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ABSTRACT 

 
The paper shows results from the project to develop virtual reality as a tool to assist the LABGENE project 

(Laboratory of Generation of Electric Nuclear Energy), which consists of the construction of the prototype 

onshore of the Brazilian nuclear propulsion submarine (SN-BR), with the objective of Simulate situations and 

activities pertinent to it. Due to the complexity of the physical structure of LABGENE, it is necessary to 

implement a tool that facilitates the visualization of the project, in order to assist in the elaboration and 

definition of access for inspection in service, maintenance access, equipment removal routes, procedures for 

electromechanical assemblies and for equipment shifts during the exchange of nuclear fuel. To create the virtual 

environment, game development software is used that allows the export of the 3D project modeled in PDMS 

(Plant Design Management System) and virtual reality glasses (Oculus Rift) as interface between the user and 

the operating system. This environment allows the total immersion of the user that starts to take a more 

comprehensive view of the project. This visualization of the project is that it achieves the objectives listed 

above. 

 

1. INTRODUCTION 

 

The cost of deploying Virtual Reality (VR) technology has remained prohibitive for many 

years, even though the technology has existed for more than two decades. The technological 

advancement and growth of the computer industry has made VR cease to be feasible only for 

large companies and research institutions.  Nowadays, it is possible to find low-cost software 

and hardware for the development of applications based on this technology, which allows 

simulating real situations in a computer, and can lead the user to the sensation of being 

somewhere else [Machado, 1995]. 

 

Many companies have adopted RV as a more effective way to sell their products, validate 

their prototypes and train / teach their employees or, in the case of educational institutions, 

their students. It can be said that RV technology currently offers a financially accessible 

option for solving various problems, within the reach of companies and institutions. 
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The accelerated technological development observed since the end of the eighties has caused 

a series of changes in relations between nations, in terms political, social or economic. 

Among these changes, perhaps the most important is the globalization of the economy on a 

world scale, with the fall of trade barriers between nations, which aims to allow easy access 

of companies from all over the globe to national markets. This has led to a drastic increase in 

the level of competition in these markets, which until recently were captive to "domestic 

companies". Thus, companies need to increase their competitiveness to face the new 

competitors that come to compete for their share of the market. This implies a total 

remodeling of production systems, from the replacement of obsolete and low-productivity 

equipment to more modern and productive ones, through the restructuring of factory layouts 

and the flow of parts on the factory floor, to improve product quality and shorten their 

manufacturing time and expense with raw material. On the other hand, the sophistication of 

the current equipment requires better qualified and more specialized labor, which puts in 

check the traditional methods of teaching and training, since it is necessary to transfer a 

greater amount of more complex knowledge, more efficiently. Looking for new ways to 

obtain this organizational improvement of the companies and to promote the modernization 

of the productive system, some researchers are proposing the use of software based on RV for 

equipment simulation, training of employees, validation of production planning, visualization 

of factory layouts and Product prototyping [McCarty, 1994; Moshell, 1994; Owen, 1995; 

Ressler, 1997]. Several authors report applications of VR in teaching and training, proving 

the efficiency of this technology for this purpose [Jacobson, 1993; Loftin, 1995; Rosenblum, 

1995]. RV environments development software allows to model machinery, vehicles and 

devices, and simulate the actual behavior of the equipment. This can save money and 

development cycles, and enable training and validation sessions with the virtual product. 

 

The advance of research in the area has enabled the implementation of this technology in 

areas such as construction, aerospace, automotive and others. This technology today is 

extremely widespread and proving essential in reducing costs in project implementation and 

contributing directly to the testing and simulation phase. 

 

2. OBJECTIVE 

 

This paper aims is to demonstrate how the Navy Technological Center in São Paulo 

(CTMSP) uses virtual reality as an aid in the development of the Laboratory of Generation of 

Electric Power Nucleus (LABGENE). 

 

The constant increase of the requirements adopted in nuclear plant projects and the difficulty 

found to develop an arrangement that meets the needs of accesses for inspection in service 

and withdrawal of equipment for maintenance and exchange of fuel, motivated the 

development of virtual reality as a tool to help to overcome some difficulties encountered. 

The virtual reality is being used by LABGENE as an important visualization tool of the plant 

during its design phase through immersion to the 3D environment, performed with virtual 

reality glasses (fig.1). Next, we will see the tools and the methodology adopted to enable its 

use in order to facilitate the decision of important factors such as layout of equipment and 

pipes, accessibility and ergonomics. 
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3. METHODOLOGY  

 

The Virtual Reality(VR)  is an interface technology capable of deceiving the senses of a user, 

through a virtual environment, created from a computer system. By inducing visual, sound 

and even tactile effects, virtual reality allows full immersion in a simulated environment, with 

or without user interaction, based on stereoscopic displays such as glasses and headsets, and 

is mostly disclosed for entertainment purposes. One of the foundations of the visual illusion 

of a new reality is to forge the current. For this, a simple flat image before our eyes is not 

enough. It could simply be viewed as false. 

 

The technology that first began with photos today is used in movies and computer-generated 

three-dimensional environments, current technologies such as the Rift Glasses (fig.1), allow 

such a rapid interpolation between images, in which the 3D effect can be considered realistic 

enough to deceive the human brain. The major highlight of these modern glasses is the ability 

to interact in sync with the user's head movement. 

 

Although not seen, the latest innovation in state-of-the-art virtual reality devices lies in rapid 

image processing and lens distortion correction, all concealed on layers of drivers and real-

time execution software. 

 

 
Figure 1- Ocullus Rift 

 

 
Figure 2-Example of Simulation in Arcade Environment. 
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Figure 3-Example of Simulation in RV Environment 

 

With the advancement of technology focused on Virtual Reality, immersion in games became 

much bigger, allowing a better interaction between player / observer and universe and this 

also allowed a great graphic advance in games, allowing a "realism" in the digital world . Due 

to this "realism", which came to be more present in the games (not just graphically now) gave 

the possibility and two genres of games: Arcades (fig.2) and Simulators (fig.3). Arcades are 

characterized by a much simpler gameplay, that is, mechanically their learning curve is easier 

to learn and understand, such as Call of Duty, a First Person Shooter focused on showing the 

rise of the American republican hero. In addition, Arcades are characteristic for giving the 

player rewards (being gold, bonus, experience, achievements) by performing the quests and 

challenges throughout the gameplay. Simulators, unlike the Arcs, have a much more complex 

gameplay, that is, their learning curve is much slower and more difficult, taking the player to 

the "stress factor", increased even more due to the "realism" present in the game, Being 

characterized by the presence of physics, fire power that directly reflects damage to the 

player, survival factor, etc. 

 

The introduction of RV in games has become more common over the decades, as this allows 

the player to have a greater immersion in the flow of the game and have a greater Game 

Experience, also providing a greater interaction of the player with the universe about the 

game. The technological advancement of Virtual Reality has allowed it to be used in other 

fields, in addition to the "fun" aspect, such as research / development of studies, operational / 

simulation work and training tool and even for medicinal purposes and treatments 

 

The RV technology has as main object to make with which the observer has a better and 

greater immersion in the universe that is being inserted, being able to thus have more 

advantageous experience. This technology was first introduced in the world of video games, 

allowing the player to have a longer learning curve, a greater immersion in the world and a 

better Game Experience.  With the increase of this technology and its development in the 

"realistic" factor, the use of the same happened to be focused in other areas (that until then 

had main focus in the virtual world of videogames) like medicine, base of research, training 

(mainly military), etc. 

 

It can provide a better work income and get a better view of the project and future risks and 

problems that may occur throughout the research and development.  The work carried out by 

the CTMSP can be divided into three main parts, in which all of them are based on the use of 
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Rift Glasses and Virtual Reality to achieve better results and thus achieve the goal of 

development with better effectiveness, these being Parts: 

 

1. Facilitate the electromechanical assembly including Ergonomic aspects, 

2. Assistance and development aspects to inspection and maintenance in service of 

equipment and piping, and; 

3. Operational Training 

 

4. MATERIALS AND METHODS  

 

The tools used throughout the development process are the software Autodesk Maya 2016 

and Unity 3D. Autodesk Maya is an art software focused on 3D art and can be divided into 4 

main areas of development: modeling, texturing, rigging and 3D animation. Modeling is the 

first step in initializing the project, in which the artist will manipulate or modify simple 

geometric shapes to obtain the expected result. Unity 3D is software focused on 

programming, in which after the combination of codes and the whole 3D scope, a build is 

generated (file responsible for making the game work in the machine) in which the work can 

be tested and analyzed. 

 

4.1. Modeling 3D ambiance using the Autodesk Maya engine (2016): 

 

In order to reproduce in a virtual environment with the highest fidelity, the electromechanical 

design of LABGENE was modeled the equipment, piping, mechanical and electrical part, in 

sequence to improve parameters such as costs, decision processes, project implementation 

and ergonomics. This entire environment is being used to study the maintenance and 

development of LABGENE, and that will later be used as a training tool for equipment use, 

maintenance and simulation testing. 

 

The tools of Maya can be divided into positioning and deformation, in which worked in 

harmony give the modeler a better result. The positioning tools are responsible for moving 

the object in the scene, such as: Move Tool (shortcut key W, responsible for moving the obj), 

Rotate Tool (shortcut key E, responsible for rotating obj) and Scale Tool ( Shortcut key R, 

responsible for changing the scale of obj). Already the deformation tools are used to deform 

the object causing it to present another visual. (fig.4). 

 

An object, within the 3D scope, can be analyzed from 3 main points of the same: Vertex 

(vertices), Edges (edges or lines) and Face. Each of them gives a better vision and positioning 

of what the modeler wants done, always being analyzed from the minor (vertex) to the May 

(face). 

4.2. Implementation of the 3D models in the Unity 3D engine: 

 

After modeling and adapting all the ambiance of part of the project in Maya, the next task 

was to reproduce this ambiance in Unity, being this, to simulate a small gameplay, assigning 

collision, first-person view, animation and equipment movement (such as Change of  nuclear 

fuel), to give a greater sense of "reality" within the Oculus Rift (fig.5). 
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Figure 4-Examples of Maya’s Tools 

 

 
Figure 5-- Interface 3D Unity  

 

Within the 3D scenario, there are two types of objects that the modeler can work on: low poly 

models and high poly models. Low poly models are, as the name says, models with few 

polygons, keeping only their basic shape and giving the general idea of what such a model is. 

The high poly models, however, are models that have a number of polygons much larger than 
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the low poly and have a much greater detail. The methodology of this work is divided into 3 

parts: 

  

 Observation - Upon receiving the complete model and positioning it properly, I begin to 

observe the object as a whole, studying and understanding what the model itself is, and 

already analyzing the possible solutions of how to start the process of "low polization". 

 Modeling - already having the scenario / model analyzed and properly understood, I begin 

the process of separation, that is, I divide the model into blocks in which these blocks have 

similar aspects to be able to have a reuse of the material and streamline the process. To 

maintain the exact proportion of the model, I usually model over the original model, that 

is, I use the original model (high poly) as a base to remodel, but leaving low poly. 

 Finishing - After completing the entire low-polishing process of the 3D model, It is 

positioned the blocks properly in their place and thus give a final finish, checking if 

something is incorrect or without a correct finish (based on the original model high poly ). 

 

Figures 6,7,8,0 and 10 shows the process step by step. After the study of the work as a whole, 

making each part in its proper order and time, the results obtained are quite satisfactory, 

because It is possible to get a result of the original model, leaving it with a finish done well 

and visually flashy and "realistic" , providing much greater immersion in the universe 

proposed by Virtual Reality. 

 

 
Figure 6—Model Vision in 3D  

 

  
Figure 7—Model Low Poly based in Original Model (hugh poly)  
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Figure 8—Model Low Poly already finalized  

 

 
Figure 9—Model Low Poly already finalized with texture 

 

 
Figure 10—Project in final stage for use in RV 
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5. CONCLUSION 

 

The virtual reality(VR) is an area still in development, which is currently exploited to a large 

extent for the development of games, which has finally opened windows of opportunities for 

other functionality such as development engineering, architecture, ergonomics, Study, 

operational training, medicine, education, etc. Soon there is a vast market still to be explored. 

 

Nowadays, the importance of virtual reality is high for LABGENE, which uses it as a safe 

and economical way to correct future problems related to ergonomics, design of components 

and structuring of the intended maintenance, being able to have access to characteristics such 

as space sensation, difficulties of access Among others, before the construction of a model, 

saving financial and human resources. The case referred to that refers to the modeling of the 

pressure vessels was executed successfully, being able to verify the minimum details of the 

project in an immersive reality with ocullus rift. 

 

As it is a project with a high degree of confidentiality, some information was concealed or 

modified for publication of the present study, emphasizing the use and application of the 

virtual reality tools within the scope of the LABGENE project. 
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