eficientes no mundo pro-

fissional é imensa e tem vindo a crescer. Perante isto, têm surgindo diversas abordagens e 

ideias sobre este tema. 

Contudo, com a tecnologia atual, torna-se agora possível integrar inteligência artificial 

generativa com realidade virtual e digital twins para criar ambientes de aprendizagem eficien-

tes e autónomos. Esta dissertação irá demonstrar este conceito, dentro do contexto de ensinar 

o utilizador a controlar um robô de manufatura. 

Embora já existam ideias sobre o uso destas ferramentas para fins educativos, o conceito 

de as combinar para criar um ambiente de aprendizagem totalmente imersivo não foi sufici-

entemente explorado. Uma das razões para isso é que muitas destas ferramentas, particular-

mente a IA generativa, são relativamente recentes e algumas têm sido caras ou difíceis de 

obter nos últimos anos. No entanto, espera-se que isso mude à medida que, com o passar do 

tempo, estas tecnologias melhorem e se tornem mais acessíveis. 

O foco deste projeto consistiu, portanto, no desenvolvimento de um sistema de prova 

de conceito que demonstre a viabilidade de integrar IA generativa, Gémeos Digitais (ou outro 

tipo de réplica virtual) e tecnologias de Realidade Virtual, todas num único sistema, com o 

intuito de proporcionar ao utilizador uma experiência de aprendizagem imersiva, neste caso, 

para o ensino de controlo de robôs. O sistema imerge o utilizador num ambiente de realidade 

virtual, permite-lhe controlar a réplica digital de um robô de manufatura e apoia o utilizador 

com funcionalidades de IA, na forma de um tutor ou assistente artificial. 

O processo de desenvolvimento exigiu uma análise detalhada das ferramentas disponí-

veis e dos métodos para as integrar numa única aplicação. O principal desafio foi fazer com 

que estas ferramentas funcionassem de forma coesa no contexto de ensino e imersão do uti-

lizador no mundo virtual. 
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Ao fim do desenvolvimento, o sistema de prova de conceito demonstra com sucesso que 

é de facto possível criar um ambiente de aprendizagem imersivo deste tipo, e destaca o po-

tencial profundo que estas novas tecnologias têm para revolucionar os métodos de ensino. 

 

Palavras-chave: IA generativa, Realidade Virtual, Digital Twins (Gémeos Digitais), Replica Vir-

tual, Aprendizagem Imersiva, Ambientes de Ensino Autónomos, Controlo de Robôs de Manu-

fatura, Tecnologias de Ensino, Integração de Tecnologias 
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GLOSSARY 

Artificial           

Intelligence 

Computer system that can perform tasks that normally require human in-

telligence, such as understanding language and recognizing patterns. 

Augmented 

Reality 

Technology that overlays digital information (like images or sounds) onto 

the real world, often through a smartphone or special glasses. 

Chat Bot A system designed to simulate conversations with humans, typically 

through text or voice interactions. 

ChatGPT An AI language model (Chat Bot) developed by OpenAI that can generate 

human-like text based on the input it receives. 

Digital Twin A virtual model that mirrors a physical object or system, allowing for anal-

ysis and simulations. 

E-Learning Learning conducted via electronic means, typically through online courses 

and digital resources. 

Game Engine Software system used for creating and developing video games. 

Industry 4.0 The current trend in manufacturing that uses smart technology to create 

more automated and efficient production processes. 

Industry 5.0 The next phase in industry, focusing on the collaboration between humans 

and machines, emphasizing sustainability and personalization. 

Lean Learning An approach to learning that minimizes waste and maximizes efficiency, 

often through streamlined processes and focused training. 
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Learning and 

Development 

Organizational activities aimed at improving the skills, knowledge, and 

competencies of employees. 

Learning   

Management 

Systems 

Software applications that help organizations manage, deliver, and track 

training and educational courses. 

Natural        

Language   

Processing 

A branch of AI that enables computers to understand, interpret, and re-

spond to human language. 

OpenAI One of the major AI research companies at the moment, that focuses on 

developing and promoting AI. 

Proof of      

Concept 

A demonstration to prove that an idea or theory is feasible and can be de-

veloped into a real application or product. 

Robotstudio ABB’s software that allows users to simulate, program, and optimize robot 

operations without needing physical robots. 

Society 5.0 A conceptual paradigm for a smart society that integrates advanced tech-

nologies to improve quality of life and solve societal issues. 

Speech-to-Text Technology that converts spoken language into written text. 

Text-to-Speech Technology that converts written text into spoken voice output. 

Unity One of the most popular game engines, used for creating 2D and 3D video 

games and simulations across various platforms. 

V-Learning A form of learning that uses virtual environments or platforms to enhance 

educational experiences. 

Virtual             

Environment 

A computer-generated space where users can interact with a simulated 

world, often through VR or AR technologies. 

Virtual Reality An immersive technology that creates a simulated environment, allowing 

users to experience and interact with a 3D world using VR headsets. 
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ACRONYMS 

AI Artificial Intelligence 

AR Augmented Reality 

L&D Learning and Development 

LMS Learning Management Systems 

NLP Natural Language Processing 

TTS Text-to-Speech 

STT Speech-to-Text 
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1  

 

INTRODUCTION 

1.1 Motivation 

With the emergence of Industry 4.0, a technological revolution in manufacturing processes 

began, marked by the extensive integration of digital technologies to develop more efficient 

intelligent systems. This new era of industry led to the popularization of the use of new crucial 

tools in manufacturing, based on, for example, AI, virtual reality and digital twins [1]. 

Following Industry 4.0, Industry 5.0 now emerges, with its focus on human-machine inte-

gration, representing an expansion in which collaboration between humans and machines is 

prioritized, integrating human innovation and flexibility in the production process. 

Given this context, the industrial world finds itself in a phase where human-machine inter-

action technologies have great relevance and immense potential. One technology that sur-

prised the world in 2022 was the Chat Bot developed by OpenAI, ChatGPT. 

ChatGPT is an AI tool, capable of interacting with a human almost as equals, with access 

to an enormous amount of information. If an AI tool like this were to be used together with 

some of the main technological tools and innovations that have defined Industries 5.0 and 4.0, 

the potential applications and solutions to explore would be vast.   

The combined use of tools like digital twins, virtual reality and AI could help solve various 

challenges in a more advantageous way. For example, the application of these tools in industry 

or academic training could allow for efficient learning without the need to reallocate resources 

typically allocated for production. Humans can thus interact virtually with these resources in an 

immersive learning environment that is also safer and more comprehensive, thanks to the com-

bination of the mentioned technologies. However, such applications are still in an embryonic 

phase, not yet having reached a maturity that allows for widespread use. This exploratory work 
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aims to contribute to progress in this direction, refining the combination of these technologies, 

driving the development of solutions, and their eventual incorporation into industrial environ-

ments. To this end, a virtual training environment will be developed in which the concept will 

be illustrated, combining AI, virtual replicas, and virtual reality technologies.  

 

1.2 Main Objectives 

The objective of this dissertation is, therefore, to demonstrate the potential that Chat Bot tools 

and immersive technologies bring when combined and applied in the context of learning and 

professional training, as well as in the context of industrial manufacturing. 

Establishing the concept's credibility and utility is important, as is studying the different 

technologies involved and elaborating on how they relate to and interact with each other. 

More concretely, what will be developed in practical terms is a virtual environment that 

can be experienced using virtual reality equipment. In this environment, the user can learn the 

controls of an industrial robot with the support of an artificial assistant, a Chat Bot.  

This project thus serves as a prototype of a virtual environment dedicated to profes-

sional training. In this environment, the controls of a real robot are simulated, with the support 

of a Chat Bot that autonomously assists the user in a precise and dynamic manner. 

One of the main advantages that a system of this type can bring is allowing users to 

learn with virtual equipment instead of real ones. This approach avoids the risk of damaging 

the equipment. It also reduces the number of resources necessary for training new employees, 

as there is no need to use real equipment for training, and fewer human resources are required 

for these activities. The potential of using this popular new technology, in combination with 

other tools, to make professional training more efficient and practical will be demonstrated. 

Ideally, this dissertation could serve as proof of concept for other similar systems, where 

Chat Bots are also used to assist and communicate with workers, whether in a training context 

or otherwise. 

 

1.3 Document Structure 

This dissertation is structured into five chapters. The first chapter outlines the motivation and 

primary objectives of the study.  
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The second chapter reviews the state of the art related to the project, examining its con-

nection to the current industrial landscape, relevant technologies, and similar systems that ei-

ther exist or have been explored.  

In the third chapter, an in-depth analysis of the development process is presented. This 

chapter covers how various technologies were integrated into a single system, the system’s 

structure, and how its components work together.  

The fourth chapter provides an overview of the testing process and the conclusions 

reached, assessing whether the system meets the desired requirements. It also includes an 

analysis of potential improvements and explores how systems similar to this one could be de-

veloped further.  

Finally, the fifth chapter offers a concise conclusion. It reviews the key challenges en-

countered during development and reflects on the project's future potential, wrapping up the 

dissertation with insights on the concept's outlook. 
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2  

 

STATE OF THE ART 

2.1 Innovations in the Growing L&D Industry 

Learning and Development (L&D) refers to the department within an organization dedicated 

to preparing and training employees, by investing in their skills to improve the organization’s 

performance. It's an area of growing relevance today, which has led to the emergence of new 

solutions and technologies over the years, aimed at enhancing training processes.  

Microlearning is an example of a training method that has gained popularity in recent 

years. In this method, training is delivered through short, focused lessons, provided gradually 

and divided into modules to make them more accessible, thus facilitating knowledge retention. 

Other terms have also gained prominence, such as Social Learning, Remote Learning, 

Personalized Learning, Gamification, and Continuous Learning Culture. Social learning refers to 

the importance of collaborative learning, valuing the exchange of knowledge and teamwork 

among colleagues. Remote learning became especially relevant during the COVID-19 pan-

demic, referring to the concept of learning via the internet. Personalized learning recognizes 

the individual needs and characteristics of each learner, emphasizing the creation of personal-

ized learning paths tailored to their specific needs. The term Gamification describes the imple-

mentation of game logic in the learning process, for example, promoting competition and im-

plementing reward systems for learning. Continuous Learning Culture refers to the value 

placed on the ability to learn and relearn throughout a career in today’s work cultures [2].  

These terms represent some of the most relevant topics in L&D sectors today, and to 

realize them, new technological tools are starting to gain popularity. Currently, there are vari-

ous tools of this type capable of supporting professional training. E-learning, for example, is a 

term that emerged to describe the new electronic teaching platforms that have appeared. 
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Learning Management Systems, or LMS, are software systems dedicated to managing, plan-

ning, and assessing students' preparation and performance, and they are also an example of a 

type of e-learning technological tool that is already being used in the context of L&D [3]. Moo-

dle is one popular example of a LMS system, as is seen in Figure 2.1. 

 

 

Figure 2.1 - Moodle is an example of an e-learning tool, in this case, a LMS [4] 

AI-based tools and virtual reality are increasingly used in L&D contexts, as they are 

capable of offering functionalities that can address many of the needs mentioned earlier. 

In further chapters we will explore in greater detail how AI tools and virtual environment 

creation can benefit the L&D industry, and this topic will be a major focus throughout this 

dissertation. 

In the following section, section 2.1.1, we will examine how the L&D industry's current 

needs are leading to the emergence of these new solutions. 

 

 Contextualization of the Current Needs in the L&D Industry 

In a dynamic and constantly evolving world, the relevance of L&D sectors has increased con-

siderably in recent years, becoming one of the fundamental pillars for a company's success. 

The costs of professional training, excluding a decline during the COVID-19 pandemic, have 

been consistently rising since 2008, as indicated by a study published by Statista [5] and shown 

in Figure 2.2. This increase could be inferred from the growth in the number of training hours 

in the workplace worldwide, with the professional training industry being one-third larger in 

2021 than it was in 2009 [6]. 
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Figure 2.2 - Evolution of the average cost associated with professional training between 2008 and 2021 [5] 

In 2022, training costs in the U.S. exceeded 100 billion dollars for the first time, and 

according to more recent studies, they rose to 101.8 billion dollars in 2023. This reflects the 

growing importance of the L&D industry today. However, it is also important to mention the 

exceptions, cases where L&D costs decreased. Often, this occurred due to economic uncertain-

ties, reductions in the scope of training, or decreased investments. However, a common reason 

was also the adoption of autonomous processes that reduce costs compared to other training 

programs, such as the use of e-learning tools [7]. 

LMS (represented in Figure 2.3) are especially popular among companies experiencing 

rapid growth, with exponential increases in workers and partners. In such cases, individual 

training or human instruction for small groups may no longer be viable [8].  

 

 

Figure 2.3 - Learning management system (LMS) [9] 

The growth of L&D industries in recent decades demonstrates the increasing im-

portance of the sector. This fact has led to the emergence of new solutions and the reinforce-

ment of certain paradigms mentioned earlier. The rise of autonomous, accessible, and efficient 

solutions in the provision of training services shows a growing interest in optimizing these 
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processes, and technological tools, such as the use of artificial intelligence (e.g., Chat Bots), 

demonstrate significant potential in this area. 

In work areas that require training in the use of complicated, often scarce and expensive 

equipment, virtual training options through realistic simulations would be useful. New profes-

sionals could learn how to use the equipment safely without the risk of accidents. If possible, 

automating the process by using artificial intelligence could potentially diminish the human 

and financial costs required for training. 

All of this indicates a growing interest in cost-effective and efficient solutions for pro-

fessional training and shows that there is a space in today’s markets where a concept like the 

one promoted in this dissertation has potential. 

In section 2.1.2, we will look at an example of a training methodology that would greatly 

benefit from the use of these new tools. 

 

 Applications in Lean Learning  

Lean learning is a learning and training methodology initially popularized by Toyota, primarily 

focused on maximizing results and reducing costs. When applied in companies, the concept 

aims to increase the adaptability and flexibility of its employees. 

The main steps for applying lean learning are as follows: 

 

1. Learn the basics of the subject of study. 

2. Immediately apply what was learned in real situations. 

3. Receive immediate support and suggestions to refine what has been learned. 

4. Repeat the cycle. 

 

This learning approach requires constant contact with the practical aspects of what is being 

learned and demands a high level of customization in training, so that it adapts to the specific 

needs of each learner. In this methodology, it is crucial for the learner to receive constant sup-

port from an instructor or, at the very least, from something capable of providing constructive 

feedback whenever necessary [10]. 

These characteristics make it a methodology frequently recommended by critics of tradi-

tional training approaches in L&D sectors. It is becoming increasingly common in various fields 

and serves as a clear example of the potential benefits that simulation technologies and learn-

ing support can provide. 
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VR Simulation systems applied to professional training in robot control, capable of provid-

ing autonomous support through an intelligent Chat Bot, could be highly useful in the context 

of lean learning. 

The interactive virtual environment, together with the Chat Bot, would be able to offer in-

stant support to the user in an efficient and almost human-like manner (given the capabilities 

of modern Chat Bots). Such a virtual environment could also offer various training options and 

scenarios, meeting the adaptability needs mentioned earlier. This way, the user could learn and 

test their skills in a realistic, safe, and controlled environment, fulfilling the necessary require-

ments for the application of lean learning. 

This training methodology thus serves as a good example of a scenario in which training 

systems like the one proposed in this dissertation could be useful. 

 

2.2 Contextualization with Industries 4.0 and 5.0 

As mentioned in chapter 1.1, we are immersed in the digital era of Industry 4.0, also known as 

the Fourth Industrial Revolution. 

Industry 4.0 (illustrated in Figure 2.4) marks the era of digitization in the manufacturing 

sectors, driven by an increase in data exchanges, connectivity, advancements in human-ma-

chine interaction, and progress in robotics. During this transition, tools such as machine learn-

ing, artificial intelligence, augmented reality, and virtual reality have demonstrated their utility 

in various ways within manufacturing industries [1]. This new paradigm in manufacturing pro-

cesses emerged in the 2010s and continues to be extremely relevant today.  
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Figure 2.4 - Industry 4.0 [11] 

However, there are already talks of 5.0 paradigms, from which Society 5.0 emerges, lead-

ing also to the emergence of Industry 5.0. The 5.0 social paradigm proposes a human-centered 

society, promoting a balance between economic advancement and the pursuit of solutions to 

social problems through a system that integrates the cyberspace and the physical world [12].  

Industry 5.0, then, arises as a direct consequence of Society 5.0. In Industry 5.0, the reintroduc-

tion of humans in the production process is emphasized, not to diminish the importance of the 

technological advancements of Industry 4.0, but rather to apply them in a way that supports 

humans. The focus shifts from surpassing and replacing humans through extensive automation 

to achieving full cooperation between humans and machines to maximize human adaptability, 

creativity, and intelligence [13]. In Figure 2.5 we can see a representation of the main focus 

points of Industry 5.0, sustainability, human centrism and resilience. 
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Figure 2.5 - Industry 5.0 [14] 

Thus, it becomes evident that the development of new forms of interaction and collabo-

ration between humans and machines is one of the most crucial topics today and for the future 

of the industrial landscape. 

In this context, the proposed concept fits perfectly, as the development of a virtual envi-

ronment where humans can learn and train with the support of an intelligent, artificial assistant, 

represents a form of human-machine collaboration taken to a more advanced level. 

 

2.3 Technologies Supporting Learning Paradigms 

Previously, we have seen how, in the current context of the private and industrial world, L&D 

sectors are increasingly valued. The growing demand for accessible solutions for training new 

workers was highlighted, and it was discussed how, in the context of lean learning, a training 

methodology that is increasingly adopted, technological tools focused in providing immersive 

and interactive learning experiences show great potential. 

After a general contextualization of the current industrial landscape, it was concluded 

that there is a clear trend towards increasing collaboration and interaction between humans 

and machines, something that aligns with the value of the concept promoted in this disserta-

tion. 

The next step will be to explore the technological tools necessary for the implementation 

of the proposed project. 
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To recap, the project in question is a simulation system designed for teaching the con-

trols of a robot, which can be experienced in virtual reality. This virtual environment will feature 

a digital replica of a robot, controllable through a control system that is inspired by real robot 

control systems. Additionally, the user will have the support of an artificial "instructor" in the 

form of a Chat Bot. 

  

 Digital Twins 

For the development of this idea, it is crucial to study what a digital twin is, in what contexts 

they are used, and what role this technology plays in the context of professional training.  

 A digital twin is a detailed virtual replica of an object or system, capable of simulating 

its real behaviour. They are typically created based on data collected from various sensors over 

time, associated with the real system that is being replicated. The use of this data allows for 

the creation of a virtual copy that can closely mimic the system with high precision. An example 

of what a virtual model of a real object may look like is seen in Figure 2.6. 

 

 

Figure 2.6 - Digital twin of a robotic arm [15] 

The distinction of the digital twin concept from more traditional simulations, comes 

mainly from its considerably larger scale. While conventional virtual simulations typically focus 

on a single process, the term digital twin refers to simulations generated from a massive 

amount of data, enabling the simulation of a vast number of scenarios more realistically. 

Another distinguishing aspect of digital twins compared to more traditional forms of 

virtual simulation is the access to real-time data, allowing for the updating of the virtual model 

and the exchange of information between the real and virtual systems. This feature makes it 

possible to explore a wider variety of phenomena with greater realism and adaptability [16]. 

Digital twins have a wide range of applications across various industries, being useful 

in sectors such as healthcare, agriculture, construction, manufacturing, and more. They are 
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widely used to optimize systems and to make predictions through simulations. For example, 

suppose a digital twin of a factory is created and used to simulate its operations. In that case, 

it becomes possible to detect risks and problems that would be difficult to identify by only 

analysing physical processes. Additionally, finding ways to optimize the factory's processes be-

comes feasible, something that would be challenging to visualize without the use of a digital 

twin. 

Moreover, the potential of digital twins in training areas is also notable. Given the im-

portance of training competent professionals, as mentioned earlier, due to the increasing com-

petition in today's markets, more and more digital tools are being integrated in the context of 

L&D, with digital twins being one of these tools. 

The use of digital twins, especially in conjunction with virtual reality (illustrated in Figure 

2.7), can allow professionals to acquire valuable skills by virtually experiencing the scenarios 

for which they are being trained. This solution saves resources and, in many cases, protects 

professionals from potential risks that could arise if they were learning in real environments.  

Practical examples include Volkswagen's Digital Reality Hub platform, made to provide 

a collaborative training environment in virtual and augmented reality for workers, with various 

training scenarios. Companies in automation, like Volkswagen, illustrate how immersive tools 

with digital twins can be beneficial in the context of worker training. 

Walmart and INVISTA are two other companies that have adopted technologies based 

on digital twins and VR for training and preparing their employees [17]. 

 

 

Figure 2.7 - Digital twins in VR [18] 

Thus, it becomes evident that this technology is already valued across multiple industries, 

and its potential in the context of professional training is taken seriously by various entities. It 



 14 

is a credible tool in teaching and training fields and it's particularly relevant when combined 

with VR or AR tools. 

 Virtual Reality 

After addressing digital twin technologies, it is now essential to provide context on what virtual 

reality is, the types of experiences available, and the applications of this technology. 

Virtual reality, sometimes also referred to as immersive computing technology, offers a unique 

way to interact with the virtual world. It is a technology that allows for an immersive experience 

in a world beyond our everyday reality. A representation of this concept can be seen in Figure 

2.8. 

Over the years, we have witnessed the continuous progression of these technologies, 

which have gained increasing prominence, currently being predominantly used to convey sen-

sations and experiences to our senses, particularly to our vision, touch, and hearing.  

 

 

Figure 2.8 - Virtual Reality [19] 

Typically, these immersion systems include at least one of the following technologies, a 

single large projection screen, multiple connected projection screens, stereo-capable monitors 

with desktop tracking or head-mounted displays (HMDs). It's also common to use headphones 

or a surround sound system to ensure auditory immersion. Various monitoring systems allow 

for the real-time calculation of the position and orientation of objects in relation to the user's 

perspective. The user's own movements can be tracked and transformed into interactions with 

the virtual world, often including handheld controllers that allow for the navigation and ma-

nipulation of virtual objects. It is also possible to incorporate sensations of vibration, wind, 

temperature, and pressure to make the experience even more immersive. 
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In essence, virtual reality provides a human experience, where the technologies involved 

take advantage of our senses to mimic how we interpret and experience the world around us. 

When well executed, virtual reality experiences can persuade users that they are physically in a 

virtual world. 

The term "Virtual Reality" first emerged in the 1960s with the publication of Ivan Suther-

land's "The Ultimate Display". In it, the author described a monitor capable of transmitting 

information not only visually but also through sound, smell, taste, and touch. Sutherland pro-

posed many technologies that did not yet exist in his time, including eye-tracking systems and 

dynamic 3D rendering. His work laid the foundation for subsequent developments over the 

decades. In Figure 2.9 we have a photo taken of the first ever virtual reality helmet, developed 

by Sutherland, "The Sword of Damocles". 

 

 

Figure 2.9 - The Sword of Damocles, the first virtual reality helmet [20] 

However, it was only in the 1990s that the technical capabilities to realize Sutherland's 

proposals began to emerge. New studies started to be published, supporting the viability of a 

future where virtual reality technologies would become a reality, this led to an increase in in-

terest in the use of virtual reality in industry. 

In 1999, Fred Brooks, a professor of computer science at the University of North Caro-

lina, published the study "What’s Real About Virtual Reality?" in which he described the key 

challenges for the development of virtual reality, concluding that virtual reality had finally ar-

rived and that it "barely works". 

Since then, this field of study has expanded considerably, with significant contributions 

from both the academic and industrial communities, bringing this technology to a point where 

it can be truly useful in various industries. Although technical challenges still exist, many of the 
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problems identified by Brooks have already been overcome, and today we have the computa-

tional resources necessary to truly benefit from these technologies [21]. With this context in 

mind, let us now explore the differences between the different types of virtual reality that exist. 

It is important to begin by distinguishing augmented reality from virtual reality. Both 

concepts are related, and both technologies aim to enrich or replace the physical environments 

around us. However, augmented reality focuses on adding virtual elements to the physical 

reality we experience, by combining the virtual world with the real world (a representation of 

this concept can be seen in Figure 2.10). Virtual reality, on the other hand, refers to the com-

plete replacement of the real world with the virtual world, creating a fully virtual and immersive 

experience. 

 

 

Figure 2.10 - Augmented Reality [22] 

Despite the conceptual difference between the two technologies, there is often some 

overlap in terms of functionalities and utilities. Much of what is discussed regarding virtual 

reality applications can be similarly applied to augmented reality. 

That said, there are three main types of virtual reality, non-immersive, semi-immersive, 

and fully immersive virtual reality. 

Non-immersive virtual reality refers to a computer-generated environment where the 

user can control activities without direct interaction with the environment. This type of virtual 

reality is commonly used in the daily life of an ordinary person, as it relies only on a computer 

or video game console to create the environment. Most of the video games that exist today 

are good examples of non-immersive virtual reality. 
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Semi-immersive virtual reality lies somewhere between non-immersive and fully im-

mersive virtual reality. It allows the user to experience the virtual environment directly, but 

without the ability to experience physical sensations. This type of virtual reality is common in 

learning and training contexts. 

Finally, fully immersive virtual reality corresponds to the most realistic experience pos-

sible, incorporating various forms of immersion. This includes, for example, special gloves for 

interacting with the environment, body detectors, and other special sensors beyond the more 

commonly used virtual reality HMDs (head mounted displays). This type of virtual reality is 

used for environments that require deeper immersion [23]. In the following figure, Figure 2.11, 

we see an example of this, with a person experiencing fully immersive VR, with various tools 

beyond just the VR headset. 

 

 

Figure 2.11 - Fully immersive VR [24] 

Virtual reality tools are currently used in various fields, such as engineering, sports, and 

healthcare. It is estimated that the market value for augmented reality and virtual reality will 

increase from $8.94 billion in 2020 to $80.80 billion by 2028 [25]. 

This technology is growing substantially today in various areas, but it stands out par-

ticularly in the field of education and training. According to a PwC survey in 2022, 51% of 

American companies are currently integrating or have already integrated virtual reality into at 

least one of their business lines. This data can be seen in Figure 2.12. Additionally, 34% of 

companies consider that one of the greatest advantages of integrating virtual reality technol-

ogies is the development of more efficient training methods.  
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Figure 2.12 - Graphical representation of the point at which American companies are, regarding the adoption of 

virtual reality technologies, according to a PwC study [26] 

The study also compared the performance of students who participated in a soft skills 

course in a classroom setting, with students who did the same but through e-learning and with 

v-learning (using virtual reality). Overall, students who learned using VR demonstrated better 

performance. Those trained with virtual reality learned up to four times faster (as seen in Figure 

2.13), showed greater confidence in applying their new knowledge, and demonstrated greater 

focus during the course [26].  

 

 

Figure 2.13 - Graphical representation of the time required to complete training according to a PwC study [26] 

Thus, it becomes evident that the topic of virtual reality will likely be a recurring one in 

the coming years, with the L&D industry being one of the areas where this will be the case, 
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whether in the context of simulations with digital twins, as discussed earlier, or even in the 

context of soft skills courses. 

 Chat Bots 

In addition to digital twins and virtual reality, it is equally essential to explore the concept of 

Chat Bots, understand the different types of Chat Bots that exist, analyse the potential appli-

cations of this technology, and reflect on how we have reached the current point, with tools 

like ChatGPT and Gemini (Figure 2.14) revolutionizing various aspects of our lives. 

 

 

Figure 2.14 - Google Bard (Gemini's ancestor) [27] 

A Chat Bot is a common artificial intelligence system. It is a computer program capable 

of interacting intelligently with humans, using voice or text, and it is often capable of under-

standing one or more human languages through natural language processing (NLP). It is a 

program designed to simulate conversations with human users.  

This concept began to gain popularity after Alan Turing proposed the Turing Test in 1950, 

which is a simple test to demonstrate whether a machine has human-like intelligence. 

The first Chat Bot, known as Eliza, was developed in 1966 using simple pattern recogni-

tion algorithms with responses based on predefined models (as can be seen in Figure 2.15). 

Over the years, more Chat Bots emerged, such as PARRY in 1972 and ALICE in 1995, the latter 

winning several awards. ALICE was the first Chat Bot to earn the title of "most human com-

puter", still functioning solely with simple pattern detection algorithms. 

As we entered the 21st century, the evolution of this technology accelerated even further. 

Chat Bots like SmarterChild, in 2001, began to be incorporated into messaging applications, 
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and later, virtual assistants such as Apple's SIRI, Microsoft's Cortana, Amazon's Alexa, and oth-

ers became common presences. 

 

 

Figure 2.15 - The first Chat Bot, Eliza [28] 

This constant growth, both in technological terms and in interest, can be visualized in 

Figure 2.16, which represents the increase in the number of articles and studies associated with 

the terms "chatbot", "conversation agent", and "conversation interface" according to Scopus, 

between 2000 and 2019. 
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Figure 2.16 - Articles and studies associated with the terms chatbot, conversation agent, and conversation inter-

face according to Scopus between 2000 and 2019 [29] 

However, we are currently experiencing a revolution in the field of Chat Bots, primarily 

marked by the emergence of tools like ChatGPT. These Chat Bots are based on generative 

artificial intelligence, a type of AI capable of generating text, images, videos, and other content 

in response to user requests, using a vast database. 

Chat Bots can be classified based on various parameters, such as the domain of 

knowledge, the types of services provided, the purpose, the method of generating responses, 

the level of human assistance involved, and the type of permissions offered by their develop-

ment platform. 

The classification by domain of knowledge refers to the types of data the Chat Bot can 

access and be trained on. An open-domain Chat Bot has access to a wide range of data and 

can address multiple topics, while a closed-domain Chat Bot is restricted to data that is related 

to one specific topic. 

The classification in terms of the services offered evaluates the emotional proximity that 

the Chat Bot maintains with the user. Interpersonal Chat Bots, although capable of having a 

personality and offering pleasant interactions, do not function as consistent companions. On 

the other hand, intrapersonal Chat Bots operate within the user’s personal domain, under-

standing them similarly to a human. 

The purpose of a Chat Bot can also be classified. Informational Chat Bots are used to 

provide information stored in a fixed source. Conversational Chat Bots are designed to interact 

with the user, responding to questions in a human-like and understandable manner. Finally, 
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task-based Chat Bots have the specific function of performing a particular task, with one ex-

ample of this type of Chat Bot being depicted in Figure 2.17. 

 

 

Figure 2.17 - Conversation with an airport's Task-Based Chat Bot [30] 

Regarding the methods involved in processing inputs and generating responses, there 

are three main categories in which a Chat Bot can be classified.  

Rule-based Chat Bots follow the architecture on which the vast majority of early Chat 

Bots were based. The responses given by the system are grounded in predefined rules. Lexical 

recognition methods are applied to the messages sent by the user, and based on this reading, 

a response is generated according to the established rules. The quality of this type of Chat Bot 

heavily depends on the robustness of its rule database, a solid rules database allows the Chat 

Bot to handle a wider variety of inputs. However, this type of Chat Bot tends to struggle with 

grammatical errors in user messages. 

Retrieval-based models are like rule-based models but offer greater flexibility as they 

can search and analyse external resources. Like rule-based models, they rely on a database to 

support their responses, but instead of being restricted to its rules, they also have access to 

external databases with multiple potential responses of various types. 
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Finally, generative models are based on machine learning and deep learning algo-

rithms, offering significantly superior quality, especially in terms of language and adaptability. 

They can respond based on previous inputs more easily than other models. 

Chat Bots can also be classified as human-aided if they involve at least one element of 

human intervention. The platforms on which they are developed can be classified as open-

source or closed-source, with open-source platforms allowing the Chat Bot designer to inter-

vene in most aspects of the implementation, unlike closed-source platforms where this is not 

possible. 

Naturally, it is often difficult to classify Chat Bots directly. However, these categories are 

generally relevant to any Chat Bot to some extent [29]. 

Chat Bot technologies have had various applications over time, some of which have 

already been mentioned. However, with the emergence of ChatGPT and other similar genera-

tive AI tools, the potential of these technologies has increased significantly. 

One area where generative artificial intelligence can be useful is in business, covering 

sectors such as marketing, sales, engineering, finance, human resources, among others. For 

example, a Chat Bot can provide customer service, serve as a virtual assistant to help customers 

resolve issues, manage the allocation of human resources within an organization, and generate 

ideas and advertisements for marketing (as seen in Figure 2.18). The applications of generative 

Chat Bots in business areas are vast. 

 

 

Figure 2.18 - AI generated advertisement images [31] 

Another area where generative Chat Bots have potential is in healthcare. Systems like 

ChatGPT can transform the healthcare industry in aspects related to patient interaction, clinical 

diagnostic support, telemedicine services, health education, and overall health promotion. 
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In content creation, this technology also has various uses. We have seen that in the 

marketing industry, generative artificial intelligence can create appealing and personalized ad-

vertisements for consumers. Additionally, we have observed significant changes, for example, 

in journalism, caused by the introduction of these technologies in news production, with robots 

like Quill and Xiaomingbot being examples of this. 

In artistic fields, there is also a noticeable impact, with the emergence of tools like 

ChatGPT, Stable Diffusion, and Midjourney, capable of generating art and assisting artists with 

ease (an example of this can be seen in Figure 2.19).  

 

 

Figure 2.19 - Artistic drawing generated by AI [32] 

In the video game industry, AI is already used to optimize game development and di-

versify creation possibilities. 

However, an area where such technologies also have significant potential, more related 

to the topic of this dissertation, is in education. Intelligent Chat Bots can be used as assistants 

in learning and teaching activities. They can help students with research, answer questions 

related to specific topics, assist with writing in different languages, and facilitate the learning 

process (Figure 2.20). For teachers, Chat Bots can aid in planning and creating teaching mate-

rials, such as quizzes, slides, and more. Additionally, they can be useful in reviewing and eval-

uating students' work, providing constructive feedback. 

Chat Bots of this type are valuable in creating educational content and can provide per-

sonalized learning experiences, enhancing student engagement with the material, which can 



 25 

improve the efficiency and effectiveness of education. By offering support, guidance, and feed-

back, intelligent Chat Bots can also be very helpful for self-directed learners in open education 

[33]. 

 

 

Figure 2.20 - Chat Bot being used as a learning tool [34] 

This wide range of possible uses has led many stakeholders to enter the market for 

these technologies. OpenAI, with its ChatGPT, has truly started this technological revolution 

and has since remained the most popular provider of generative artificial intelligence. However, 

competitors such as Google, Amazon, and DeepMind have been trying to gain relevance by 

enhancing their own Chat Bots, by making them more appealing to users, efficient, and secure. 

Currently, OpenAI offers various applications beyond the well-known Chat Bots, GPT-

3.5 and GPT-4.o. For example, there is Whisper, a voice interpreter capable of listening and 

transcribing what the user says (Speech-to-Text). Additionally, there is DALL-E 2, which can 

generate images on request. 

Any of these services can be used at the cost "tokens", and they can be integrated into 

various systems through specific APIs. 

However, there are also competitors like Google’s Gemini, which operates similarly to 

ChatGPT but processes data from public web sources and other Google applications, while 

ChatGPT processes data from a mix of its own training data and Bing search results. 

Google AI is one of the biggest competitors that OpenAI currently faces, also being a 

viable provider of AI APIs that can be used in various systems. 

There are also Task-Based generative AI tools, such as Microsoft’s BingChat and Ama-

zon’s Codewhisperer. BingChat, although versatile and capable of interacting directly with 



 26 

users, mainly focuses on assisting with searches, providing links, and collaborating with the 

Bing search engine. Codewhisperer, similarly, primarily concentrates on its role as an assistant 

for programmers [35], as is seen in Figure 2.21. 

 

 

Figure 2.21 - Codewhisperer [36] 

RASA is another example of a platform that offers Chat Bot and virtual assistant services, 

being an open-source option that allows for the development and training of personalized 

intelligent agents. It uses a combination of generative machine learning algorithms and rule-

based algorithms for its operation [37]. 

The emergence of these generative AI technologies represents one of the greatest 

technological disruptions in recent years. With the ability to communicate in a human-like, 

direct manner and with potential access to vast databases, generative Chat Bots have potential 

across various industries. However, in this dissertation, the area in which this technology will 

be explored is in education, more specifically, in the context of professional training. 

We have seen how digital twins and virtual reality technologies are used together to 

create training simulations, where students can learn effectively and efficiently while also avoid-

ing various risks. But with the advent of this technological revolution in artificial intelligence, it 

becomes possible to expand this concept to a more advanced level, allowing for the introduc-

tion of a virtual and intelligent assistant into the system. 
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 Game Engines 

There are several platforms that can be used to create virtual reality environments, and in this 

project, it is necessary to choose a platform that allows for the integration of the three main 

technological tools and concepts involved in this project, a digital replica, virtual reality, and 

the virtual assistant. 

One option is A-Frame, an open-source web program that facilitates the development 

of virtual reality experiences based on Three.js. This platform allows for the creation of 3D 

scenes and WebXR using HTML, making it a convenient tool for developing virtual reality en-

vironments on the web [38]. 

Another alternative is RobotStudio, developed by ABB, which is used for the simulation 

and programming of robots. Although it's mainly known for its offline programming and sim-

ulation functions for robots, it also has relevant virtual reality functionalities, providing a more 

immersive analysis of the 3D environment where robots are visualized. It also allows, for exam-

ple, for the use of hand tracking in virtual reality to define the movement of robotic arms [39]. 

In Figure 2.22 we can see what the Robotstudio environment looks like. 

 

 

Figure 2.22 - Robotstudio [40] 

NVIDIA's Omniverse is another tool used for creating virtual environments. This platform 

is well-suited for the collaborative development of 3D workflows and applications, excelling at 

simulating complex digital twins and at creating VR environments. For example, it was the tool 

chosen by BMW for creating the "world's first virtual factory", by utilizing digital twins and 

virtual reality technologies [41] (Figure 2.23). 
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Figure 2.23 - Virtual Factory in Omniverse [42] 

But one type of system that has been gaining relevance in the world of simulated virtual 

environments is definitely the game engine. Game engines are software development environ-

ments optimized for creating video games, that usually come with 3D and 2D graphics render-

ing engines, physical simulation tools, artificial intelligence tools, and more [43]. There are sev-

eral options, with Unity, Unreal Engine, and Godot being some of the most popular. 

Godot is a relatively recent game engine known for being easy to use, versatile, and 

open source. These characteristics have led to an increase in its popularity in recent years, but 

compared to the other options, it has a smaller community and fewer resources for creating 

complex 3D virtual environments [44]. 

Nonetheless, it is a game engine with growing influence not only in the video game 

development market but also in developing programs for professional contexts, gaining pop-

ularity, for example, in AEC (Architecture, Engineering, and Construction) industries [45]. 

Unreal Engine is also an open-source game engine, but unlike Godot, it has a stronger 

established reputation. Founded in 1995, it stands out for its robustness in all aspects, featuring 

the most realistic and detailed 3D rendering system of the three, making it especially popular 

in high-budget game development [46]. Additionally, it is frequently used for developing pro-

fessional applications beyond video games. We can see an example of an Unreal Engine 3D 

environment in Figure 2.24. 
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Figure 2.24 - Robotic models in an Unreal Engine environment [47] 

Unreal Engine, for example, is used for the development of flight simulation systems 

for pilot training by Lockheed Martin [48]. It's a widely used game engine for creating virtual 

environments across multiple contexts, including digital twin simulations, offering various tools 

for that purpose. 

Unity is also recognized as a game engine that provides a wide range of tools. Unlike 

Unreal Engine, it is more commonly used in the production of indie video games due to its 

accessibility, ease of use, and graphical capabilities, which, while not as advanced as those of 

Unreal Engine, meet the needs of this category of games. However, among all game engines, 

Unity stands out particularly due to its abundance of online resources available, many of which 

are free, and exist because of Unity's extensive community. This prominence is evident in Figure 

2.25, which shows the popularity of Unity among British video game developers in 2019. 

 



 30 

 

Figure 2.25 - Most used game engines in the United Kingdom by game developers in 2019 [49] 

Unity, like Unreal Engine, is widely used in professional environments, including in the 

field of simulation systems, digital twins, and virtual reality [46]. In 2021, Unity was proposed 

as a platform for developing a digital twin simulation system for automated vehicles during an 

international conference on digital twins and parallel intelligence [50]. Additionally, there is the 

case of the industrial simulation company, Realvirtual.io, which recently chose Unity as a de-

velopment platform, recognizing its potential to challenge traditional industrial simulation 

tools. An example of a robot being represented inside a Unity virtual environment can be seen 

in the following, Figure 2.26. 
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Figure 2.26 - Robotic arm in a Unity environment [51] 

According to Thomas Strigl from Realvirtual.io, significant changes are being observed 

in the field of industrial simulation. Platforms such as Unity, Unreal Engine, and Omniverse are 

gaining increasing relevance in this sector, standing out for their potential to challenge con-

ventional simulation and industrial engineering solutions from companies like Siemens and 

Dassault. All three systems have the capability to easily import CAD data and can be integrated 

with a wide variety of systems. Realvirtual.io's investment in Unity services responds to an 

emerging trend of adopting Unity that is seen in various industries, such as engineering and 

architecture. This preference is primarily due to Unity's aforementioned features, such as the 

extensive range of available resources, ease of use, and compatibility with multiple platforms 

[52]. In Figure 2.27 we see an example of a robot visualised within Realvirtual.io's Unity frame-

work.  
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Figure 2.27 -  Example of a Realvirtual.io robot visualized in a Unity 3D scene [53] 

 

2.4 Related Works 

Having analysed the main technologies necessary for this project and studied their value 

in a general and modern context, especially regarding their applications in teaching and train-

ing areas, this chapter will conclude with a broader overview of a few works related to this 

subject that already exist. This overview will analyse how these works highlight trends in the 

industry and academy, and expose a shared knowledge gap that this dissertation aims to ad-

dress. 

 

 Industrial Trends 

In section 2.1, we examined the current state of the Learning and Development (L&D) 

industry, emphasizing the importance of discovering new methods, techniques, and paradigms 

for professional education. We saw how the rising costs of training, alongside new technolog-

ical learning tools and the need for teaching methods centered around efficiency and results, 

have underscored this necessity. 

We also analysed the broader context of the incoming transition from Industry 4.0 to the 

emerging Industry 5.0. A shift that emphasizes human-machine collaboration, focusing on aug-

menting rather than replacing human capabilities. A transition that gives credence not only to 

the concept proposed in this document but also to related systems and ideas. 
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Having this context in mind, the actions from companies like Volkswagen become un-

surprising. 

Volkswagen's Digital Reality Hub serves as an excellent example of how major corpora-

tions are now utilizing these technologies for learning and collaboration. This platform, intro-

duced at the Digility conference in Cologne, in 2017 [54], is a cloud-based environment that 

facilitates global collaboration in training, meetings, and prototyping without requiring physi-

cal materials or travel [55] (Figure 2.28).  

 

 

Figure 2.28 - Volkswagen's Digital Reality Hub [56] 

Walmart has also embraced VR-based solutions for its L&D sector. Faced with the chal-

lenge of training its 1.5 million workers, the company transitioned from traditional methods, 

such as lectures and quizzes, to a VR-based pilot program. This program has led to a 10-15% 

improvement in test scores and to a general increase in worker confidence, showcasing the 

effectiveness of VR for large-scale training initiatives [57]. 

Many companies are following similar paths. For example, ArborXR is a company that 

focuses on providing XR (VR and AR) services to other companies. It provides its services to 

UPS, a logistics company, through a VR based training system for drivers, which has led to a 

training time reduction of 75%. All of this without even reducing the effectiveness of drivers, 

who demonstrate equal, if not better competency than those who have underwent traditional 

training methods.  

Delta Airlines is another company that has incorporated a VR based simulation system 

into its L&D program. The system was developed by a partnership between ArborXR and 
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Futurus, and ever since the implementation of this system, Delta Airlines has saved millions of 

dollars annually from minimizing the use of aircraft de-icing fluid during training, from elimi-

nating travel expenses for trainers and technicians and from a diminished amount of fuel con-

sumed by training aircraft. It's a system that puts technicians in a realistic virtual environment 

to practice de-icing procedures on virtual aircraft, allowing for the training of technicians year-

round, more frequently and with less costs. 

Companies like Pfizer, Bank of America, and MDA Space have also integrated ArborXR’s 

VR systems into their L&D programs with great success [58]. 

These examples align with the trends we've discussed earlier in section 2.3.2. They align 

with the fact that VR has emerged as a key tool for corporate learning. This trend, which began 

gaining momentum in the 2010s, was further accelerated by the COVID-19 pandemic, which 

demonstrated the value of remote learning and working environments [59]. In Figure 2.29 we 

can see how much VR's market size is predicted to increase. 

 

 

Figure 2.29 - Predicted increase in VR's market size [60] 

Digital Twin technology naturally complements these VR trends, as one of the key char-

acteristics of VR learning environments is the simulation of real-world systems or tools. Digital 

Twins, as the most accurate virtual replicas of physical systems, are particularly useful when 

high levels of realism are required. 

However, one technology not yet mentioned in these examples is generative AI. While 

VR and Digital Twin tools have already been incorporated into various L&D programs in the 

past decade, generative AI, especially in the form of advanced NLP models, is a more recent 

innovation, only gaining widespread popularity in the last few years. 



 35 

That said, generative NLP models are beginning to make their way into L&D solutions. 

For instance, Starbucks has introduced a Chat Bot to engage staff in quick training sessions via 

text, and Volvo uses a Chat Bot to help technicians gain hands-on repair knowledge through 

conversational simulations. Accenture and Unilever have also employed Chat Bots to address 

employee questions. However, these examples are relatively simple and do not yet integrate 

VR or Digital Twin technology [61]. 

 

 Academic Research 

At the academic and scientific levels, though, there are a few research papers that de-

scribe the combination of VR with AI-powered Chat Bot assistants in a learning context. 

One notable example is the system described in a study called "VR Job Interview Simu-

lator: Where Virtual Reality Meets Artificial Intelligence for Education", which provides users 

with a VR environment where they can simulate job interviews with an AI bot acting as the 

interviewer. The system even analyses stress levels based on the user’s heart rate and skin 

conductance [62]. 

Another example is the system explained in the study "The Rise of the AI Scientist: Un-

leashing the Potential of Chat-GPT Powered Avatars in Virtual Reality Digital-twin Laborato-

ries". This study stands out particularly, because it showcases the use of VR, Digital Twin and 

Chat Bot technologies all within the same system. This system allows users to learn and collab-

orate inside the digital twin of a real laboratory (Figure 2.30), where AI-powered assistants help 

with various tasks[63]. 

 

 

Figure 2.30 - Digital twin of a real laboratory [63] 

The study "Exploring the Role of Artificial Intelligence for Augmentation of Adaptable 

Sustainable Education" [64] gives a general overview of the role that generative AI might play 

in the world of Education, emphasizing it's potential as a tool for supporting personalized 

learning, adaptive learning methods, and its ability to provide the learner with real-time 
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feedback, being able to point out mistakes, suggesting alternative approaches and offering 

particular explanations when a learner struggles with a particular concept. 

This potential is also reenforced by the study "Next-Generation Education: The Impact of 

Generative AI on Learning" [65], which not only, once again, reenforces the role of generative 

AI in the context of personalized learning, but it also specifically covers the potential ad-

vantages of autonomous AI assistants for teaching, and within virtual environments. According 

to this study, "Generative AI will play a crucial role in creating immersive virtual learning envi-

ronments that enable students to interact with educational content, simulations, and virtual 

tutors in a more engaging and interactive manner". 

In comparison, the idea of utilizing VR systems as educative tools, is much more well 

established, as can be asserted from the analysis made in chapter 7 of the book "The Potentials 

and Trends of Virtual Reality in Education" [66], which reenforces the trends described in chap-

ter 2.3.2 of this document with the graph shown in Figure 2.31. The graph depicts an exponen-

tial increase in publications related to virtual reality in education, between 1995 and 2016, 

showing how there were already hundreds of papers on this subject almost 10 years before 

the writing of this dissertation.  

 

 

Figure 2.31 - The growth in publications about virtual reality in education from 1995–2016 

The potential applications of Digital Twins in education are also not a new concept, with 

studies like "Automation in Education with Digital Twins: Trends and Issues" stating that it's a 

technology that is already applied in E-Learning and distance education contexts. The value 

that Digital Twin technologies bring to students, especially in technical courses where the sys-

tems are complex and hands-on training on these systems is important, is also reenforced in 

the paper "Applications of Digital Twin across Industries: A Review" [67]. 
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 Key Takeaways 

From these examples, several conclusions can be drawn. VR and Digital Twin technolo-

gies have already secured their place as valuable tools for L&D. This is clear from the numerous 

already existing examples proving their effectiveness and utility in various educational contexts, 

as well as the large number of already existing academic papers on this subject.  

However, the introduction of AI Chat Bots into this space, particularly in combination 

with VR and Digital Twins, is still in its early stages. The concept isn't new, but there aren't as 

many examples of its efficacy. 

This lack of case studies on the integration of AI Chat Bots in VR and Digital Twin based 

educational systems is what represents the main knowledge gap that this dissertation aims to 

address. The goal of this project is to explore the concept of creating learning tools that not 

only leverage immersive VR technologies and realistic virtual replicas, but also incorporate the 

latest generative AI technologies, particularly in the form of Chat Bots acting as instructors or 

assistants in training.  
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3  

 

DEVELOPMENT 

Now that we have reviewed the state of the art for the technologies and concepts involved, 

analysing each tool, its general purpose, and its potential applications within the context of 

this dissertation project, we can proceed to examine the development process of the system. 

In this chapter, we will explore how the three main technological tools of the system were 

integrated into Unity. We will also explore the system's architecture, its various components, 

how they interact, and the rationale behind their development choices. 

 

3.1 System Architecture 

As mentioned earlier, this project serves as a proof of concept for a VR-based teaching 

tool, with its standout features being the integration of a digital replica and, most notably, an 

AI Chat Bot assistant. With the digital replica emulating the role of a digital twin, of providing 

a precise, virtual representation of an industrial robot, while the AI Chat Bot acts as a teaching 

assistant, enhancing the learning experience.  

The system was developed as a Unity application, requiring a computer and VR tools, 

which in this case, for the development and testing process, were Meta Quest 3's VR tools. 

Unity was selected as the primary development platform for this system primarily due to 

its free access and ease of use. Unity is also a widely adopted tool with an extensive, supportive 

community and numerous external resources, which can be easily integrated. 

Unity applications are built within one or more scenes, which serve as the primary virtual 

assets where systems are developed. Typically, various scenes are created, each containing a 

distinct and significant part of the application's architecture. 
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For this system, three scenes were developed, the Main Menu scene. the Free Tutorial 

scene, and the Controlled Tutorial scene. The Main Menu scene functions as the starting point 

of the application and as the central hub from where users can select their preferred training 

mode. The two tutorial scenes offer different simulation environments, one provides users with 

complete freedom to train as they wish, while the other guides users through a sequence of 

pre-designed tutorial steps. 

 

 Main Requirements 

Before delving deeper into the development process of this project, it’s important to re-

emphasize its main requirements and goals. 

The primary objective is to create a proof of concept for a VR learning application, utiliz-

ing, as mentioned earlier, a digital replica of a robot (emulating a digital twin), and AI in the 

form of an AI assistant. Our aim is to demonstrate the feasibility of using these technologies 

together to enhance the learning process. The key requirements are: 

 

o The system must feature some sort of digital replica of a manufacturing robot, control-

lable by the user within the virtual environment using realistic controls. 

o It must provide an immersive environment that the user can experience in VR. 

o The AI assistant must be accessible throughout the learning experience and capable of 

providing meaningful feedback. 

o The application must be capable of teaching the user. 

 

More specifically, the system should also have an intuitive starting menu serving as a 

user-friendly interface from where the user can decide what to do inside the application. It 

should be the initial environment the user enters upon launching the application. From there, 

the user gets presented with two options, Guided Robot Tutorial and Free Robot Tutorial. This 

first interface should then serve as a central hub for navigating the application’s features, that 

the user can experience in VR.  

The main menu should also provide the user with enough context and information for 

them to be able to understand the basic simulation controls (that the user will need to be 

aware of before they enter the actual simulation). The main simulated environments, Guided 

Robot Tutorial and Free Robot Tutorial, should then be accessible from the initial main menu.  
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Both simulated modes can share the same key features, both could share the same 3D 

environment, the same robot and the same user control setup. They don't need to be signifi-

cantly different. The only real difference between these modes must simply be the type of 

learning experience that they provide to the user. 

The Guided Robot Tutorial will provide the user with a more restricted and controlled 

experience. The user will be guided by the system through sequence of steps they must com-

plete. Ideally the user receives frequent feedback through the system's text-to-speech (TTS) 

functionalities, on what task they must complete and on whether they have completed said 

task. This means the system in this simulated mode will have to analyse closely the user's ac-

tions, so that it can determine when the user has completed the required task, and when the 

user requires assistance, 

The Free Robot Tutorial on the other hand won't offer the user any guidance, the user 

will be free to train however they please, they won't be under any kind of restriction, and they 

won't have to complete any specific task. 

Both modes must allow the user to communicate with the AI assistant with ease, with the 

AI assistant being able to give useful tips to the user when asked. In the case of the Guided 

Robot Tutorial, the AI assistant should also be aware of the user's progression within its se-

quence of tasks (or steps). 

The AI assistant will must be able to communicate with the user through voice, meaning 

that speech-to-text (STT) methods will be used to interpret what the user says, and then TTS 

tools will be used to provide the user with a verbal response from the Assistant. Due to the 

characteristics of the STT system used, it's expected that the user will need the means to choose 

which microphone to use, and the time window size during which the STT system will be able 

to record the user's inputs. 

The robot control system must be realistic, it must have functionalities similar to real 

robot control systems, based on real controller frameworks. It should also, if possible, emulate 

the feeling of holding a real handheld controller. 

In the following subchapters, the focus will be on explaining the general organization 

and architecture of the application, as well as how the integration of the mentioned technolo-

gies was accomplished. 
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 General Simulation Architecture 

Now that a broad overview of the system's requirements has been provided, the next 

step is to analyse in detail how the system functions, and how its components interact with 

each other. The focus will be on the Unity scenes dedicated to the simulated training environ-

ments, as they are the most critical for demonstrating the proof of concept. It is within these 

simulation scenes that both the AI assistant and the digital replica of the robot are present. 

To effectively study the architecture of the system while maintaining a reasonable level 

of detail, a UML-based diagram was created. This diagram represents the key blocks of the 

system, their components, and how they interact with one another. The complete UML diagram 

is shown in Figure 3.1 below. 
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Figure 3.1 - General System Architecture 

This system is divided into the following six main blocks, each containing various scripts 

and components: 
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o Main Manager Block: This block contains the main manager script and two other scripts 

that work closely with it. The main manager script of this system is the Tutorial_Manager 

(highlighted in yellow in the diagram). As the name suggests, its purpose is to serve as 

a central manager that helps all the blocks and components of the system work to-

gether. 

o AI Block: This refers to the API scripts responsible for AI services in the system. It con-

tains the APIs required for the integration of ChatGPT, Whisper and AWS's TTS (which 

will be analysed in more detail in section 3.4). 

o Scene Block: This block includes the scripts and game objects that define and control 

the 3D room in which the simulation takes place. 

o XR Block: This contains components related to the integrated VR tools of the system, 

including the XR device simulator, each hand controller, and the main camera compo-

nent. 

o Hand Controller Block: This block includes the scripts and corresponding UI compo-

nents for managing the user's robot control system, and it maintains a composition 

relationship with the LeftHandController since it's integrated into it. 

o Realvirtual.io Block: This block refers to the digital robot and its main controller script. 

It contains all the components related to Realvirtual.io's framework, which is responsi-

ble for handling the digital replica and defining its functions (further analysis on it will 

be conducted in section 3.2). 

 

Most relationships in this UML diagram are associations because scripts within the sys-

tem typically utilize functions from one another, and they do so regularly. In cases where there's 

a nearly equal, mutual exchange of data or use of methods from both sides, the relationship is 

a bidirectional association. This is the case between the Robot and the Controller, between the 

ItemManager and the Controller, and between the AI scripts and the external AI services they 

communicate with. 

In the following subchapters, each of these blocks will be explained in more detail, with 

additional context and close-up images of their respective interactions in the diagram. 
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3.1.2.1 Main Manager Block 

As mentioned earlier, the Main Manager block (Figure 3.2) refers to the Tutorial_Manager 

script and its key satellite scripts. 

 

 

Figure 3.2 - Main Manager Block 

The Tutorial_Manager script is responsible for assigning key binds to the main VR simu-

lation controller actions. For example, the user communicates with the AI assistant by pressing 

"Y," skips instructions by pressing "A," silences the AI voice with "X," returns to the starting 

menu with "B," and toggles the hand controller with the left grip button. These key bindings 

are all defined in the Tutorial_Manager. 

In addition, this script utilizes the AI APIs to provide the user with a dynamic AI Interaction 

experience, handling STT recording, when messages are sent to GPT-3.5 and when TTS Is used.  

In general, it acts as a middleman to connect the user with the various functionalities of 

the simulation scene. 

However, the most complex role of this block is managing the guided tutorial sequence 

for the simulation's guided tutorial mode.  

Since the primary objective of this project is to create a learning tool, it was essential to 

determine the type of learning experience to implement within the system. With the ability to 

communicate with users through an AI voice, the system offers the flexibility to provide both 
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a free, open learning experience and a more structured, guided learning experience. This led 

to the development of the two distinct learning modes, which were previously described. 

 

The free learning mode is straightforward, giving the user complete control over the 

simulation. In this mode, the AI assistant only offers help when explicitly requested by the user. 

However, the guided mode is more complex, as it required the development of a structured 

learning plan, broken down into steps. 

The primary goal of this learning plan was to gradually familiarize the user with the robot 

controls, progressing from the simplest functions to the more advanced ones. With this in 

mind, the following nine steps were defined for the guided tutorial: 

 

o STEP 1: Learn how to move the robot with the twelve joint movement buttons. 

o STEP 2: Learn how to change the robot's speed mode. 

o STEP 3: Learn how to pick up and drop objects with the robot's gripper. 

o STEP 4: Learn how to return the object to its original base. 

o STEP 5: Learn how to save and delete robot positions. 

o STEP 6: Learn how to change saved robot positions and how to move the robot 

to saved positions. 

o STEP 7: Learn how to make a sequence of saved positions. 

o STEP 8: Learn how to move the robot forward and backward In the sequence, step 

by step. 

o STEP 9: Learn how to test a whole sequence with the Test Start button. 

 

This guided tutorial is a coroutine function that is divided into these steps, with each step 

requiring certain conditions to be met before progressing. Coroutines are a special type of 

function that can be paused using a "yield" statement, which prevents the routine from ad-

vancing until a specific condition is fulfilled. The beginning of this function can be seen in 

Figure 3.3. 

Understanding how coroutines work helps explain the structure of the guided tutorial 

and the significance of the TutorialCheckFunctions script. Each step in the tutorial is separated 

by yield statements, which act as checkpoints that depend on the conditions defined in the 

TutorialCheckFunctions script. This script is crucial for checking whether the user has com-

pleted the necessary steps to progress through the tutorial. It does so by retrieving information 

from both the scene block and the hand controller block.  
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Figure 3.3 - Snipet of code from the TutorialSequence coroutine function 

The TutorialSequence coroutine relies on various system components, including the con-

stant use of text-to-speech (TTS), of scene block components, and of TutorialCheckFunctions' 

methods to verify when the user is ready to move to the next step. Additionally, it updates the 

AI assistant of what the current step is, every time the user advances in the tutorial. 

Another critical script used in the tutorial sequence is the PauseManager. It manages the 

pausing of the simulation that happens while tutorial instructions are being delivered to the 

user. At the start of each new step, the simulation is paused, and a notice appears in front of 

the user with the message "Instructions" and "Press A to skip" (which can be seen in Figure 

3.4). During this time, TTS is used to explain the objectives of the next tutorial step. The meth-

ods in the PauseManager script control these pauses and also handle the enabling and disa-

bling of buttons on the hand controller. 
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Figure 3.4 - Pause screen during instruction delivery in guided mode 

The tutorial begins with simple commands, gradually introducing more complex tasks. 

To help users stay focused, unnecessary buttons are disabled during the early steps. For in-

stance, at the beginning of the training sequence, all buttons except for the joint control but-

tons are disabled (Figure 3.5). As the tutorial progresses, more buttons are enabled, allowing 

the user to access all available robot controls by the end of the tutorial. 

 

 

Figure 3.5 - Disabled buttons on the handheld controller in guided mode 

The general interactions within the guided tutorial can be illustrated using a UML se-

quence diagram. Figure 3.6 provides a simplified representation of the key processes that occur 

during the first three steps of the guided tutorial. For the sake of clarity, not every procedure 

is included in this diagram. Instead, only the most relevant interactions are depicted, offering 
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a general overview of how the guided tutorial is structured and the types of interactions it 

involves. 
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Figure 3.6 - Sequence diagram representing part of the guided tutorial's progression 
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From analysing the diagram, it becomes evident how crucial the PauseManager, Tutori-

alCheckFunctions, and TTSManager scripts are to the system. The TTSManager's Speak and 

StopAudio methods are frequently invoked to either provide new instructions to the user or to 

notify them of when a task has been completed. The PauseManager's functions are Invoked, 

whether to pause or resume the simulation when new instructions are told, or to disable or 

enable buttons from the handheld robot controller. And the TutorialCheckFunctions script is 

called at the end of each step to verify that the user has successfully completed the required 

tasks before progressing to the next step. 

Overall, the Main Manager block defines the user's controls within the scene, coordinates 

them with other scene components, and defines the tutorial sequence for the guided tutorial 

mode. This makes it one of the most Important blocks in the system. 

 

3.1.2.2 AI Block 

The AI block (Figure 3.7) is composed of three key scripts, TTSManager, GPT_Manager, 

and Whisper, each responsible for integrating external AI services into the system. TTSManager 

connects with AWS's text-to-speech service, with the necessary AWS credentials embedded 

directly in the script. On the other hand, both GPT_Manager and Whisper rely on OpenAI's 

services, both requiring the same OpenAI credentials, though these are stored in a separate 

file on the computer rather than within the API scripts themselves. 
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Figure 3.7 - AI Block 

These scripts' functions play a crucial role in the system, frequently being called by the 

Main Manager block.  

GPT_Manager's SendReply function is responsible for sending a user message to the AI 

model and receiving a response, TTSManager's Speak function converts written text into spo-

ken audio and the Whisper script handles audio detection and its conversion into text through 

its StartRecording and EndRecording functions. 

Each of these scripts maintains a bidirectional relationship with their respective external 

services, as they rely on continuous communication with them. Although all three scripts are 

extensively used by the Tutorial_Manager script, Whisper, unlike the other two, also interacts 

with other system components. 

For instance, Whisper needs to know for how long it's meant to record the user's audio 

before starting its audio to text conversion process, information that is provided through the 

user’s interaction with the scene. The user selects the desired recording duration, ranging from 

5 to 20 seconds, via a dropdown UI menu. Additionally, the system must determine which 

microphone to use, another choice the user makes through an interface element. As a result, 

the Whisper script is associated with the TimeSelectionDropDownManager script, which 
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handles the time selection logic, and with the drop-down selection interface that manages 

which microphone will be used (Figure 3.8). 

 

 

Figure 3.8 - Microphone selection 

 

3.1.2.3 Scene Block 

The Scene block (Figure 3.9) includes all the primary 3D and UI game objects related to 

the virtual environment, such as the floor, walls, and various interactive UI components from 

the virtual room. 

 

 

Figure 3.9 - Scene Block 

One key script, TimeSelectDropDownManager, manages the dropdown selector that de-

termines the recording duration for the STT (Speech-to-Text) functionality (as seen in Figure 
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3.10). This script is used by both the Tutorial_Manager and Whisper scripts, which work in tan-

dem to control the recording process. 

 

 

Figure 3.10 - Recording time selection 

Another important script, ObjectUIManager, oversees the interaction between the user 

and the UI screen that allows them to move a cube between different bases in the virtual en-

vironment. It manages the relationships between the cube, the three bases, and the screen 

interface, ensuring the user can easily shift the cube’s position through an interactable UI 

screen, next to the robot's platform, as seen in Figure 3.11. 

 

 

Figure 3.11 - Cube repositioning screen 

ObjectAreaCheck contains the logic responsible for detecting when the pickable cube is 

placed on any of the bases. It signals whether or not the cube is present at a particular base, 

and this information is frequently used by the TutorialCheckFunctions script, as many of the 

tutorial steps depend on the cube being positioned at or moving between specific bases. 
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Together, these scripts interact with the 3D and UI components of the virtual scene, 

providing information to the Main Manager bloc and allowing the user to engage with the 

system through the scene’s interface. 

 

3.1.2.4 XR Block 

The XR bloc (Figure 3.12) refers to the system components responsible for the VR func-

tionality. These components were imported from an official Unity source and have remained 

mostly unmodified since their integration. 

 

 

Figure 3.12 - XR Block 

One key component of this bloc is the XR Device Simulator, which provides a framework 

for testing VR controls without the need for actual VR equipment. This feature was especially 

useful during the early stages of development, although it was disabled for the final product. 

The RightHandController and LeftHandController are also part of this block, as they rep-

resent the VR hands that the user sees and interacts with inside the system (visible in Figure 

3.13). These components define the VR functionalities for the hand controllers. The LeftHand-

Controller is particularly notable because the entire Hand Controller bloc was assigned to it, as 

reflected by its composition relationship. This setup ensures that the hand controller feels like 

a natural extension of the user's hand within the virtual environment. 
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Figure 3.13 - User's hands inside the virtual environment 

Finally, the XR block includes the main camera, which, as the name suggests, represents 

the player's field of view. 

The Main Manager block interacts with the XR block by utilizing its features to map VR 

controls to relevant system functions. 

 

3.1.2.5 Hand Controller Block 

The hand controller block refers to the scripts and system components that are closely 

connected to the robot's virtual controller, allowing the user to control the robot.  

Deciding on which robot control types to train users on was a key part of this project. 

Most robot control systems include methods for moving individual joints, saving robot posi-

tions, and moving the robot along those positions, among other features. These controls are 

closely linked to how the robot is programmed, and the methods can vary depending on the 

controller's framework. This means that it was important to study about some of the robot 

control frameworks that exist, in order to have some idea about which framework(s) the simu-

lated control system would be based around. 

One of the frameworks studied was ABB's, which involves the FlexPendant controller (Fig-

ure 3.14) and Robotstudio software. The FlexPendant is a controller with a screen on its left 

side and several buttons, along with an analog stick, on the right. With the FlexPendant, users 

can move the robot in three modes: 
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• Linear mode: Controls the robot’s end-effector position along X, Y, and Z coordinates, 

with the robot's base as the center. 

• Axis mode: Controls the individual joints of the robot. 

• Reorient mode: Adjusts the robot's orientation without changing the end-effector’s po-

sition. 

 

 

Figure 3.14 - FlexPendant [68] 

The FlexPendant also allows users to save robot positions, adjust movement speeds, and 

more. These saved positions can be transferred to a computer, where they can be used to 

program the robot in Robotstudio using RAPID, ABB’s programming language, as illustrated in 

Figure 3.15. 

 

 

Figure 3.15 - Coding in RAPID within Robotstudio [69] 

However, this framework presented challenges for the project. The FlexPendant relies 

heavily on its analog stick for moving the robot in different modes. During the early stages of 
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development, no analog stick was available to simulate these controls. Although both the right 

and left VR controllers have analog sticks, access to them came later in the project. This made 

it impractical to base the simulated robot controls around an analog stick, like the FlexPendant. 

Another drawback of the ABB framework is its reliance on RobotStudio for programming 

and testing. Reproducing Robotstudio and RAPID programming in a Unity-based VR environ-

ment would be difficult, especially since it would involve simulating a computer with a key-

board.  

Because of these challenges, an alternative framework based on Yaskawa's robot con-

trollers was explored, which turned out to be a better fit for the simulated control system. In 

Figure 3.16 we see one of these controllers, DX200. 

 

 

Figure 3.16 - Yaskawa controller DX200 [70] 

Yaskawa's controllers have similar functionalities to the FlexPendant. They allow robot 

movement control in different modes, such as individual joint control or movement along x, y, 

z coordinates. They also allow for saving robot positions and exporting data. What made this 

framework stand out, however, was the fact that movement controls are assigned to buttons, 

making it easier to develop in this project. Yaskawa controllers also allow for basic robot pro-

gramming without the need for external software. 

It's worth noting that the FlexPendant also allows for simple logic programming, and that 

Yaskawa controllers still require external software (like MotoSim) for more complex tasks. How-

ever, Yaskawa’s basic programming methods seemed more intuitive and adaptable to this sim-

ulation. 
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As a result, the final controller design was based mostly on Yaskawa's framework, specif-

ically controllers like the DX200 and YRC1000. The physical shape of the controller, though, is 

more similar to the FlexPendant, with a screen on the left and buttons on the right. 

Since there was no real robot controller available as a digital twin, the controller ended 

up being represented as a virtual projection (Figure 3.17), which can be toggled on and off on 

the user's left hand to simulate the holding of a real handheld controller.  

 

 

Figure 3.17 - Virtual handheld robot controller (editor view) 

The controller in the training simulation ended up being a mix between Yaskawa’s frame-

work and the FlexPendant’s design.  

The simulated controller allows for individual joint control with twelve buttons, based on 

Yaskawa’s SLURBT framework (Figure 3.18). This nomenclature refers to the six typical axes of 

joint movement in industrial robots [71]: 

 

o S: Swivel base 

o L: Lower arm 

o U: Upper arm 

o R: Arm roll 

o B: Wrist bend 

o T: Tool flange 

 



 60 

 

Figure 3.18 - SLURBT [71] 

In addition to these 12 buttons, there are also buttons for changing the robot's speed 

(FAST and SLOW), and another button for picking up or dropping objects. 

The position-saving system works similarly to a Yaskawa controller. Users can save the 

robot’s current position with a button press, and saved positions appear as a list on the left 

screen of the controller. Each entry shows the joint values, the gripper state (whether it is hold-

ing an object or not), and the speed mode at the time of saving. Users can navigate through 

the list with two arrow buttons, and there are buttons assigned for the insertion, deletion, or 

changing of positions. 

Inspired by Yaskawa’s controllers, the simulation also includes forward (FWD) and back-

ward (BWD) buttons, which allow the user to move the robot step by step along saved posi-

tions, a useful feature for reviewing a movement sequence. The Move button moves the robot 

to a selected position, and the Test Start button allows users to test an entire sequence of 

positions. 

This controller lets users move the robot, pick up objects, and program basic movement 

sequences. However, compared to real controllers like the FlexPendant or Yaskawa’s control-

lers, this virtual version is very simplified. Features such as manually editing saved positions, 

saving/uploading movement sequences, or copying/pasting positions are not available. Addi-

tionally, coordinate-based movement is not included, mainly because this would require in-

verse kinematics calculations, which are complex and would require more advanced tools, 
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which exist in more expensive Realvirtual.io Unity packages, but not in the starter kit used for 

this project. 

Despite these limitations, the simulated control system still provides enough functional-

ity and realism to demonstrate the project’s key concepts. 

Now that we’ve reviewed the reasoning behind the hand controller’s design and frame-

work, it becomes easier to understand how it integrates into the system's architecture as the 

Hand Controller block (Figure 3.19). This block includes the controller's UI components and 

two scripts.  

 

 

Figure 3.19 - Hand Controller Block 

The ItemManager is the main manager for the entire handheld robot controller system. 

It contains a dynamic list of items for storing robot positions, and its functions are focused on 

managing the controller’s UI and facilitating communication between the controller and the 

main Realvirtual.io robot control script. The ItemManager maintains a bidirectional relationship 

with the robot’s main controller (the Controller script), representing the constant trade in data 

and instructions that is established between the two. The ItemManager is also connected to 

the TutorialCheckFunctions script, which relies on its data for some of its conditional methods. 
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The second script, UIHandMenuToggler, manages the toggling of the Hand Controller’s UI 

menu. It is linked to the Tutorial_Manager, which assigns this script's methods to be triggered 

when the user presses the left VR controller's grip button. 

 

3.1.2.6 Realvirtual.io Block 

The Realvirtual.io block (Figure 3.20) refers to the components that directly relate to the 

system’s digital replica and its functions. 

 

 

Figure 3.20 - Realvirtual.io Block 

Realvirtual.io is the company behind the robot control framework used in this project. It 

was already previously mentioned in the state-of-the-art chapters and will be discussed in fur-

ther detail in a dedicated section. 

As noted earlier, during the development process, there was no actual digital twin avail-

able to work with. Instead, a digital replica of a manufacturing robot from Realvirtual.io’s pack-

age was used to emulate the role that would be fulfilled by a digital twin in a more complete 

system. 

This block includes the Controller script and the digital robot. The Controller script acts 

as a PLC (Programmable Logic Controller) for the robot's logic. This script defines the various 
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adjustable settings and possible movements of the robot, and its functions are primarily called 

by the ItemManager script, as explained earlier. 

Because the Controller script frequently sends information to and receives instructions 

from the ItemManager, it maintains a bidirectional association with it. In addition to this, the 

Controller script also has a bidirectional relationship with the digital robot itself, as it controls 

its movements and receives valuable data from it via Realvirtual.io's methods and signals. 

The specific methods and signals used within the Realvirtual.io framework will be discussed in 

greater detail in chapter 3.2. 

 

3.2 Realvirtual.io Framework 

To demonstrate the concept of an immersive VR learning experience dedicated to teach-

ing professionals how to control a robot, it would be ideal to incorporate a digital twin, a real-

istic representation of the robot that behaves similarly to its real-world counterpart. 

As discussed in the state-of-the-art chapter of this document, a digital twin is a detailed 

virtual replica of a physical object or system, often created using extensive data collected from 

sensors connected to the real object over time. However, given the relatively small scale of this 

project, specifically in terms of resources availability, it wasn't possible to work with a fully 

featured digital twin paradigm, so the decision primarily involved either creating a custom vir-

tual robot using 3D modelling tools like Blender or downloading pre-made virtual models from 

the internet. Ultimately, the final decision was to use the framework, tools and a digital replica 

from a company that was previously mentioned in this document, Realvirtual.io. 

Realvirtual.io is an industrial simulation company that recently adopted Unity as a devel-

opment platform, recognizing its potential to rival traditional industrial simulation tools [52]. 

The tools and framework offered by Realvirtual.io are available on the Unity Asset Store, with 

various packages providing different capabilities (Figure 3.21). For this project, the Realvirtual.io 

Digital Twin Starter package was selected due to its affordability and its ability to meet the 

primary objectives of the project. 
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Figure 3.21 - Realvirtual.io packages available on the Unity asset store [72] 

The Realvirtual.io starter package includes several example scenes that demonstrate how 

the framework operates. It provides realistic robot models and significantly modifies the Unity 

development environment, adding features that enhance how scenes are viewed in develop-

ment mode, along with shortcuts for easily adding Realvirtual.io specific components, as seen 

in Figure 3.22. 
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Figure 3.22 - Realvirtual.io's Unity scene editing features (in editor view) 

The Realvirtual.io framework offers numerous functionalities, many of which were not 

utilized in this project. The primary features that were used include drive scripts for controlling 

the robot's joint movements, a main control logic script, and input/output signals managed by 

the control logic to operate the drives, and thus, the robot's movements. A sensor script was 

also applied to the robot's end-effector.  

This framework provides a wide range of script types, each identifiable by specific sym-

bols visible in Unity's inspector on the game objects that contain them (Figure 3.23). These 

scripts serve as the foundation for developing the robot's movements and functionalities within 

the Unity environment.  
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Figure 3.23 - The robot and its components/scripts as seen in the Unity hierarchy (in editor view) 

The control logic script, referred to as the Controller script in this project, functions sim-

ilarly to a PLC (Programmable Logic Controller). It defines the robot's logic and plays a central 

role in controlling the robot's movements and functionalities.  

A drive script designates a robot's joint as a movable part, and while the framework offers 

various types of drive scripts, only simple drive scripts were used in this project, given the basic 

nature of the joint movements required. In Figure 3.24 we can see one of the joints of the 

robot, as well its associated drive scripts. 
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Figure 3.24 - One of the robot's joints, and its corresponding drive components (in editor view) 

The sensor script enables the implementation of sensors within the system, allowing 

other scripts to access the sensor's data (visible in Figure 3.25). In this case, the sensor informs 

the Controller script on whether there is an object within the gripper's range for picking up or 

releasing. 

 

 

Figure 3.25 - The robot's gripper and its sensor component (in editor view) 

Signals are specific to the Realvirtual.io framework and are crucial for establishing con-

nections between drive and sensor components and other scripts. For example, you can assign 
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an input signal to a joint's drive to obtain its current position or speed, or you could also use 

it to obtain data from a sensor script. Output signals, on the other hand, are typically used to 

command actions. In the Controller script, for instance, joint movements such as rotating left 

or right are controlled by defining values for output signals assigned to specific drives. 

Input signals are represented in orange, while output signals are represented in green. 

As was illustrated in Figure 3.24 and Figure 3.25, the drive script utilizes output signals for 

controlling movement and speed, and it uses input signals to provide information about its 

current position and state. Additionally, the sensor script only requires an input signal to con-

vey information to other scripts. A list of these signals can be seen in Figure 3.26. 

 

 

Figure 3.26 - List of Realvirtual.io signals as seen in Unity's hierarchy (in editor view) 

In conclusion, by leveraging Realvirtual.io's tools and resources, a realistic and control-

lable robot was successfully integrated into the system. The controller script acts as the cen-

tral manager for the robot's movements, containing various functions and methods that use 

signals to control the robot's actions. These functions are then invoked by the ItemManager 

script, which handles the hand controller used by the user to operate the robot. This setup 

effectively bridges the connection between the user's hand controller and the robot, thereby 

allowing the user to experience controlling the robot in a realistic way. 
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3.3 VR Integration 

To understand the integration of VR tools into this project, it's important to first grasp 

what these tools consist of and how they are meant to be used. VR technologies aim to provide 

users with a realistic virtual world experience, which can range from non-immersive and semi-

immersive to fully immersive. 

For practicality, this project focused on delivering a semi-immersive VR experience, uti-

lizing the most common VR tools, a VR headset (or HMD) and hand controllers. While there 

are many versions of these products on the market, made by various companies, Meta Quest 

3 became the primary device used for the development and testing of this project. 

The choice of Meta Quest 3 was primarily driven by it being one of the most modern 

options that were available. Beyond that, the popularity of Meta's VR systems is also advanta-

geous, since many tutorials and resources for VR integration in Unity are based on the Meta 

platform, thereby easing the development process. A photo of the Meta Quest kit used can be 

seen in Figure 3.27. 

 

 

Figure 3.27 - Meta Quest 3 equipment that was used for development and testing 

The Meta Quest 3 system consists of a headset and two hand controllers. The headset 

immerses the user in the virtual world visually, while the hand controllers enable interaction 

and movement within the environment. An important aspect of the development process was 

configuring the buttons on the hand controllers to suit both the virtual environment and user 
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convenience. The controller configuration for guided mode can be seen illustrated in Figure 

3.28. 

 

 

Figure 3.28 - Guided tutorial mode's controller configuration 

To operate the Meta Quest 3, Meta Quest Link needed to be installed on the computer. 

This software allows the headset to connect to the PC, either via a USB cable (Figure 3.29) or 

wirelessly through Air Link, enabling users to run VR applications installed on the computer. 
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Figure 3.29 - Meta Quest 3 connected through a USB cable to the computer 

The integration of VR tools into the project was based on the official VR Integration Unity 

tutorial [73], available online. This tutorial is divided into several steps, with both text and video 

instructions provided. It includes an example Unity project and the necessary extensions to 

incorporate VR functionalities into Unity. The example project served as a foundation for un-

derstanding how VR operates within Unity.  

In Figure 3.30 we can see one of the Unity test scenes provided by the tutorial, where 

two grey spheres with red lines are visible. These spheres represent the user's hand positions, 

while the red lines indicate the direction they are pointing. 
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Figure 3.30 - Unity test scene provided by the tutorial 

However, for most of the development process, actual VR equipment was unavailable. It 

wasn't until the final stages of development that real VR hardware could be used. As a result, 

much of the VR development and testing was conducted using a VR simulator called the XR 

Device Simulator. 

The XR Device Simulator, obtained from the official Unity VR tutorial page, allowed for 

simulating the controls and systems of real VR equipment using a mouse and keyboard. The 

key scheme for the simulator is shown in Figure 3.31. 
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Figure 3.31 - XR Rig Simulator Keyboard Shortcuts [74] 

However, it wasn’t until access to the Meta Quest 3 was gained that testing the applica-

tion as a whole became more feasible. Having direct contact with the real equipment allows 

the developer to have a better feel for what they are developing, for example, it made it a lot 

easier to assign specific interactions to the buttons on the hand controllers in a way that felt 

intuitive for the user. 

By the end of the development process, the user could move around the virtual scene 

using the right-hand controller’s analogic stick, while the one on the left allowed them to turn. 

The "Y", "A", and "B" buttons were assigned specific functions within the simulation scenes, and 

the trigger buttons on the front of the controllers served as the main interaction tools, enabling 

the user to easily interact with UI menus by pressing them with their index fingers. 

Additionally, the simple grey spheres that previously represented the user’s hands were 

replaced with more realistic hand models, complete with a few animations to reflect the user’s 

interactions (Figure 3.32). 
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Figure 3.32 - Hand animation 

 

3.4 AI Integration 

 Chat Bot Integration 

As mentioned in the state-of-the-art chapter, generative AI is one of the most rapidly 

evolving technologies today. It has given rise to numerous concepts and ideas on how these 

technologies can optimize economic productivity and improve people's quality of life. The core 

idea of this dissertation is deeply rooted in this trend, with its goal being to prove the concept 

of an AI-assisted VR learning environment. This means that one of the key challenges in devel-

oping this project will naturally be integrating an AI chatbot into a Unity application that could 

effectively fulfil the project's main objectives. 

Initially, the Chat Bot service that seemed most promising was RASA. RASA operates as 

a platform that allows the creation of custom Chat Bot models. This option was particularly 

attractive due to it being free and easily accessible, as well as having a wealth of available 

information and tutorials. The official RASA website itself offers a very detailed tutorial, outlin-

ing the steps for installation and use of the service [75]. 

Additionally, it was relatively easy to find information on how to integrate RASA services 

with Unity [76]. The fact that the service is free and that detailed tutorials were available on 
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official websites, as well as on platforms like YouTube, led to the first tests being carried out 

with the goal of integrating a RASA Chat Bot into a Unity project. 

This goal was achieved after creating a test project, following the instructions from the 

Unity integration tutorial mentioned earlier. In this simple project, there was a button, and 

upon it being pressed, a message saying "hi" was sent to the Chat Bot, which responded, as 

shown in Figure 3.33. 

 

 

Figure 3.33 - Early communication test with RASA 

However, some challenges quickly became apparent when using this service. One of 

them is related to the fact that RASA Chat Bots require the creation of data and "stories" in a 

YAML file format to communicate in a more realistic and adaptable manner. This is because 

RASA Chat Bots are largely built based on custom instructions provided by the user. 

The process of developing these files and creating RASA models, in general, is relatively 

complex and time-consuming, especially if a particularly intelligent Chat Bot is needed. Alt-

hough the level of customization offered by RASA services can be very useful in certain cir-

cumstances, given the time constraints for the development of this project, it was decided to 

explore other options. 

This led to the initial tests for the integration of ChatGPT with the Unity project. Unlike 

RASA, the use of OpenAI services is not free, so it was first necessary to investigate the associ-

ated costs. 

The costs of using OpenAI's services are measured in terms of tokens. A token is defined 

as a common sequence of characters found in a text. This division of text into tokens can be 
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easily visualized on an OpenAI website called Tokenizer, as shown in the example in Figure 

3.34. 

 

 

Figure 3.34 - Tokenizer [77] 

 

With an understanding of what a token is, it is easier to comprehend the pricing of 

OpenAI’s services. It becomes clear that these services are relatively affordable. For example, 

the cost of using ChatGPT 3.5 (via API) is $0.001 per thousand tokens.  

During the entire development process, only about $0.24 of the $6 that were loaded was 

used. These costs include not only the use of ChatGPT 3.5 services but also Whisper, which has 

a cost six times higher. 

After confirming that OpenAI’s service pricing is affordable, the next step was to integrate 

them into a Unity project. To do this, a few tutorials were followed, and a pre-made package 

from GitHub was used as the basis for the integration [78]. This package contains the base API 

code, which had to be completed with an access key and OpenAI account Information, and an 

example project that contains a text box where it’s possible to exchange text messages with 

the Chat Bot. This example project can be seen working in Figure 3.35. 
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Figure 3.35 - Example project from GitHub package 

Looking at the figure, it is clear that the Chat Bot is interacting as if it were a stranger, 

without access to any external information. This happens because, in the code that manages 

the Chat Bot's functionality, a prompt message is defined that instructs the Chat Bot about the 

role it should play. A prompt message is a message that provides instructions to an AI Bot on 

what to do. In this case, the prompt message was: "Act as a random stranger in a chat room 

and reply to the questions. Don't break character. Don't ever mention that you are an AI 

model.". 

This test immediately highlights a clear advantage that using ChatGPT has over RASA. 

ChatGPT can be integrated more easily, without requiring any prior setup or training to interact 

realistically. This test demonstrates that using a simple prompt message, like the one shown 

earlier, is enough to create a Chat Bot capable of dynamically communicating with the user, 

following instructions. 

For these reasons, ChatGPT was used in subsequent tests and was the chosen Chat Bot 

for this project. 
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 TTS and STT Integration 

In a virtual reality environment, it is difficult to use computer keyboards or other conven-

tional writing tools. Therefore, options for TTS (Text-to-Speech) and STT (Speech-to-Text) were 

explored for communication with the Chat Bot. 

TTS refers to the conversion of text to speech on a computer. A TTS system can read text 

and convey what was written using an artificial voice through the computer's audio speakers. 

On the other hand, STT refers to the opposite conversion, meaning the transformation of 

speech into text. Using a microphone, an STT-enabled system can interpret what the user says 

and convert the speech into text. 

Incorporating these features allows the user to interact with the Chat Bot solely through 

voice, providing a more immersive and practical experience, resembling human communica-

tion. 

For the implementation of TTS functionalities, various options were analysed, including 

resources available in the Unity Asset Store and services provided by Google Cloud. After some 

testing however, AWS TTS services, known as AWS Polly, were chosen. 

The main advantage of this service is that AWS offers free usage for one year, unlike 

other options that either involved immediate costs or shorter free trial periods. Additionally, it 

was easier to find clear tutorials for this service compared to other available alternatives. 

To implement the STT functionalities, OpenAI's services were used, by integrating Whis-

per into the project. Whisper is a generative AI tool capable of interpreting audio and convert-

ing it into written text. Since OpenAI services were already being used through the ChatGPT 

3.5 bot, it was simply a matter of reusing the available resources, adapting them to incorporate 

Whisper into Unity and essentially using the same API. It was also advantageous that the 

GitHub resources previously obtained already included the necessary tools for this integration. 

The cost of using Whisper is $0.006 per minute of audio analysed, which means it's relatively 

cheap just like GPT 3.5. 

 

 Chat Bot Preparation 

After developing functions that allow seamless integration of AI tools, such as converting 

detected audio into text, sending a message to GPT-3.5 to retrieve its response, and converting 

text into speech, one major challenge remains, teaching the AI assistant how to effectively 

assist the user. 
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By default, GPT-3.5 functions as a general-purpose assistant with broad knowledge 

across many domains. However, for this project, the AI must be specifically tailored to assist 

the user in navigating issues within the simulation. It needs to understand its purpose, the 

tutorial sequence, how the robot controller operates, and other crucial aspects of the system. 

Essentially, the Chat Bot must be context-aware and knowledgeable about the specific topics 

it will be questioned about by the user. 

A common method used to train AI bots for specialized tasks is fine-tuning. This tech-

nique improves a pre-trained model’s performance on a specific task by continuing its training 

with a smaller, domain-specific dataset. While models like GPT-3.5 are initially trained on vast 

general datasets to capture a wide array of patterns and knowledge, fine-tuning adjusts the 

model to excel in a particular application by exposing it to examples directly relevant to that 

domain. 

Fine-tuning is widely used, and when executed properly, it can enable a Chat Bot to han-

dle specific tasks and situations with high efficiency. However, this approach not only requires 

creating a specialized training dataset in a particular format, but it also incurs additional mon-

etary costs. While preparing a fine-tuning dataset is significantly simpler than training an AI 

model from scratch, it still requires resources and effort. An example of what a fine-tuning 

dataset may look like is visible in Figure 3.36 

 



 80 

 

Figure 3.36 - Example of a dataset for fine-tuning [79] 

Given the relatively low complexity of the tasks expected from the AI assistant in this 

proof-of-concept project, a simpler approach was chosen, relying on detailed, well-structured 

prompting, along with supporting functions. This decision balances functionality with ease of 

implementation, ensuring the AI assistant is equipped to handle the required tasks without the 

need for extensive customization or further costs. 

 To make this system work, a general set of instructions and information is provided to 

the bot each time the simulation starts. The instructions are as follows (Figure 3.37). 
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Figure 3.37 - First prompt defined for the system 

 The prompt begins with a clear description of the Chat Bot's task and is divided into 

sections, each covering a different topic. It explains in detail each step of the tutorial sequence, 

including what the user must do to proceed through each step. The prompt also includes useful 

information and tips on common questions users may ask, which aren't covered in detail in the 

pre-written tutorial instructions. 

Perfecting the prompt for the bot to understand and respond effectively within its des-

ignated context requires considerable trial and error. While the prompt could likely be further 

improved, for the purpose of this proof of concept, it was deemed sufficient. 

Beyond the initial prompt, it's essential to have a method for updating the AI assistant 

on the current state of the simulation. To achieve this, two supporting functions were added 

(Figure 3.38). These functions keep the AI informed about two particularly important details: 

the current step in the tutorial sequence and whether the simulation is in guided or free mode. 
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Figure 3.38 - Auxiliar functions designed to update the AI bot on what's happening in scene 

With the initial prompt and supporting functions in place, the AI assistant is aware of its 

purpose, informed enough to assist the user when needed, and updated on what is happening 

within the simulation. 

While the AI assistant isn't perfect, due to its limited memory capacity (which can be 

measured in tokens), it may occasionally forget something the user has said or lose track of 

the simulation's state. However, it performs well enough to demonstrate the potential of sys-

tems involving close human-AI interaction, something that will be looked into in more detail 

in section 4. 
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4  

 

TESTS AND RESULTS 

By the end of the development phase, the system integrated a digital replica of a robot, and 

generative AI and VR technologies. As we've seen in the architecture chapters, these tools work 

together, and the unity system can be divided into several blocks. The system proved robust 

enough to be compiled and run independently outside the Unity development environment, 

as a standalone application. 

This brings us to the next major chapter of this dissertation, where detailed testing will 

be analysed, and conclusions will be drawn about the project's viability as a proof of concept. 

Before beginning the in-depth analysis of the testing process, however, the chapter will 

start with a general presentation of the user's experience within the finalized system.  

 

4.1 Presentation of the Developed System 

When opening the application, the first interface the user encounters is the main menu 

(Figure 4.1), which serves as a central hub for navigating the application’s features. This is the 

initial environment the user enters upon launching the application, where the first screen pre-

sents two options, Guided Robot Tutorial and Free Robot Tutorial.  

In this scene, player movement is restricted, but the user can see their virtual hands and 

interact with the menu by using the VR controllers, by selecting options with the trigger but-

tons on the VR controllers.  

 



 84 

 

Figure 4.1 - First screen of the main menu 

When the user selects one of the tutorial options, the menu updates to display a brief 

description of the chosen tutorial, an image showing the general layout of the VR controllers' 

buttons for the upcoming simulation, and two additional clickable options, one to proceed to 

the simulation scene, and another to return to the previous tutorial selection screen (Figure 4.2 

and Figure 4.3). 

 

 

Figure 4.2 - Description of the guided tutorial (in editor view) 
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Figure 4.3 - Description of the free tutorial (in editor view) 

This way, the Main Menu Unity scene functions as a central hub, allowing the user to 

access the desired simulation training scenes while also providing essential information about 

each option. 

As the user enters either one of the simulation scenes, they notice that they share many 

similarities. Each features a 3D environment that the user can interact with, and this environ-

ment is identical across both scenes. 

The 3D setting consists of a room with a central platform where the robot is located, as 

it's seen in Figure 4.4. 
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Figure 4.4 - Tutorial room (in editor view) 

In one of the walls of this room, useful tips are displayed for the user (Figure 4.5), includ-

ing instructions indicating that by pressing the "Y" button on their controller, they can initiate 

communication with the virtual assistant, and by pressing the "B" button, they can return to 

the main menu scene. 

To communicate with the virtual assistant, the user presses the "Y" button, which starts a 

timed countdown during which the user's verbal input is recorded and processed by the sys-

tem's AI tools. The wall also features a microphone selector, a time bar that represents the 

duration of the recording window, and a time window selector. Useful tools to help the user 

decide how they wish to interact with the AI assistant. 

 

 

Figure 4.5 - Wall with tips and AI related functionalities (in editor view) 

Above the wall, there are text boxes where the user can read written transcripts of their 

conversations with the Chat Bot (Figure 4.6). There's a text box for the user's input, for the 

guided sequence's instructions and for the Assistant's responses. 
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This feature is particularly helpful if the user forgets what the AI assistant has said or 

needs a reminder of the current task in the guided training simulation. It's also useful in situa-

tions in which the user misspeaks or has a bad microphone, as it allows the user to be aware 

of when the system misunderstands their inputs. 

 

 

 

Figure 4.6 - Auxiliar text boxes (in editor view) 

Additionally, the user will notice a small screen next to the robot's platform that allows 

them to adjust the position of a cube on the platform (Figure 4.7). This cube is designed to be 

picked up by the robot during training and moved between small bases on the platform, so 

the ability to reposition the cube using this screen is a practical feature. 

 

 

Figure 4.7 - Cube bases and the cube repositioning screen (in editor view) 

Both tutorial modes share the same movement and interaction user controls, with only 

minor differences between them. The primary distinction between the two modes lies in their 
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approach to guidance. With one mode automatically dictating a sequence of guided tasks that 

must be completed in order, and the other allowing users to freely train without any specific 

guidance. 

In both tutorial modes the user can control the robot's digital replica through a set of 

realistic controls assigned to their left hand (seen in Figure 4.8), with the only difference be-

tween the modes being that in guided mode, some of the robot's controls are locked until the 

user has advanced to a certain level in the guided tutorial sequence. 

 

 

Figure 4.8 - Robot Controls (in editor view) 

In guided mode, the user must complete a sequence of several steps (as was explained 

previously in section 3.1.2.1), with each beginning with a pre-designed instruction delivered to 

the user through both voice and the instructional text box mentioned earlier. During this ex-

planation, the scene is paused (Figure 4.9), preventing the user from moving. The user is al-

lowed to skip these instructions by pressing the "A" button on the right VR controller. The user 

can also silence the voice whenever they feel like by pressing "X" on the left VR controller.  

In both modes, the user can communicate with the AI assistant by pressing the "Y" but-

ton. In the guided tutorial, communication with the AI assistant is disabled while an instruction 

is being delivered, but outside of that, the user can interact with the assistant at any time, as 

the assistant is even aware of what the current task is that the user is attempting to complete. 
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Figure 4.9 - Instructions pause screen, in guided tutorial mode 

 

4.2 Testing Phase 

Having analysed the general user experience inside the system, the next step is to study 

the different aspects of the system that were tested and how they were tested, covering aspects 

like the feel of the VR controls, the UI, and the robot controls. The performance of the AI will 

also be examined through various tests, focusing on how different prompts affect its behaviour. 

By the end of this subchapter, we will review the testing done on the guided tutorial sequence 

as a whole. 

 

 General Tests 

4.2.1.1 Initial UI 

Regarding the UI aspect of the system, particularly the main menu scene that users first 

encounter upon entering the application, feedback after multiple uses and from other users 

suggests that it is indeed simple and easy to navigate. Since the main menu offers only two 

options, it is not surprising that most users find it straightforward to understand. 
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However, after allowing individuals who were not directly involved in the project’s devel-

opment to try it out, certain issues with this simplicity became apparent. The primary issue 

identified was that the screen presented after the user selects a simulation mode does not 

adequately prepare them for the upcoming simulation. 

As mentioned earlier, the main menu scene displays a screen with a general description 

of the selected simulation mode, along with an image illustrating the VR controls assigned to 

the user. The problem observed was that users often skimmed over this control image and 

quickly proceeded to the simulation. As a result, many users, especially those unfamiliar with 

VR, tended to forget some of the control instructions during the simulation. 

In such cases, the only way for users to view the complete control scheme again was to 

interrupt the simulation and return to the main menu scene, which proved inconvenient.  

This issue, however, is easily fixable and does not pose a critical problem for the overall 

project. Additionally, since the controls for interacting with the AI assistant are displayed within 

the simulation scene, the user can easily ask the assistant any questions related to the VR con-

trols during the simulation. The AI assistant is generally well-informed about these controls, 

making it a useful resource for users in these situations. 

4.2.1.2 VR Controls 

After several sessions in the VR environment, it became possible to confirm the success 

of certain design choices, while also identifying areas that could be improved.  

Replacing the original dark spheres with actual hand models significantly enhanced the 

system's level of immersion. Additionally, adding hand animations for certain interactions fur-

ther contributed to this immersive experience, even if these animations were only implemented 

for a few specific actions and do not serve a functional purpose beyond enhancing immersion. 

An example of a user interaction, triggering an animation can be seen in Figure 4.10. 

 



 91 

 

Figure 4.10 - VR hands interacting with controller 

Another successful decision was to keep using the original red lines as pointers for inter-

acting with the UI systems in the scene. This approach proved effective because it allows users 

to interact with UI elements that are out of reach, enhancing the practicality of the experience.  

For instance, if the user is controlling the robot and wants to stay near it to observe it up 

close, they don’t need to walk over to the wall to adjust the AI assistant's UI recording time 

duration settings. Instead, they can simply point at the UI with their hand from far away, making 

the process more convenient, as is exemplified in Figure 4.11. 

 

 

Figure 4.11 - Example of a user interacting with the UI from far away 

However, relying solely on the VR hand interaction lines also had a few downsides. One 

issue is that it becomes harder to interact with UI screens if the VR hand is too close to them. 

Some testers initially made the mistake of trying to interact with the handheld controller while 
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their VR hands were too near the screen. Fortunately, however, after some trial and error, it 

becomes easy to understand the optimal distance for interacting with these UI elements. 

Another downside is the inconsistency of the interaction lines, particularly when using 

the cube-moving screen. When the user points its interaction line to one of the cube base 

options, the selected cube often isn’t the one the user is directly pointing at, it feels as though 

the system detects the interaction slightly to the right of where the pointer is actually aiming 

(as is noticeable from Figure 4.12). While it's not difficult to adapt to this after a few attempts, 

it's definitely an area that could benefit from improvement. 

 

 

Figure 4.12 - Example of an inaccurate detection of the pointer by the cube-moving screen 

Aside from the few issues mentioned, the overall VR experience feels robust and meets 

the key expectations of the project, and the controls assigned to the VR controllers are practical 

and intuitive, making them easy to use. 

 

4.2.1.3 Robot Controls 

Regarding the robot control experience, after testing the system multiple times with 

both, users familiarized and unfamiliarized with the system, the overall feedback is positive.  

The handheld controller, positioned over the left VR hand, accurately simulates the feel-

ing of holding a real handheld controller. The buttons and functionalities of the controller work 

accurately and with satisfying precision, achieving the goal of imitating a simplified robot con-

troller. The robot model also appears realistic and responds accurately to the user’s commands. 

Several modifications were made following initial testing. For instance, the handheld con-

troller initially appeared automatically when the user rotated their wrist. This feature was in-

tended to make the experience smoother, removing the need for button presses. However, it 
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was eventually removed as it proved more practical to toggle the handheld controller using a 

button (the left grip button). Otherwise, users had to maintain a specific hand position for the 

controller to remain visible, which gets tiring over time. 

However, the robot control simulation is not without its flaws, primarily due to the lack 

of realism in how the digital replica interacts with the virtual environment. For example, the 

robot lacks movement limits, allowing users to rotate its joints in ways that would be impossible 

in reality. The digital replica also lacks collision detection, meaning the robot can pass through 

physical obstacles (Figure 4.13). Additionally, the robot's gripper doesn’t realistically close 

when grabbing objects and lacks collision physics. The opening and closing actions of the 

gripper aren't animated. 

 

 

Figure 4.13 - Gripper going through the cube 

While these issues could be addressed, it was decided not to invest significant time in 

fixing them, given that they are not crucial to the proof of concept and due to time constraints.  

Despite these limitations, the robot model fulfils the core requirements of the tutorial. It 

can still be used to effectively teach and train users in essential robot control skills. The se-

quence shown in Figure 4.14 illustrates how despite these flaws, the system still allows the user 

to learn and perform tasks like, for example, moving the cube from base to base. 
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Figure 4.14 - Representation of a successful robot movement sequence 

 

4.2.1.4 AI communication 

Up until now, the aspects of the system reviewed in this chapter have been evaluated 

solely based on general user experience. However, when it comes to the AI communication 

aspect, a significant amount of trial and error was required to optimize the AI assistant’s be-

haviour to meet the project’s requirements. 

As mentioned earlier, preparing the AI assistant for its role in the simulation involves 

providing it with a detailed prompt outlining its tasks, as well as specified functions used to 

alert it of events occurring during the simulation. While this process is straightforward, verifying 

the effectiveness of the prompt and functions required extensive testing, involving multiple 

conversations with the AI assistant. 

The initial prompt used during the first tests can be seen in Figure 3.37, in chapter 3.4.3. 

This prompt contains essential information about the simulation modes, each guided tutorial 

step, certain VR controls, and general details that could be helpful to the user. 

This prompt provided the AI assistant with enough context to understand the differences 

between the two simulation modes and to recognize each step and its progression. 

Consequently, the two auxiliary functions, SetMode and UpdateAIWithSystemState (also 

discussed in chapter 3.4.3), successfully updated the AI assistant on the current simulation 

mode and the progress within the guided simulation. However, despite these early successes, 

further testing revealed some issues. 

One recurring problem was the AI assistant’s tendency to respond with bullet point lists 

(Figure 4.15). Since ChatGPT was primarily designed for text-based communication, during 

testing, the AI assistant frequently used bullet point lists in its responses. While these lists are 
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practical for reading, they are less suited for verbal communication, which is the primary mode 

of interaction in this system. 

 

 

Figure 4.15 - Example of a bullet point list response by the AI assistant 

The AI assistant also had a tendency to give overly long responses (Figure 4.16). ChatGPT 

is inherently designed to provide detailed and intricate answers, often addressing multiple 

points and offering additional context by bringing in external information. However, in verbal 

communication, this tendency can become problematic when the user is simply looking for a 

quick, straightforward answer. Additionally, when the responses are too lengthy, it’s not un-

common for them to exceed the space limit of the auxiliary text boxes in the virtual environ-

ment. 
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Figure 4.16 - Example of a very long response by the AI assistant 

Another issue was that whenever the user asked the AI assistant technical questions, such 

as how to perform a task with the robot or something related to the VR controls, the AI would 

often respond with statements like, "In free mode, (...)" even when the question and answer 

applied equally to both simulation modes. Similarly, it would begin with, "In step (...)," even if 

the user was in free mode, where there are no steps involved.  

Here is an example of one of the initial conversations with the AI assistant during testing 

in free mode: 

 

➢ User: "How do I move the robot around?" 

 

➢ Assistant: "In Free mode, you can move the robot around using the right VR con-

troller's analog stick. Press the stick in the directions you want to move, and the 

robot will move accordingly." 

 

➢ User: "Isn't the right stick for moving me around and not robot?" 

 

➢ Assistant: "Apologies for the confusion. You are correct. In Free mode, the right-

hand VR controller's analog stick Is used to move your character/avatar within 

the virtual environment, not the robot. The robot's movement Is controlled 

through the tutorial steps In Guided mode." 

 

➢ User: "How do I control the robot's joints?" 
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➢ Assistant: "In Guided mode, to control the robot's joints, you will need to use the 

joint movement keys. On the right side of the controller, there are 12 smaller 

buttons that correspond to the joint movement controls based on Yaskawa's 

standard. Pressing these buttons will move the robot's joints accordingly. Exper-

iment with pressing different combinations of these buttons to control the ro-

bot's movements." 

 

From this example, it's clear that the AI assistant recognizes it's in Free mode, as it men-

tions this in its first response. We can see that it realizes its mistake in the initial response, 

correctly identifying that the right analog stick is used to move the player character, and it 

demonstrates awareness of the twelve joint movement keys designed to mimic the Yaskawa 

controllers.  

However, the AI makes several errors. It responds incorrectly to the first question, possi-

bly due to unclear prompt instructions or its own limitations. It repeatedly refers to the simu-

lation mode as if the functionalities it discusses were specific to that mode. This shows that the 

AI interpreted the prompt as meaning that the robot controls and features outlined in the 

guided tutorial steps, apply only to the guided tutorial, which is not the case. These function-

alities are available in Free mode as well.  

Another minor mistake was assuming that the 12 movement keys are used in combina-

tions, whereas they are intended to be used one at a time. This likely happened because the 

prompt did not clearly specify how these keys are used. 

Considering these issues, the prompt was revised and tested several more times. By the 

end of this process, the final version of the prompt ended up looking like what's seen in Figure 

4.17. 
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Figure 4.17 - Final improved prompt 

In this new prompt, significant changes were made to address the previous issues. For 

example, to prevent the AI assistant from giving overly long, bullet-pointed responses, the line 

"Try to answer questions in a simple manner, and human like way, don't give very long answers, 

avoid explaining things point by point" was added. Other instructions like "Don't mention tu-

torial steps when you are in free mode." were included to stop the AI from referencing steps 

and tutorial modes whenever it answers a technical question. 

Additionally, a new section called "Robot Controls Information" was added, separate 

from the tutorial steps list. This was necessary because the AI assistant had previously been 

confused about when robot controls should be applied. Since the robot control information 

was originally stored in the guided mode steps section, the AI mistakenly assumed these con-

trols were specific to guided mode. With the new separate section containing all the robot 

controls, unrelated to any specific mode, it’s now much less likely that the AI will associate 

them with a particular simulation mode. 

Here, we see an example of a similar conversation to the previous one, but this time using 

the improved prompt. 
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➢ User: "How do I move the robot around?" 

 

➢ Assistant: "You can move the robot and Its joints by pressing the movement keys 

on the controller. They allow you to control the robot's position and orientation." 

 

➢ User: "What Is the current tutorial mode?" 

 

➢ Assistant: "The current tutorial mode is Free." 

 

➢ User: "What can I do in free tutorial mode?" 

 

➢ Assistant: "In free tutorial mode, you have the freedom to explore and interact 

with the VR system without following specific tutorial steps. You can still use the 

robot controls, move around, pick up objects, and experiment with different fea-

tures of the system." 

 

From these responses, significant improvements are immediately noticeable. The con-

versation starts with the same question as before, but this time the AI assistance answers it 

correctly without mentioning any simulation mode. The AI proves that it knows in which tutorial 

mode the user is, and when asked to describe what the user can do in it, it answers the question 

correctly, in a simple and general manner. 

By the end of these tests, the AI assistant's performance was deemed sufficient for the 

proof of concept. The AI stopped associating the robot controls with guided mode, its answers 

became generally shorter and more simplified, and the use of bullet points became less fre-

quent. Despite these improvements, the AI assistant still wasn’t perfect. Occasionally, if the 

question asked is too general and difficult to answer briefly, the AI might still produce a long 

response that extends beyond the bounds of the scene's text box, it might also still use bullet-

points if it's asked to describe a long process. Additionally, the AI may occasionally forget cer-

tain details. This could be due to the prompt not being clear enough or due to the limitations 

of the AI itself. 

AI models like ChatGPT have limited memory. While they are designed to retain the con-

text of conversations, when the conversation becomes too lengthy and the memory token limit 

is approached, the model may start forgetting certain aspects of the conversation.  
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But despite these challenges, the bot successfully answered user questions, retained im-

portant contextual information about the simulation, and kept pace with the steps in the 

guided tutorial. Furthermore, the TTS (Text-to-Speech) and STT (Speech-to-Text) features func-

tioned properly, with only a minor delay between the user's question, the STT interpretation of 

it, and the AI’s spoken response through TTS. 

 

 Tutorial Sequence Test 

Now that an overview of the testing processes for various individual aspects of the sys-

tem has been provided, it’s important to evaluate the performance of the guided tutorial se-

quence as a whole. Particularly because this sequence effectively showcases all the previously 

discussed components working together in unison to deliver an interactive learning experience 

to the user. 

Overall, the tutorial sequence functions well. Throughout, the system maintains frequent 

communication with the user. TTS (Text-to-Speech) is utilized not only for the AI assistant but 

also for delivering any instructions to the user during the tutorial. The auxiliary text boxes on 

the virtual wall are easily visible and serve their purpose effectively, reminding users of the 

current step's instructions and summarizing previous AI interactions. 

 

4.2.2.1 AI performance in Guided Mode 

The quality of feedback from the AI assistant was strong. For instance, during an interac-

tion from step 1, the user receives a clear response from the AI assistant explaining why certain 

buttons are disabled: 

 

➢ User: "Why are there buttons that I can't press?" 

 

➢ Assistant: "In guided mode, some buttons may be disabled in certain steps be-

cause they are not needed for the current task or instruction. These disabled but-

tons will become active in later steps as we progress through the tutorial. It helps 

to ensure that you focus on the relevant buttons and actions for each step, mak-

ing the learning process more structured and manageable." 
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In another example, we can see an interaction made in step 3, where the user asks the 

assistant what the yellow line on the gripper signifies: 

 

➢ User: "What is that yellow line on top of the gripper?" 

 

➢ Assistant: "The yellow line on top of the gripper Is the gripper's detection range 

indicator. When the gripper Is within range of an object, the yellow line will turn 

red, indicating that the gripper has detected the presence of an object. This helps 

you determine whether the gripper Is close enough to pick up the object or not. 

Make sure the yellow line turns red before attempting to pick up an object to 

ensure successful gripping." 

 

In another instance, we see an interaction where the user asks the AI assistant how to 

complete the step they are on (step 4), demonstrating that the bot is aware of the current step 

without requiring user interference: 

 

➢ User: "What am I supposed to do in this step?" 

 

➢ Assistant: "In this step, you need to save and delete points the Insert and Delete 

buttons. The saved points will be listed on the left side of the controller, and you 

can navigate them using the arrow buttons. Saving a point records the current 

position values of each joint and grip state." 

 

These are just a few examples from tests conducted throughout the tutorial sequence. 

Despite the simplicity of the AI's setup, which consists of a prompt and two functions, the 

assistant still demonstrated reasonable capabilities in assisting the user. The AI assistant is not 

fully aware of the situation within the VR environment, it doesn't track the robot's position, 

movements, or how many control buttons are enabled at any given time, but it has enough 

understanding of the goals and conditions for progressing through each step to offer useful 

feedback on how to complete the tutorial. 
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4.2.2.2 TTS performance in Guided Mode 

Another aspect of the tutorial sequence that proved valuable during testing was the con-

sistent, pre-defined, TTS-based feedback given to the user as they progressed. Throughout the 

tutorial, the same voice used by the assistant is employed not only to provide instructions but 

also to guide the user in various ways. 

A good example of these pre-defined interactions occurs during step 3. When the user 

first picks up the object, the voice says, "You've picked up the cube. Notice how the label on 

the left screen is now red, indicating a gripping state. Try moving it around and then click the 

button again to drop it". When the user drops the cube, the voice responds, "You've dropped 

the cube, good job. If you want to move on to the next phase of this tutorial, press A". Through-

out various steps, the AI voice offers tips, congratulates the user on their progress, and informs 

them when they are ready to move on to the next tutorial step. 

In some steps, if the user presses the A button without completing the necessary task to 

advance, the tutorial voice informs them of what needs to be done. For instance, in step 7, if 

the user presses A without saving at least 3 robot positions for the sequence, the voice says, 

"You should have at least 3 saved positions for this sequence". If the user presses A after saving 

3 positions but without the cube having passed through the required bases, the voice says, "It 

doesn't seem like the cube has passed through both bases". 

Overall, these pre-defined interactions by the AI voice enhanced the immersive experi-

ence and played a crucial role in keeping the user informed of what needed to be done and 

when they could advance in the tutorial. 

 

4.2.2.3 Guided Mode progression quality 

In this tutorial sequence, one of the most crucial aspects to test was the effectiveness of 

the tutorial progression conditions. As mentioned previously, the guided tutorial consists of a 

series of steps that the user must complete. To ensure that the system knows when the user 

has completed these tasks, certain functions are used to verify the completion conditions.  

With this in mind, testing focused heavily on evaluating the reliability of these functions. 

In most cases, particularly in steps that require simple tasks, the conditions worked well. For 

example, in step 2, where the goal is for the user to change the robot's speed, the system 

simply verifies if the robot's speed was changed to "FAST" (since it always starts in "SLOW" by 

default). Simple tasks like this are easy for the system to track, so there were no major issues. 

The more challenging steps to verify were step 1 and step 7. 
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Step 1 was particularly difficult because the condition for progression requires the user 

to click each of the twelve joint movement buttons at least once. To track which buttons the 

user has pressed, Unity methods and ButtonTracker logic were used. Unfortunately, these 

methods were not always accurate, and sometimes the system failed to register when a button 

was pressed. This led to confusion for users, especially those unaware of the issue. In some 

cases, the user had to press buttons multiple times before they were properly registered. This 

problem arose from a design flaw that could likely be fixed with more time. 

Step 7's conditions were difficult not because they failed to verify what they were de-

signed to verify, but because the verifications made don't fully ensure the user completed the 

task correctly. In this step, the system requires the user to save more than three robot positions 

and requires that the object has been in contact with both base A and base B. While a good 

sequence should indeed have at least three saved positions and the object should pass from 

base A to base B, the verification criteria are too simplistic. The user could, for instance, save 

three unrelated positions and manually move the cube to base B or use the cube movement 

screen to place it there, bypassing the real goal of the step and still progressing. 

The conditions for these two steps lack robustness and could be improved, but due to 

time constraints and different development priorities, they were left as they were.  

Despite these issues, the guided tutorial experience successfully achieves its primary goal 

of providing an interactive learning experience with close guidance and support from the sys-

tem. In most cases, the AI assistant effectively assists the user and keeps pace with the tutorial 

sequence, helping to manage the user's learning process. 

 

 

 

 

4.3 Results Phase 

Now that an overview of the system's testing process has been provided, the next sub-

chapter will summarize the system's overall performance during testing and assess how well it 

aligns with the project's initial goals. Additionally, potential improvements will be explored, 

analysing how the system could be further developed and scaled with additional time and 

resources, along with the potential benefits such advancements could bring. 
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 General Results 

The original goal of this project was to develop a VR-based learning system dedicated 

to teaching users how to control a manufacturing robot. The system would feature a virtual 

replica of a real robot, controllable by the user, and supported by an AI-based assistant. Ideally, 

this system would provide an immersive learning experience, allowing users to feel what it’s 

like to control a robot through the realism of the digital robot and its controls. The AI assistant, 

along with other system tools, would offer effective, concise support to the user's learning 

process, drawing inspiration from the learning paradigms discussed in the state-of-the-art sec-

tion of this dissertation. 

By the end of development, the system met these goals to a reasonable degree. The VR 

environment functions well, and the VR controls are practical and well-defined. While the VR 

environment may not feature the most detailed graphics, the experience is immersive and 

serves its purpose. Thanks to Realvirtual.io's resources, it was possible to create a realistic dig-

ital replica of a manufacturing robot in the virtual world and control it in a realistic way. 

The control system assigned to the robot’s movement is not as sophisticated as a real 

robot controller and lacks a 3D model, like the one the robot has. However, it functions effec-

tively as a handheld controller, allowing the user to move robotic joints, pick up objects, change 

the robot’s speed, save and manage robot positions, and even run sequences of movements. 

These features meet the objective of teaching users realistic robot controls, offering enough 

depth to provide a meaningful learning challenge. 

The AI component of the system also meets its intended goal. AI tools are widely used 

throughout the system. AWS's TTS services facilitate communication, not just for the AI assis-

tant, but also throughout the guided tutorial. Communication with the AI assistant was efficient 

and user-friendly, with the combined use of Whisper, GPT-3.5, and AWS's TTS proving success-

ful, allowing the user to interact with the AI smoothly. 

The AI assistant's performance was satisfactory. It was prepared with relevant system 

context and kept updated with simple functions, as demonstrated in the earlier tests. The 

guided tutorial sequence, with its consistent instructions and guidance, showed how the sys-

tem could offer a highly interactive and immersive learning experience. Through its verification 

functions, TTS communication, and the availability of the AI assistant for additional support, 

the guided tutorial successfully demonstrated the concept of immersive AI-assisted learning 

using a realistic digital replica of a robot and VR, an essential part of this proof of concept. 
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However, despite these successes, it is also important to recognize the system's limita-

tions. 

The initial UI is straightforward but lacks complexity, offering few choices and not provid-

ing the user with sufficient exposure to the system’s rules and controls beforehand. 

The digital replica has a functional control scheme, useful features and realistic looks, but 

it lacks realism in some areas. For instance, the gripper doesn't physically close when picking 

up objects, and the object-picking physics isn't realistic since the gripper's fingers lack proper 

collision mechanics. Additionally, the robot does not have movement limits like a real robot, 

and it can pass through physical objects without reacting to collisions. 

The robot control system could also be more realistic. It doesn’t emulate most functions 

of a real robot controller, lacks a 3D model, doesn’t simulate the process of downloading data 

from the controller to a computer, and isn't a replica of an actual system. Instead, it is a made-

up hybrid system, inspired by Yaskawa's controllers and the FlexPendant, replicating only a few 

of their key functions. 

Due to time and resource constraints, a true digital twin was not implemented in this 

project. Instead, a digital replica of a robot, without any real-time connection to a physical 

counterpart, was used.  

The AI assistant, while functional, lacks the robustness needed to avoid occasional mis-

takes during interactions. Preparing the AI with a simple prompt and a few functions works 

well for a proof of concept, but a fully developed product would require more complex func-

tions and much deeper preparation to ensure consistent performance. 

The guided tutorial sequence demonstrates the potential of these tools in teaching users 

how to work with professional equipment, in this case, a manufacturing robot. However, there 

is room for improvement in the level and quality of assistance provided during the tutorial, 

especially when it comes to the tutorial progression logic. 

Despite these challenges, the project successfully meets the core goals and requirements 

of this dissertation. The aim was to demonstrate that these tools could be integrated into a 

system to deliver an immersive learning experience, and the final system effectively proves that 

this can be achieved with these technological tools that have gained prominence in recent 

years. 

The identified issues are not insurmountable, and most stem from the project's small 

scale and the limited time available for its development. As a proof of concept, the system 

doesn't need to be perfect in every aspect, it simply needs to demonstrate that the concept is 
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valuable and feasible with the current environment and available technologies, and this project 

is successful in those aspects. 

 

 Possible Improvements 

Now that we’ve reflected on the system’s performance, quality, and alignment with the 

main goals of this project, it’s interesting to explore how the system could be improved. How 

much could a system like this proof of concept be enhanced to become genuinely useful in 

practice? What is the potential for systems like this in the future?  

Many ways to improve this particular system have already been mentioned in general 

terms throughout the previous chapters.  

First, the UI could be enhanced. The initial main menu could benefit from offering more 

options to the user. For example, a separate virtual environment could be created specifically 

to teach users the basic VR controls for the simulation, accessible from the main menu in a 

manner similar to how the Free Tutorial and Guided Tutorial scenes are accessed. This intro-

ductory VR tutorial could be recommended if it’s the user’s first time using the system.  

The initial menu could also include an options screen where users could adjust settings 

such as audio levels, microphone selection, graphics quality, and other options.  

Another valuable addition would be allowing for the option of experiencing the system 

without VR. This would require the development of a new control scheme, but it would extend 

the application’s accessibility to users who don’t own VR equipment. This could also be offered 

as an option from the initial main menu. 

 

The settings screen could also be accessible from within the simulation environment, 

from a newly added pause option. Currently, the simulation only pauses when instructions are 

given in guided mode, but a separate pause system could be added, allowing the user to pause 

with a button and access a settings screen such as those mentioned earlier. This would, for 

example, eliminate the need for AI-related settings to be displayed on the walls of the virtual 

room. 

Beyond these potential UI, practicality, and accessibility improvements, the system could 

be significantly enhanced in terms of the realism of the virtual environment. In the proof-of-

concept system, the 3D environment was created using Unity 3D objects, but a more advanced 

system could include a digital twin of an entire factory. With sufficient resources, a real digital 
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twin not only of the robot but of an actual real place could be developed, making the simulated 

environment much more immersive. 

Replacing the robot's digital replica with a fully realized digital twin would be ideal. Mak-

ing it have realistic physics and collision simulations would be a substantial upgrade compared 

to the current system. 

Enhancing the realism of the handheld robot controller would also represent a major 

improvement. The virtual robot controller could be an exact digital twin of a real-world robot 

controller, with all its functionalities, potentially even capable of exporting data in a manner 

similar to the real version. 

In a scenario where a system like this is developed on a larger scale, both in depth and 

complexity, a more advanced AI assistant with additional interactive features would be a sig-

nificant advantage. This could be achieved through fine-tuning, a method previously men-

tioned, where developers train the AI by providing it with detailed datasets. AI interaction with 

the user could also be improved by incorporating many more functions tied to events within 

the system. 

The system could also be expanded with more training modes, environments, and simu-

lations. There are numerous ways to build upon the concepts introduced in this project, and 

this concept could extend beyond robotics. Almost any discipline, especially those involving 

specific tools, could benefit from a system designed around the idea of a simulated VR envi-

ronment with digital twins and AI assistance designed for learning. 

Currently, VR equipment remains relatively expensive, and generative AI is still in its early 

stages. However, as time progresses, it’s reasonable to expect these tools to become more 

commonplace and accessible, a process that is already becoming apparent, as noted in the 

state-of-the-art chapters of this document. 
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5  

 

CONCLUSION 

 

5.1 General Overview of the Development Process 

The topic of this dissertation emerged largely from the current landscape of industry and 

technology. Today, we find ourselves in a transitional phase, moving from the paradigms of 

the fourth industrial revolution to those of the fifth, at a time when previously niche technolo-

gies are becoming more mainstream, cheaper, and more accessible. Alongside this, we are 

witnessing the early stages of one of the most disruptive technologies in history, the rise and 

popularization of generative AI. 

Additionally, the modern world of work is becoming increasingly competitive, with a 

growing demand for highly skilled workers. The learning and development (L&D) industry is 

incredibly valuable, with a constant drive for more efficient and effective teaching methods.  

This context is what led to the idea of proving the concept for a system aimed at teaching 

professionals, built around VR, a digital replica (or ideally, a digital twin), and AI tools. The goal 

was to harness some of the most relevant technologies of recent years to create a system 

designed to educate professionals, specifically in the field of robotics. 

Development of this proof-of-concept system began with a thorough investigation of 

available technological tools, choosing the most suitable ones given the available resources 

and time constraints. After this analysis, Unity was chosen as the main development framework, 

OpenAI’s GPT-3.5 was selected as the main integrated generative AI tool, and Realvirtual.io 

was used for creating the robot’s digital replica and programming its functionalities. 

Later in development, it was decided to also integrate text-to-speech (TTS) and speech-

to-text (STT) tools into the system to facilitate communication and the interactions between 
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the user and the system. Specifically, AWS’s TTS service and OpenAI’s Whisper STT service were 

incorporated. 

The system ultimately ended up being divided into two tutorial modes: guided mode 

and free mode. In guided mode, the user receives consistent feedback from the simulation as 

they attempt to complete pre-planned tasks, which are divided into several steps. The goal of 

these steps is to provide a more interactive and structured learning experience. In free mode 

on the other hand, the user can explore the simulated environment without any restrictions. 

In both modes, the user has access to a generative AI-based assistant capable of answer-

ing questions and offering assistance within the virtual environment. 

 

5.2 Main Challenges 

By the end of the main development phase, extensive testing and experimentation were 

conducted. The AI assistant was pushed to its limits to assess how well it adapted to different 

scenarios within the system. Issues were identified with the guided mode’s progression, and 

through trial and error, as new problems were found during further testing, the system was 

systematically improved within the available timeframe. 

The main challenges during the development and testing phases of this project were 

arguably the preparation of the AI assistant, the development of the guided tutorial sequence, 

and the creation of the robot control logic. 

Preparing the AI assistant was challenging because it required extensive trial-and-error 

testing to optimize the efficiency and quality of its communication. Despite the numerous tests 

conducted, it’s likely that further improvements could have been made with additional testing. 

The guided tutorial sequence posed difficulties due to the need for careful pre-planning 

to design a series of tasks that would facilitate effective learning. Another challenge was de-

veloping verification functions, which had to analyse the user’s actions and determine whether 

the task was completed to advance in the tutorial. 

Developing the robot's control logic was also demanding, as it required not only an un-

derstanding of the Realvirtual.io framework but also a certain degree of knowledge about how 

real robot controllers operate. Building the handheld control system and linking it with the PLC 

script that manages the robot’s movements using Realvirtual.io's tools was particularly com-

plex. 
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Another relevant challenge during these phases was the limited access to VR equipment. 

In the early stages, testing the system relied solely on the XR Device Simulator component, as 

mentioned earlier. 

Interestingly however, the process of integrating AI tools, Realvirtual.io, and VR capabil-

ities into the system was relatively straightforward in comparison with these challenges. 

5.3 Most Relevant Results 

By the end of development, while the final system was not perfect, it successfully met the 

primary objectives.  

The three core technologies explored at the outset, VR, the digital replica, and generative 

AI, were successfully integrated into a unified system designed for teaching. The VR environ-

ment is immersive, the robot’s digital replica is realistic and can be controlled in a manner that 

reflects how real robots are operated, emulating relatively well the behaviour that would be 

expected from a digital twin. The various AI tools work together to provide an interactive learn-

ing experience, with TTS guiding users through the tutorial, and an AI assistant well-informed 

about the subject matter, readily available to assist the user.  

A key outcome of this proof of concept is the ease with which an AI assistant could be 

integrated and adapted to the system’s context. 

 

5.4 Future Work 

These conclusions demonstrate that systems similar to this one are likely to become in-

creasingly relevant in the future. The fact that the AI assistant’s preparation was simple and 

rudimentary, yet produced positive results, only highlights the immense potential of these 

tools moving forward. 

As this dissertation concludes, it is safe to say that the project successfully demonstrates 

the feasibility of virtual training systems based on VR, digital twin, and generative AI technol-

ogies. It provides solid evidence that similar systems could gain traction in the future as these 

tools continue to improve and become more accessible. It’s highly likely that future iterations 

of this concept, with more robust features and advanced technologies, will enhance efficiency 

in the L&D field. 
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In future work, it would be interesting to explore the simulation of real, larger-scale dig-

ital twins, with more complex systems within the virtual environment. Additionally, more ad-

vanced and robust AI systems could be developed, AI that is more knowledgeable about the 

topics being addressed and capable of interacting with users in a more consistent and auton-

omous manner. 
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