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ABSTRACT: This paper refers to a research study developed within the framework of IN_LEARNING project aiming at the
development of an urban morphological description tool, through visual analysis methodologies based on Virtual Reality (V.R.)
technology. The research is based on two case studies selected in the framework of cultural landscapes such as historical
gardens in urban contexts – Rio de Janeiro’s Botanical Garden, Brazil and Cerco’s Garden in Mafra, Portugal. The
morphological description considers their historical, geographical and formal dimensions and it is based on the existing
bibliography and iconography complemented by field work.
The paper discusses the contribution of Virtual Reality to visual analysis and its capacity to support spatial descriptions.
The paper is divided into three parts. The first one introduces the two case studies: Rio de Janeiro’s Botanical Garden, Brazil
and Cerco’s Garden in Mafra, Portugal and the second one describes the methodological procedures applied and the main
tasks carried out. The third part, presents the case studies. Finally the potential of the proposed method for the spatial
description of urban environments is discussed.
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1 Introduction
This paper refers to a research study conducted in the context of In_learning project. The aim is to explore
interactive procedures of urban morphological description enabling: 1) a new approach to knowledge acquisition
and sharing; 2) the development of an active learning tool based on the observation, exploration and discovery of
the urban form.

A major part of the work is to develop a new approach to effectively integrate these strategies into forward
looking and reliable morphological descriptive tool. The ultimate goal is to develop a tool that is people-centred,
inclusive and development oriented.

It was intended to develop a comprehensive morphological description tool, capable of incorporating physical and
cultural features, by applying visual analysis methodologies based on Virtual Reality (VR).

The use of Virtual Reality technology has spread very quickly in the areas of architecture and urbanism, enabling
the creation and visualization of stereoscopic images as well as the interactive manipulation of virtual models,
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and making it easier to conduct experiments in unconventional collaborative and sharing information
environments.

These advances can lead the research in the field of morphological studies for new directions, emphasizing the
use of new technological tools and providing new developments in the descriptive process (Ferreira, 2004). As
Malik, et al (1998) advocates: “The degree to which VWH sites will succeed depends on: (a) the matrix that is
used to create/describe the spaces, (b) the manner in which the matrix is represented in the human-computer
interface, and (c) the extent to which the matrix is dynamically meaningful to users.”

The historic garden in urban context was selected as the object of study. Regarded as a heritage resource,
framed by the concept of cultural landscape, its morphological description is justified both by its cultural
significance as an expression of a man-made environment, historically produced, and in its relevance for the
understanding and significance of the city. According to the Florence Charter, article 25 (ICOMOS, 1982)
"interest in historic gardens should be stimulated by every kind of activity capable of emphasizing their true value
of the part of the patrimony and making for improved knowledge and appreciation of them". Explicit in this
statement is the need of developing efficient and useful procedures of data collection, analysis and evaluation.

The purpose of the morphological description applied to the study of historic gardens is not just establish by their
spatial characteristics, but also reveal its cultural value as well as improve the legibility of their spatial layout.
Rather than seeking to reconstruct its spatial form, it becomes essential to reveal the limits of existing materials,
spreading and giving it new values in order to dialogue with the past and promote its appropriation and
reinterpretation. As Mudur et al (1999) regards there is an absolute need to preserve and catalog these assets for
future study and memory “right from the beginning of the first civilizations, documentation of events, religion,
culture and significant structures has been of utmost importance for further study and preservation.”

The aim is to develop a virtual catalog for Web and multimedia, through panoramic 360º based on two case
studies: the Botanical Garden of Rio de Janeiro, Brazil, and the Cerco's Garden in Mafra, Portugal.
Virtual Reality (VR), through 360° panoramic views, allows "virtual" access to the case studies and provides an
interaction with various applications by presenting a great potential to be exploited in the process of
morphological description. It can also be applied as a three-dimensional description device to record, read and
interpret the existing urban fabric. “Virtualized' architectural heritage offers the research community and greater
public the possibility to quickly and accurately document our past for future generations.” (Alonzo, et al: 1998).

The paper is divided into three parts. The first one introduces the two case studies: Rio de Janeiro’s Botanical
Garden, Brazil and Cerco’s Garden in Mafra, Portugal and the second one describes the methodological
procedures applied and the main tasks carried out. The third part, presents the case studies. Finally the potential
of the proposed method for the spatial description of urban environments is discussed.
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2 A brief historic introduction of the case studies
The Botanical Garden of Rio de Janeiro (JBRJ) is located in the Botanical Garden sector of Rio de Janeiro. It is
one of the city’s most visited historical attractions; it also works as educational tool regarding the Brazilian
biodiversity (Koatz, 2006). It was designed in the beginning of the 19th Century after the arrival of the Portuguese
Royal family in 1808, following the interest of King João VI to natural resources and a new perception in the art of
landscaping (Terra, 2008). The current collection comprises various species and presents a range of
environments consisting of fountains, statues, ponds and pergolas around the park. The access is public and
offers extensive information on the botanical species, properly documented and descried about its origin, utilities
and curiosities. The scientific collections of JBRJ contain specimens of plants domesticated by man, medicinal
plants, fruit trees, wild plants, often unknown to the general public, ornamental plants of rare beauty and
endangered species.

The Cerco’s garden (JC) is located in the metropolitan area of Lisbon, in the municipalty of Matra. It was built
between Mafra’s, palace-monastery the largest baroque building in the country and Mafra’s Park, the largest
national walled park. This garden has the unique potential to combine architectural and landscape values
together with a strong cultural statement of the baroque era in Portugal. As a baroque garden, the succession of
fountains and lakes stand out, as well as the wide paths encouraging visitors to a contemplative attitude.

Figure 1. 360° Panoramic of Jardim Botânico in Rio de Janeiro – Main Access

Figure 2. 360° Panoramic of Jardim do Cerco in Mafra – Main Access

3 The methodological procedures
The methodological procedures were structured into five sequential stages. Each stage involved a group of
activities and tasks to be undertaken, as well as an analysis of the procedures to be applied.
3.1 First Stage
The first stage involved the collection of information - raw data - concerning the case studies. A variety of
bibliographic sources, as well as historical iconography, blueprints and aero-photogrammetric were consulted
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and compiled. The collection of raw data constitutes a fundamental tool for preparing the morphological
description of the two spaces.
3.2 Second Stage
The second stage considered the field work performed in Rio de Janeiro (Fig. 3a)) during the first semester of the
academic year 2010/2011 and in Mafra (Fig. 3b)) during the second semester of the academic year 2010/2011.
The field work included site visits, interviews with stakeholders and researchers, as well as visitors of these
spaces, in order to develop a database with information and images to support the primary sources analyzed.

Figure 3. a) Map of Jardim Botânico in Rio de Janeiro b) Map of Jardim do Cerco in Mafra
3.3 Third Stage
The third stage was concerned with the study of the visual analysis system requirements, based on Virtual
Reality (VR) technology, using panoramas of the Botanical Garden of Rio de Janeiro and the Cerco’s Garden of
Mafra. This system provides the basic resources to process the results developed in Windows environment,
since it covers a larger number of users. The applications were applied through a multimedia application to
generate hypertext, images and panoramas (with the possibility to change viewing angles in real time in any axis
x, y, z). In addition to these functionalities, high quality and realistic panoramas were generated using various
peripheral interface devices such as joystick. Additional new features, like sound, smell or a virtual presenter can
be later added.

Initially, the possibility to visualize the panoramic views in a Digital Cave1 (Cave Automatic Virtual Environment),
with the help of the Ogre (Open Source 3D Graphics Engine), which operates with different systems: Windows,
OS X, Linux was considered. The visualization of each case study by small groups of guests/visitors (e.g.
researchers, students) would occur at scheduled periods. The goal was to generate an active learning process by
fostering both the visitor contact with information concerning the morphological features and historical events of
the site, and its sensory immersion, i.e. the experience of entering into the three-dimensional environment, and
being intellectually stimulated by it.
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However, a cost benefit analysis has demonstrated this solution would imply substantial financial resources (in
the rental or purchase of the Digital Cave) and time (schedule adjustments between multimedia and Ogre
applications, fine-tuning of design and logistics for project implementation).

Figure 4. Digital Cave of USP/POLI/LSI
After reassessing the proposal it was decided to apply another system to visualize the case studies: through a
PC or a notebook screen (not stereo), on- and offline (media), using the Windows system with minimal
configuration of Windows 98, 333 MHz Intel / AMD processor, 128 MB RAM, 50MB available hard drive space,
CD-ROM drive, Video display capable of 800x600 pixels with 16 bit colors or higher and Mac. However these
technical requirements have limited processing capacity related to graphic details.
3.4 Fourth Stage
The fourth stage was focused on the digital photographic recording. The techniques applied to build the
interactive panoramas follow the evolution of analogical to digital photography and the subsequent development
of manipulation softwares. This has allowed both the individual visualization of panorama views and the
navigation between different panorama views through hotspot systems, i.e. the interconnection between two
panorama views. For the creation and display of this type of image, it was possible to apply specific applications,
such as 3D Studio Viz v-1.8, Realviz Stiler, QuickTime VR (Virtual Reality), Factory, Vr Worx 2.0 and Pixia Pro,
among others.

The techniques applied to perform panoramic and virtual walkthrough are user friendly, being easily handled with
accuracy and interactivity by non-experts users. The virtual walkthroughs, which are displayed in the
Visualization Room, digital Cave or even the Internet (with the help of a browser and a plug-in PC) also enable an
accurate visualization and understanding of space promoting the knowledge sharing and the discussion of ideas.

The technique for performing panoramic views is low cost, requiring a minimum of a digital camera (if possible
with memory card and USB cable for export of image files to a PC), a tripod and a computer. According to Rigg
(2005) a panoramic is defined as an image, which provides an elongated field of view larger than what can be
seen, presenting the image behind the observer.

The recorded material was organized in individual folders with their respective files with different extensions, such
as: psd, jpg, tif, Tga, Png, in accordance with the proposed use. The photographic process was carried out with a
camera (SLR, Nikon 90D and a SONY DSLRα100) and with the support of two semi-professional tripods.
Different sites were chosen based on the research carried out in the first stage and the second stage
observations. For each panoramic the equipment was positioned at a specific chosen point, in which the camera
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is on the tripod and rotated around its axis, generating several images, which subsequently will be visualize
together, in a large angle then the portrayed and generated a panoramic with an angle up to 360° (Fig. 5).

Figure 5. The principle of an infinite presentation of a circular panoramic
The digital photographic images (Fig. 6) are fixed according to the different perspectives contained in each of the
images within the same sequence. Next, they are stitched together and rendered. Later on, a file with the
extension ".jpg" is generated.
Planned Images and ".mov", as well as interactive 360° (or different angles) panoramas can be visualized with
Quick Time VR (which is based on Apple QuickTime), featuring a series of codec which form a ISO standard
library for exhibition and production of digital video files and panorama view across multiple platforms (Macintosh,
Windows and UNIX).

Figure 6. Linear presentation of a circular panoramic
All the processed material can be used to make a Virtual Walktrough using Multimedia (trough CD-ROM and
DVD), kiosks and the Internet. They can also be printed or used in publications together with the data surveys,
held on the first stage, as well as information about Virtual Reality (VR) the technology. The Figures 7 to 9
illustrate 360° Planned Panorama views of the Cerco’s Garden and the Rio de Janeiro Botanical Garden (Figures
10 to 12).

Figure 7. Planned 360º Panoramic of the Cerco’s Garden – Central Fountain
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Figure 8. Planned 360º Panoramic of the Cerco’s Garden – Landscaping composition with flowerbeds and
fountain

Figure 9. Planned 360º Panoramic of the Cerco’s Garden – Kindergarten

Figure 10. Planned 360º Panoramic of the Botanical Garden – Entrance

Figure 11. Planned 360º Panoramic of the Botanical Garden – Cactus

Figure 12. Planned 360º Panoramic of the Botanical Garden – Greenhouse
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Since, the process described includes the real images without photographic treatment, lighting, color or texture
features were not changed in the panoramic.
3.5 Fifth Stage
The fifth stage considers the development of the Multimedia (offline) using the Adobe Director Mx application. At
this stage it was intended to use the versatility of this application to create a multimedia, self-executable, loaded
with the virtual walkthrough using the panorama views performed in the previous stage plus a series of hypertext
and interactive photos. The in-Learning project portal includes an interactive multimedia with a virtual
walkthrough, developed with Adobe Macromedia Dreamweaver.

4 The potential of the proposed method for the morphological description
This study shows that RV can be applied as a tool for morphological description and will be aggregated under the
IN_LEARNING project.
The Virtual reality technology allows the construction of three-dimensional visualizations which simultaneously
integrates a variety of data and images in an environment of digital and cultural inclusion, facilitating the
acquisition and transmission of knowledge in the field of urban morphology.
By exceeding the space-time limits, virtual environments make possible the exploration of urban form, acting as a
kind of "time machine" (Dainese et al 2003). Besides, it offers the possibility of analyzing a site from different
angles promoting the understanding of its morphological features. By facilitating the knowledge acquisition and
sharing about urban form, the use of virtual reality contributes to the recovery of its memory, while acting as a
tool for active learning. As such, virtual reality can be an instrument of great effectiveness. As in many other
areas, innovation does not necessarily mean replacing the old and the new, Virtual Reality as a new form of
morphological description, will not replace existing technologies, but rather complement them (Campos and
Sampaio 2005).
Moreover, the integration of Virtual Environments within the urban morphological description enables
fundamental changes in work processes, allowing the researcher immersion and direct interaction with the urban
environment under analysis (Nogueira, 2008).
Thus, it is proposed the development of a (mobile) visualization room with stereovision. This room consists on a
stereo front projection screen, two projectors, polarizing filters, glasses for stereo visualization, sound system,
peripherals and a PC or laptop with graphics drivers similar to those for computer games, installed in an
auditorium or a room with possibility of complete darkness. It can promote the development of an efficient
learning tool, enabling the view of the selected sites, through multimedia images, hypertexts and others. In
comparison with the digital cave, the viewing room is not only a more economical solution but also highly
efficient.

5 Final remarks
"A historic garden is an architectural and horticultural composition of interest to the public from the historical or
artistic point of view". As such, it is to be considered as a monument. (art.1). (...)As a monument, the historic
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garden must be preserved in accordance with the spirit of the Venice Charter. (art.3) (...)The term "historic
garden" is equally applicable to small gardens and to large parks, whether formal or "landscape". (Art. 6).
HISTORIC GARDENS (The Florence Charter - 1982)
Both the Cerco’s Garden and the Rio de Janeiro Botanical Garden are exceptional sites, combining natural and
built elements and performing an important and recognized heritage value.
Whereas the role of cultural heritage is to be constructive (Choay 2001), it becomes essential to engage with the
past through its appropriation and reinterpretation. In this sense, the present study should be further developed
and enhanced to become an effective learning tool., thus supporting cultural heritage preservation and memory.
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1

The Digital Cave has projections in all its walls, which are actually projection screens. A computer set (cluster) provides the

images projected on each screen, creating a virtual harmonic environment. The projected images are in a stereoscopic format
and are displayed in an alternating fast pattern. The users have glasses with shutters, which open and close in sync with the
alternating images, giving the user the illusion of depth. Tracking mechanisms associated to the glasses tell the computer how
to adjust the projected images as you walk within the cave. Typically, the users carry a driver device to interact with virtual
objects or navigate through parts of the environment. More than one user can be in the CAVE at the same time, although only
the user who is wearing the tracking device is able to adjust the point of view: all other users will be passive observers. The
user has a wide field of view, in real scale, something that would be impossible to view with the screens.

