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ABSTRACT 

Virtual Reality is essentially considered a visualization technology, it is used in the most diverse research 

fields and in the last years it has generated a lot of enthusiasm in the technological world market. Derived 

from its access to the masses at an affordable cost, boosted by the world of video games and new mobile 

technologies, where the constant development of more powerful and optimized hardware, as well as the 

new environments of simulation engines more accessible to creators, has revitalized a technology in which 

the potential has been increasing, giving new experiences to a growing number of users who are 

increasingly looking for more intensity, more realism, something that impacts the environment they are 

experiencing. The great value of using virtual reality in architecture is that it allows the user to walk through 

a simulated environment by experiencing it, but more than simply a simple architectural visualization it is 

necessary to immerse the user in a way that he can experience it and interpret it for the purposes that this 

was created. All the complex two-dimensional and three-dimensional architectural information is 

embedded in these environments being easily perceptible and providing a set of sensations that help the 

easy interpretation and experience of the space created, testing, evaluating and understanding it in the 

most reliable way possible. In a virtual environment, a set of sensory impressions are generated that are 

transmitted to the users. The quality and type of these characteristics determine the level of immersion and 

the sensation of presence in the virtual reality system. 

The focus of this project was on the development of an interactive virtual visit to the headquarters and 

outdoor amphitheater of the Calouste Gulbenkian Foundation.  

 

KEYWORDS: Virtual Reality, Virtual Tour, Immersion, Calouste Gulbenkian Foundation, Three-

Dimensional Modeling, Real Time  

 

1. INTRODUCTION 

This dissertation describes the work developed during the summer internship program, organized by INESC-

ID, under the theme "Game Development; Serious Games; Simulations and Modeling; Interfaces; Virtual 

Reality and Computer "in July-August 2013. In this context, a working group of four IST students from the 

Computer Engineering and Architecture areas was created, which developed the work entitled 

"GULBENKIEN IMMERSIVE TOUR". This was aimed at creating a virtual visit to the space of the Calouste 

Gulbenkian Foundation, a case study chosen for its environment to be sensorially very stimulating. Using 

the implementation and use of virtual visualization and modeling programs, it was intended to obtain an 

immersive experience as reliable as possible. Through interest in creating a three-dimensional model of the 

place, for the summer stage also appeared the personal interest in exploring the potentialities of the new 

graphic motors, in concrete of the Unity3D testing in a practical application of the tool. 

For this reason, the theme "Virtual Tour at the Calouste Gulbenkian Foundation - for a sensorial 

interpretation of the built space" was chosen, which proposed to recreate remarkable spaces of the 

Gulbenkian Space and that in some way would arouse innumerable sensations familiar to the users who 

regularly live and explore it. 
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2. OBJECTIVES, METHODOLOGY AND ORGANIZATION 

The focus of this project was the development of an interactive virtual visit to the headquarters of the Calouste 

Gulbenkian Foundation.  

The virtual tour had as objective to evaluate the sensorial impact of architectural elements and natural elements 

reason why the parallelism between reality and virtual reality as well as the degree of immersiveness constituted 

elements of extreme importance. In a succinct way, the following steps can be enumerated in the following way: 

1)Development and integration of the Gulbenkien 3D model;  2) Develop navigation mechanisms in the model; 3) 

Development of sound environment; 4) Integration of immersion glasses; 5) Development of menus and visual 

cues; 6) Integration with interaction device; 7) User testing.  

As a consequence of these phases, the question arose of the many possible uses that the three-dimensional 

model would have during the research phases, both in this particular work and in others that could complement 

it with other laboratory immersive techniques, making the model the central point, the basis for all such 

investigations.  The objective of this dissertation was to create a three-dimensional model in the exploration of 

immersive techniques such as the use of spatial sound, the use of immersion glasses and some visual effects and 

the development of a support for navigation in the virtual world. 

To fulfill the proposed objectives, a structured plan was drawn up in order to address the essential points, 

as well as to systematize the information on the work process to be carried out. In this way, the following 

methodology was chosen: 

 Perform a survey of the state of the art of immersive virtual reality systems, 

 Show how virtual reality can have a role to play in the most diverse areas, considering practical cases 

and some examples of application of Virtual Reality to Architecture. 

 Conduct several surveys, technical and empirical, which involve making several visits to the site, 

performing the route defined for the virtual trip in the Gulbenkian space and analyzing each point that 

may be of interest to develop in a virtual environment. 

 Develop the construction of a three-dimensional model to be used as a virtual reality environment, to 

investigate the potentialities and limitations of this technology.  

 To create this virtual reality environment, develop a modeling methodology that was divided into 

three stages: 1) survey of the object of study; 2) creation of the optimized three-dimensional model; 3) 

qualitative and quantitative construction and optimization of the virtual environment. 

 Test the developed environment and all its components, to record the performance of the 

independent tests, and to check the results obtained to ascertain: 1) the quality of the model, 2) the 

effectiveness of the environment, 3) the validation of the experiment sensory. 

 

3. EVOLUTION OF VIRTUAL REALITY 

It all began in 1838, with Charles Wheatstone, who through stereoscopic photos and glasses helped the 

brain processes the different two-dimensional images of each eye in a three-dimensional object. A century 



 

3 

later, in 1929, Edward Link created the "Link Trainer". It was considered as the first commercial flight 

simulator, completely electromechanical. This simulator turned out to be the safest way to train pilots in 

World War II. In the mid-1950s, director of photography Morton Heilig developed Sensorama (patented in 

1962). This device corresponded to a cabin that would stimulate all the senses. In the 1960s Ivan Sutherland 

was the most outstanding personality derived from the development of The Ultimate Display in 1965 and 

the Sword of Damocles in 1968. He tried to develop the concept of simulating reality to the point of not 

being able to distinguish it from virtual reality and that it consisted of a world virtual camera viewed 

through an HMD (Head Mounted Display) with 3D sound and tactile feedback. It gave users the ability to 

interact with objects in the world. This system has become a central model for concepts encompassing 

immersive Virtual Reality today. In the 1970s, GROPE stood out in 1971, which was the first prototype of a 

force feedback system, and VIDEOPLACE, this artificial reality defined as "a conceptual environment, 

without existence". A project allowed users to design, play games, and experience graphical effects through 

sensors. In the 1980s, devices were created with the aim of capturing all human body movements, such as 

the DataGlove and DataDuit created by the VPL company in 1985 and 1989 respectively. He also created 

the Eyephone which consisted of an HMD which, by controlling the movements of the head, made the 

virtual experience more emersive. One of the most interesting projects of the 1980s was the Walkthrough 

Project in 1985. The goal of the Walkthrough Project was to create interactive computer graphics systems 

that allow a user to navigate a virtual architectural model by simulating a walk. On the same basis of work, 

other complementary systems were created, in which the long-term objective would be to develop a 

personal and portable visualization system, allowing users to interact with models of high complexity, 

receiving realistic and proprioceptive feedback. In the 1990s came CAVE, a virtual reality and visualization 

system in which stereoscopic images are projected on the walls of a room. This approach ensures superior 

image quality and resolution and a broader field of view compared to HMD-based systems. After a 

slowdown in the development of virtual reality devices, here comes the OCULUS RFIT created by Palmer 

Luckey in 2012. This device led the way of the current era in the development of virtual reality and breathed 

new life into this promising futuristic technology. (Mandal, 2013) (Mazuryk, 1999). 

 

4. STRUCTURE AND KEY CONCEPTS OF A VIRTUAL ENVIRONMENT 

Virtual reality brings together three domains: the machine, the virtual environment, and the user. In this 

way, a medium is created that projects a world in which man interacts. Each of the three domains has its 

function and they are all connected. The machine allows the virtual environment and the user to interact 

and within that interaction, several behaviors can be designed or modeled. According to the structuring and 

fundamental elements for the construction of a virtual environment are the following (Wu, 2006):  

1) Interface (the machine) can be executed in a variety of ways. It aims to connect one user or several with 

one another, without having to involve a very advanced technology. The computer system is characterized 

by: Virtual world; Processor (computer or mobile device); Simulation engine (software); Graphics card 

(graphic processing component); Various peripherals (interfaces); INPUTS of the real user (action); OUTPUT 

of the virtual user (sensory feedback) (Halarnkar, 2012) 
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2) Modeling (the virtual world) that we can characterize it in two different ways: the modeling of the object 

and the modeling of the virtual environment. The object modeling corresponds to the mathematical 

representations of the objects that we want to imitate or simulate, defined through operations of Boolean 

solids or through algorithms for this purpose. Virtual environment modeling includes several processes that 

simulate how users and the environment interact with one another. 

3) Representation (the virtual scenario) of virtual environments can be visual or non-visual or the 

combination of the two. 

4) Interactivity, which can be defined as the actions / instructions that the user has available within the 

environment / system. In this scope, we have two types of interactivity: one of the Man-Machine 

relationship; another according to sensory action. 

5) Sensory feedback is the sensory feedback that the user receives after performing a task or action; is a 

feature of interactivity. In a virtual reality environment, users get higher sensory feedback than in other 

technologies. This return is essential for virtual reality. 

6) Immersion is one of the most important characteristics of virtual reality, and we can define it as physical 

or mental. The user can explore and recognize the environment as the alternative or the present world 

from another point of view. The feeling of immersion, or of its presence in the world, can be either 

completely mental or physical or both. We can classify virtual reality systems by their degree of 

immersiveness (Wu, 2006) (Mandal, 2013): 

 Non-immersive, which are usually experienced with a computer, without recourse to any specific 

device, being able to easily execute several applications only through the computer. This level is also 

called the "Desktop VR Systems" where the user views the virtual environment through the monitor. It 

can interact but it is not immersed. The illusion of immersiveness lies in the composition of the 

software and its feedback to the user's actions. 

 Semi-Immersive, which are an improved version of the previous level. It has a locomotion and 

locomotion system, and can manipulate its geo-referencing with devices such as console commands. 

However, when it comes to viewing, they are still supported by screens or projectors with stereoscopic 

projection, where you use LCD glasses to create a three-dimensional world closer to the user. At this 

particular level, the modeling of the environment plays an important and fundamantal role for the 

illusion of immersiveness, since the user can navigate within the virtual environment which provides a 

somewhat higher level of immersiveness. 

  Immersive (Immersive Neural Immersivity), where the user is completely immersed in the virtual 

environment, with the aid of an HMD helmet which transmits a stereoscopic vision according to its 

position and orientation. These systems can be enhanced through auditory, haptic and other sensory 

interactions. This level of virtual reality represents total immersiveness. It realizes the great objective 

or concept of virtual reality, where the virtual environment is in symbiosis with the human mind. 

Physical immersiveness fades as you project the user's consciousness into the virtual world, and the 

same world projects itself sensory and directly into your brain. 
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In addition to the elements required to build a virtual environment, there are other important factors that 

are directly related to elements that were previously mentioned: 

 Realism - The simulation of realism is the main goal of virtual environments. It is a complex task since 

we want it to be as reliable as possible. However, it must be balanced with a workable solution so that 

a cost-effective solution can be created to existing means to be feasible and minimally credible 

 Image resolution - Sets the detail an image contains. The term applies to digital raster images, film 

images and other types. These computer-generated images are made up of pixels. The size and 

number of these vary according to the screen size and resolution. The higher the resolution, the more 

detail the image will have. 

 Frame rate - The rate at which images are displayed consecutively per second, and is expressed in 

frames per second (FPS). This is the unit of measure of any visual device, such as a video camera, a 

projector, a monitor, in computer graphics. The frame rate is expressed by the international unit Hertz 

(Hz) which means cycles per second. The main goal is to achieve a fast, fluid and continuous image 

cycle, where the oldest image is replaced by a new one at a high frequency. 

 Latency - is a crucial factor in the degree of realism and tolerance in the virtual world, as it can cause 

beyond the loss of connection with the environment, the user's indisposition, causing dizziness or even 

feeling sick. This factor has dramatic effects on the system being created, so one of the goals of each 

virtual reality setting is to keep latency as low as possible for maximum realism. 

 Navigation - involves the movement of the user and the user must be able to move and rotate the 

body and the vision Navigation tasks have two main components: Waypoint, which involves moving 

from the current location to the desired point; and Way-finding that refers to finding and establishing 

routes to choose the trip you want to make in the virtual environment. 

 

5.  THE CASE STUDY MODELLING PHASES 

The Calouste Gulbenkian Foundation is a Portuguese institution of private law and public utility, whose 

statutory purposes are Art, Beneficence, Science and Education. Designed by the architects Ruy Athouguia, 

Pedro Cid and Alberto Pessoa, were inaugurated in 1969. In addition to the areas reserved for 

administration and services, a large auditorium, spaces for temporary exhibitions, a congress area, with 

several auditoriums and rooms, and an own building that houses the Calouste Gulbenkian Museum, the 

Museum's educational services and the Art Library. The complex is surrounded by the Gulbenkian Park, 

designed by the landscape architects Viana Barreto and Ribeiro Telles. One of the characteristics that make 

the park space so special is the way it was designed at the architectural and landscape level, giving the 

visitor several sensorial stimuli, thus increasing the space between the visitor and the space itself.. 

Two notable, distinct and relevant points were selected for the research to be carried out: the Interior of 

the Headquarters Building and the Open Air Amphitheater 
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5.1 CREATION OF THE HEADQUARTERS ROUTE 

The modeling of the headquarters scenario began with the main building, which although not used in its 

entirety, was the reference used to create the different environments described earlier in the course. It is 

important to mention that the route does not only include the headquarters building but also all the space 

of transition to the large auditorium, with different levels of quota, these spaces being those that more 

impact the visitors. In spite of being a single scenario, a single course, it was necessary to deal with 

modeling always with three spaces in mind: the Entrance of the headquarters; the Atrium of the Great 

Auditorium and the Staircase. This gives access to the lower floor and to the remaining auditoriums. In 

addition to the spaces it was necessary to model the most striking objects of these spaces. From the 

modern furniture of the seat, to the imposing door handles of the main entrance, to the characteristic 

wooden false ceiling that runs all the space of the seat, to the sculpture of the cube that develops by the 

wall and that is of the most remarkable elements of the route.  

 

5.2 CREATION OF THE AMPHITHEATER ROUTE 

The modeling of this route contains four distinct spaces: the entrance of the Modern Art Center; the 

transition space between the Modern Art Center and the Amphitheater, and the open-air Amphitheater. 

The transition space between the MAC and the auditorium is a space, although small, very rich in details, 

with the architectural fountain and its various levels, the distant steps to the exit with MAC with a 

separated ramp with a wide wall and whose vision crash into a cube-shaped sculpture over the concrete 

slabs that run through the entire Gulbenkian garden. The cube acts as a reference point for the entrance to 

the Auditorium. Regarding the modeling of the amphitheater space, we can divide it into three structures: 

the support house and projection that is situated at the top of the benches, hidden inside the ground; the 

benches, and the stage with its metallic structure. The house of projection was relatively easy to perform, 

and countertops as well. Only one chair was modeled; the remainder was duplicated with different heights 

and orientations to minimize the impact on the performance of the model. The most challenging 

installation was the stage coverage, modeled based on proportions that had to be estimated by observation 

and by geometric references, such as the stage itself. 

 

6. "GULBENKIEN IMMERSIVE TOUR" 

From this point on, a more collaborative and multidisciplinary work began with the rest of the team in 

which the students, Luís Trigueiro, Manuel Almas and Edgar Santos, who had already started their work, but 

in parallel with the modeling, were developing the system that would give life to the simulation. Their work 

and collaboration were essential for the construction of this virtual world, because in addition to their own 

technical skills in the formation of each one, they went beyond helping the feedback they transmitted to 

me as I was building and exporting the model for the simulator. Although starting to import the models 

made so far, it was always necessary to return to the modeling program, to detail or simplify the models 

based on the results that were obtained, which is why the modeling task has been extended until the end. 
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Once the modeling of the vast majority of objects was finished, the virtual model was created in UNITY3D. 

In this phase, the following steps were carried out: Importation of the models; Placing of textures, 

vegetation, sounds and visual effects; Creation of collision plans; Creation of user navigation controls and 

their mapping; Connection to suggested peripherals, namely the Xbox console. 

 

6.1 TUTORIALS  

Prior to user testing, two scenarios and two small pre-navigation tutorials 

were created to help users use the Xbox controller so that scenarios, could 

navigate without any doubt or problem that would interfere with the 

immersive experience. The first tutorial is just to move the camera to 

overlap the center in red and numbered boxes until they turn green and 

follow the order of numbering until the end. The tutorial also contained 

information about the functions of the Xbox controller buttons. The second 

tutorial is dedicated to the movement of the body to overcome certain 

obstacles, the user having to deviate from objects that are ahead by 

following the green arrows that work as guides until you complete a defined 

path. After realizing the tutorials and after evaluating the performance of 

the user with the controller, the next step was testing the two scenarios 

 

6.2 VIRTUAL TOUR OF THE HEADQUARTERS 

 1  2  3 

 4  5  6 

 7  8  9 

 10 11 12 

 

 

Figure 1 – The two tutorial scenes. 

Figure 2 – Image sequence of the virtual tour of the headquartes. 
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The Headquarters of the Foundation is a horizontal modernist complex, sober in materials (consisting 

mainly of concrete), and opening, inside, for a diversity of uses. Although in the exterior this horizontality is 

well marked by its extension and the continuous facade elements, in the interior, and derived from the 

different uses of the Headquarters, this horizontality fades in different wide spaces of transition and of uses 

taking the user to different sensations at different levels. The user is faced with a symmetrical entrance of 

large dimensions, with several doors constituting a large atrium, where the concrete mixes with the wood 

in a perfect symbiosis between the natural and the man-made. The user is faced with a number of elements 

that have stood out since the entrance of the Headquarters, namely the Almada Negreiros panel, the 

bookstore counter and the staircase that gives access to Floor 1, which is banned from visitors. Passing the 

steps of ladder and going further inland, we enter the transition space marked by a sharp distinction of the 

right foot. Here the visitor, after traveling a wide space, enters a more contained dimension, an atrium 

space for the large auditorium and the museum. This space gains greater impact once it realizes the 

different levels created from the entrance of the seat to the underground space of the Floor -1 where the 

visual contact with the suspended garden is realized. The grand staircase leading to the lower level is 

flanked by an imposing concrete wall and a deconstructed sculpture that runs along the opposite wall from 

the interior to the exterior of the suspended garden. The images represented here intend to demonstrate 

the whole scenario described here. 

 

6.3 VIRTUAL TOUR OF THE AMPHITHEATER 

 

The route starts from the exit of the Center of Modern Art towards the amphitheater, as if it leaves a wide 

area and lurks to a new space that is located in a different dimension and surrounded by a lot of vegetation. 

The Amphitheater is a space that stands out for being mostly white, with brief notes in brown, museum 

spans, hexagonal benches and metallic shading profiles. It is flanked by a sculptural fountain with several 

 1 
 2 

 3 

 4  5  6 

 7  8  9 

Figure 3 - Image sequence of the virtual tour of the amphitheater. 
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levels that provides the tranquility of the sound of water. As the user progress, this wide space narrows, the 

view focuses on the sculpture of the cube and a covered walkway surrounded by vegetation. The user 

realizes that behind the shrubs and trees is a different space, an outdoor amphitheater, with a breadth of 

view to the benches that constitutes it with about 1059 seats. It is a space for seasonal shows during the 

spring and summer, but also for a reading break or a temporary rest. It continues down the stairs to the 

stage covered by a metallic cover, which conveys a sense of monumentality despite its slight supports. 

There is also the visual contact with the lake and its vegetation as well as with the lawn where many enjoy 

contemplating the lake. The vegetation that surrounds the space, becomes an important protection and a 

barrier to the surrounding. From the stage, it is clear that the Contemporary Art Center is behind, almost 

invisible. Here you can contemplate the lake and what lies beyond this: The Auditorium, the Museum and 

the lawn. 

 

7. CONCLUSIONS 

In conclusion, the research is developed through a series of steps to obtain an efficient real-time 

architectural reality environment. All these techniques were crucial in determining the best methods to 

adopt. Techniques such as the optimization of the faces of objects, objects with the minimum of possible 

faces, creation of instances, removal of invisible faces or light but detailed textures were essences to 

guarantee the efficiency of the environment, a fluid experience without compromising the framerate nor 

the quality of the model. In addition to counting polygons was taken into consideration other variables such 

as the type of lighting the number of lights, particle systems shaders, programming developed, collisions 

and audio. All these variables, despite influencing the performance of the visit, are the main components 

that allow improving the realism of the developed model, creating a more emersive environment. Despite 

the possible impact of these variables, it was not detected that they would impair the performance of the 

visit, unlike the hardware that when changing between the different workstations and exposition, it was 

verified to have a negative impact. In general, the perception of both spaces and the reception to the 

system used were extremely positive, all the participants managed to identify the respective spaces and the 

points of interest, the most interesting or the most striking, recognizing several similarities with reality, the 

enthusiasm and the curiosity in the users providing them with a good emersiva experience. Another 

important factor was the use of sound; it was perceptible to the astonishment of the users as they went 

through the space that the sound changed according to their position helping the different spaces change in 

each of the environments.It should be noted that this work stands out for its multidisciplinarity, both in the 

specifics of the development that the work requires for the representation of the virtual space, for the 

applied immersive techniques, as well as for its contextualization, identification and reflection of the data 

acquired, both physical and virtual space. Regarding the model, despite the best possible execution, there 

was still a lot of scope to evolve. For now, if you did another modeling of this kind would develop it using 

the BIM, not only creates the geometry but also associates data, information, geometric elements, having 

the potential to use that information and transfer it to virtual reality. 
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