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Abstract— This work presents our experience in using Virtual
Reality techniques to digitally reconstruct the downtown of S̃ao
Paulo city in the year of 1911. Particularly, the reconstruction
of old downtown São Paulo could bring relevant information
regarding its culture, history and economy. In order to achieve an
accurate 3D representation, the process was divided in phases to
better structure and fundament such development: historical data
gathering and analysis; 3D modeling and; interactive immersive
visualization. Due to the nature of this project, different people
from different areas of expertise were involved, working together
in a uni�ed development environment.

The design review process as well as the �nal immersive
visualization used the X3D standard, which allowed the same
environment for both programmers and architects. The X3D
choice provided means for remote 3D model validation by the
supervising historians and architects, speeding up the exchange of
ideas and improving collaboration for both teams of researchers.

Although VR tools and techniques are widely available at
present, there is still a gap between using the tools and really
taking advantage of VR in historic architectural reconstruction so
that users might immerse themselves into this world and thus be
able to consider various scenarios and possibilities that might lead
to new insightful inspiration. This is an ongoing process that we
think will increase and help current architectural development.
We have also faced problems for animating the X3D scene.
Animation conversion or creation was not a �uid process with
the modeling software and the X3D standard.

It is our opinion that the online design review has achieved
its objectives. However we identi�ed some features that would
improve collaboration such as digital 3D annotation and support
for online collaboration in current X3D browsers.

Index Terms— Virtual Reality, Immersive Environments, X3D,
Cultural Heritage, 3D Modeling, VRCluster

I. I NTRODUCTION

The architecture of the city of S̃ao Paulo is culturally rich and
full of insightful information. The rapid growth of its population
in the �rst decade of the twentieth century along with the
economical boom provided an interesting scenario for the city
dynamics. Current city planning and development can greatly
bene�t from the architectural studies of that time. However, the
quality of the available data as well as its visual quality iscertainly
not enough for an in-depth analysis by a team of architects and
engineers. Using a 3-dimensional representation of such data
and visualizing it in a VR environment could greatly improve
elucidation and understanding of the city's architecturaldesign
choices.

e-mail: mkzuffo@lsi.usp.br
e-mail: mcabral@lsi.usp.br

Although the Virtual Reality community have the expertise and
knowledge to provide an improved experience for such demand,
the users in our project domain (designers and architects) were
not familiar or do not knew how to effectively use or program
these tools. Moreover, its usability was not appealing enough for
non-experienced VR users.

In this context, our work tried to integrate both experienced
VR users and experts from other areas in order to create an
accurate 3D representation of downtown São Paulo. A simple
yet productive working environment provided both teams a fast
paced collaboration and interaction through out the development
cycle. The working process, divided in 3 phases (data gathering,
modeling and visualization), needed close collaboration with the
outside experts. This restriction imposed the use of 3D collab-
oration standards available for both worlds: an experienced VR
laboratory and a group of inexperienced users of VR tools.

With this in mind, the X3D standard was adopted to aid the
modeling and visualization phases. Architects and historians were
able to analyze the 3D data through the web during the modeling
phase, providing almost instant feedback and leading the way
for an accurate 3D representation. Along with this approach, the
3D model was interactive visualized with the whole group in a
CAVE environment once every fortnight, which provided a more
accurate review process.

The results achieved produced a hybrid 3D visual/audio en-
vironment that was projected in an immersive Virtual Reality
system based on a CAVE paradigm. This provided an in depth
view so that specialists and architects could analyze different
aspects of yore, that were not visible by photographs only. The
virtual models exposed different panoramas, providing a brand
new perspective of different aspects of that period of time.

II. M OTIVATION

Accurate 3D representations of that period were not available
until this work began. In fact, more than half of the buildings
of that time are no longer available due to the unconstrained
growth the city faced. Modeling this data and later visualizing
it using Virtual Reality techniques expands the possibilities for
cultural heritage understanding. These techniques can extend
our perceptive capacity and make interaction between numeric
simulations and experimentally gathered data possible.

Various tools are used to help the reconstruction process and to
assist the historian to visualize how they think a building or place
looked, was used, has developed and changed, etc. Currentlythese
tools are most often drawings and sketches, knowledge of similar
places still standing, photos, etc.



IEEE VIRTUAL REALITY 2007 - WORKSHOP 1: THE FUTURE STANDARDS FORIMMERSIVE VR 2

Using Virtual Reality in this context offers a wide range of
possibilities. The virtual user or visitor can navigate freely on
the streets, climb a tower of an non longer existent church, �y
over the main city square and visualize it from above. If accurate
reconstruction is embraced, this virtual user can even walkclose
to a water-fountain, explore the details of a wood door from the
Germania Building or explore balcony's details of PalaceteTietê.
The ability to contemplate and admire how a city looked over a
hundred years ago signi�cantly increases the contributionfor the
comprehension of the history that took place at that time.

The need for a collaboration environment for two different
teams, with different technological backgrounds also pushed the
development and usage of open standards for 3D communication
and production. There was a need for a tool that could satisfyboth
sides: on one end, it should provide enough details and accurate
representation of such reconstructed environment; on the other
hand, it should be available and usable by a wide range of users,
most of them not familiar with any technology related devices.

Previous work on the subject include several reconstruction
approaches for ancient and historical European cities, which
without doubt guards a lot of todays cultural heritage present
in our everyday routine.

The work developed by Bocchi's [3] greatly inspired our work
and provided an in-depth overview on how to guide our own
process. The aim of their work was to provide an historical in
depth visualization of present and past representation of the city
of Bologna. The work process was divided into three separate
steps, consisting of historical research, 3D geometry modeling
and computer graphics visualization tools. However, they used a
semi-immersive system for visualization and based their computer
graphics tools on SGI's platform (Onyx and Performer), which
radically expands the total cost of a project of this nature.
Although they published some of the work on the Internet, using
VRML, there was no indication of using VRML or X3D in the
design review process.

III. H ISTORICAL DATA RESEARCH

The process of gathering and acquiring historical data to this
project was achieved through a partnership and full support
of the Department of Historical Patrimony (DPH/SMC/PMSP -
Departamento do Patrim̂onio Hist́orico da Prefeitura da Cidade
de S̃ao Paulo). The DPH is responsible for the permanent guard,
organization and preservation of documents produced, received
and accumulated through out the years, in a natural process,by the
organizations that constitute the Municipal Public Administration
since the XVI century until the �rst half of the XX century.

The city of S̃ao Paulo has a lot of different important sites
and buildings. Some of them have witnessed a myriad of changes
through out the century due to the industrial revolution, the advent
of electricity and the economic growth the city has faced. After the
year of 1880, drastic changes occurred in the city of São Paulo,
altering the city's architectural appearance and its relationship
to native residents. During the years of 1880 and 1935, the
implantation of new infrastructure urban services such as public
transportation, water treatment and public illumination served as
a start point for such drastic and rapid transformations.

These new technologies for that period in the history of the
people who lived in S̃ao Paulo attended growing demands of a city
in a fast paced growth. Between the years of 1890 and 1910, the
city population expanded four times, growing from almost 60.000

people to 238.500 according to the records found. These factors
contributed to processes of city architectural remodelingand the
construction of new buildings. The occupation of the old historic
city centre was rapidly taking place and empty spots were ceasing
to exist. This fast process sometimes leads to a non-plannedand
unbalanced utilization of the space, causing the expansionand
further remodeling of the area. With this picture in mind, old
sites in S̃ao Paulo such as ”Ṕateo do Coĺegio” or ”Largo da Śe”
became insuf�cient to its pre-determined functions and symbolic
value. During the �rst decade of 1900, the city council promoted
intensive studies to further remodel and adapt the city buildings to
its new constraints and requirements. One of the most important
studies promoted was the construction of the new ”Praća da Śe”,
which can be seen nowadays in the proposed con�guration and
was one of the effectively implemented interventions.

Therefore, the urban scenario available at that time, especially
in the decade of 1910 rapidly disappeared, caused by the remod-
eling process. Colonial churches and other expressive buildings
were substituted for new buildings constructed with commercial
approaches and somewhat improved architecture for the current
needs.

A. Data Gathering Process

This work consisted in almost its entirety by going to the
libraries and repositories of the São Paulo state in order to get
and separate the data. The Department of Historic Patrimony,
division of Historical Archives, is considered to be one of the
most complete collections of data from the days of yore. The
database consists of over 9.000 plants and micro�lms, 5.000
boxes containing various documents and over 8.000 transcription
notebooks.

The DPH provided an enormous effort in order to pre-organize
the data relative to our project every week during this phase.
During our weekly meetings, the data was showed to us and we
selected the most appropriate ones for the modeling phase. The
most appropriate ones were those that showed us the best angles
of the buildings, the best resolution, and most accurate data that
were not corrupted. It is important to notice that most of these
documents are over 100 years old, which alters the overall visi-
bility condition and manipulation. The DPH specialists carefully
handled most of these documents. Therefore, we had to setup
a capturing device for taking high-resolution pictures of these
documents. These devices had constant and direct illumination
and also a tripod to hold the high-resolution camera (10 mega
pixels).

This initial phase of data gathering took approximately 10
weeks. However, during the next phase, we discovered that, in
order to accurately model some of the buildings, more data should
be researched and gathered. This data consisted of information
on speci�c details of buildings balconies, statues and alsocolor.
Color is the most dif�cult thing to accurately represent from that
time since the documents kept does not hold any information on
that. Most of the information on this matter is either subjective
(hand painted portraits and postcards or the literature of that time)
or from of an in-depth study of a specialist in the �eld.

Although this research phase accomplished almost its ob-
jectives completely, it actually extended itself through out the
project due to the constant re-evaluation of the 3D modelingand
requirements for data to ful�ll missing spots in the modeling. We
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Fig. 1. Perspective render of cathedral (Igreja da Sé), Germania and Casa
Lebre buildings.

Fig. 2. Tram used at the time.

are currently looking into introducing features to aid thisproblem
in our next projects.

IV. 3D M ODELING AND RECONSTRUCTION

The modeling phase consisted of carefully analyzing the data
collected and distributing them to expert modelers. Our goal was
to accurately depict the city as it really looked in the year of 1911.
The experience should be complete, ful�lling the immersiveness
required for VR Environments.

The design and review process was an extenuating phase where
every week the DPH experts would analyze and compare our
models to the actual buildings data collected, in order to certify
the 3D models. But we could not always count on regular on-site

visits to discuss the design process. This limitation couldhave
imposed a constrain on the work�ow productivity if we have not
used the X3D standard to publish our weekly results on a website.
This situation saved a lot of trips to downtown São Paulo and vice-
versa, which alternatively would not have been done, delaying our
project goals.

Fig. 3. 3D model of Cathedral (Igreja da Sé).

Fig. 4. Perspective render of main square.

The process saved a lot of time: instead of creating high-
de�nition renders and the time consuming lighting process,the
X3D �les provided an easy and accessible alternative to the
design process of our work. With this web-page setup, the DPH
specialists were able to interactively analyze our work from the
comfort of their of�ces. The possibility provided an interactive
visualization that greatly improved the analysis process.The
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interactivity depicted an unforeseen feature for comprehension
of the work being done. The DPH specialists could verify our
models beyond the static pictures rendered at the beginningof
the process. However the review results still had to be written
down in the form of reports since our X3D web page did not
provide an annotation/comment feature.

One of the problems that we ran into during the modeling
process was the correct representation of the buildings colors.
Most of pictures available were black and white, given the year
they were taken. Other sources of data for this information were
the colored postcards. However these postcards were painted with
aquarelle paint a long time ago, which caused these postcards to
be faded out and colors weared out.

Again, to overcome this problem, we had to recur to the DPH
specialists indications on what to do. They did extensive research
work on how o accurately represent the colors of the buildings
and facades. This provided a uniform approach to digitally paint
the buildings and surroundings.

A. Modeling Process

The software Maya from Autodesk [2] was used to model the
environment. It provided a uniform platform for modeling and
rendering visual prototypes with enough accuracy for analysis.

Maya does not natively supports exportation to the X3D format
standard. However we were able to use an open source Maya
exporter called Rawkee [1]. The export phase was not success-
fully achieved at the beginning due to problems in the Rawkee
exportation. Texture coordinates and normals would get mixed
up in the process, affecting the overall look of the model. This
had to be manually corrected using the X3D-Edit tool. Another
approach that reduced the time-consuming design review process
was the utilization of the X3D standard.

In some cases the data acquired in the research phase was just
not enough to model the city correctly. A few objects or details
on buildings facades were not visually available at photographs
or plants. In these cases, the specialists provided us enough
information to model these objects. When information was not
found, the architecture of that time was studied in order to identify
the characteristics of such objects in the literature. After this
data was found in the literature, it was correctly adapted bythe
specialists to the context they were inserted in the São Paulo city,
providing again an accurate measure to be included in the models.

V. I NTERACTIVE V ISUALIZATION

Using our in house visualization software, we were able to
visualize the modeled data in an immersive Virtual Reality
environment. Our visualization tool was designed to run on
VRClusters [4] and also to support the X3D standard.

The scenegraph plays an important hole in VR visualization
tools. This layer is responsible for organizing the whole scene in
a hierarchical and optimized way, causing the overall performance
of the application to be increased.

The scenegraph is the only layer of the visualization application
that is aware of the hierarchy of the scene, and its parameters as
well. Building a scenegraph from scratch was not under the scope
of our project. In fact, there are a handful of initiatives that deals
with this issue. We analyzed several of them including OpenSG,
OpenSceneGraph, Coin3D and Ogre3D, taking into account their
charactericts in the following aspects: object oriented approach

and design, easy programmability learning curve, platforminde-
pendent and most important, overall performance for rendering
high �delity models, with millions of polygons and high quality
textures and shaders.

Although all these libraries are very well implemented and are
plenty of resources for optimization, unfortunately, almost all of
them lacks in documentation, making available only a few source
codes as examples. The Ogre3D was chosen because, besides
of having all the necessary charactericts and desired features, it
also has a fairly good documentation and a lot of tutorials for
beginners and advanced users.

Although Ogre3D supports many 3D �le formats, one of par-
ticular interest to us is not yet supported: X3D. Given our usage
and experience in the previous phase, we wanted to maintain
this format as a default for our visualization tool. We needed to
develop a custom data loader from X3D to the Ogre3D scenegraph
structure.

The main objective for the loader is to correctly associate the
X3D scenegraph structure with the Ogre3D scenegraph, whichis
not an easy task. To accomplish this, a deep study on the internal
object structure and functions of the Ogre3D was necessary.Then,
we had to carefully map the structures available in the X3D
standard to the appropriate classes available in the Ogre structure.

Additionally, we had to carefully verify how the exporter
exported the features implemented by the modelers to the X3D
standard, and if these features could be exactly represented as
exported, without loosing the initial characteristics predicted by
the modelers.

VI. CONCLUSION

The project was considered to accomplish its purposes and
undoubtedly enriched the reproduction and analysis of the days
of yore. An unprecedented level of collaboration was achieved,
permitting remote validation of 3-dimensional models between
two distinct groups. This fact greatly improved ef�ciency as well
as the quality and complexity of the �nal reconstruction.

The architectural as well as the color of the buildings were con-
sidered satisfactorily reproduced, presenting the Virtual Reality as
a powerful instrument for historical reconstruction.

The models were periodically published so that the DPH
specialists could analyze them and provided feedback in theform
of reports. There was no annotation tool in the X3D website nor
the X3D browser supported it, so the reports where written and
sent back using another convenient type of document.

One of the most important things in this project was the level
of close collaboration needed, which certainly pushed our efforts
into organizing a design review process that were interactive and
at the same time productive.

We also encountered some con�icts through out the project. In
process like this, the content creation (3D reconstruction) is based
on incomplete information, leading to dubious representation and
interpretation of the available data. The constant exchange of
ideas and discussion of both teams permitted a rapid identi�cation
of problems thus leading to a rapid search for a solution.

Moreover, the Virtual Reality team opened their minds to other
aspects and concerns that non-experienced users have when using
such technologies, which will improve future projects.
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