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Abstract—This work presents our experience in using Virtual Although the Virtual Reality community have the expertisel a
Reality techniques to digitally reconstruct the downtown of &0  knowledge to provide an improved experience for such demand
Paulo city in the year of 1911. Partlcylarly, the reconstruction  the ysers in our project domain (designers and architeatsy w
of old downtown Sao Paulo could bring relevant information not familiar or do not knew how to effectively use or program

regarding its culture, history and economy. In order to achieve an th tools. M it bilit t i hofo
accurate 3D representation, the process was divided in phases t ['€S€ [00IS. MOreover, Its usability was not appealing ghaor

better structure and fundament such development: historical éita Non-experienced VR users.

gathering and analysis; 3D modeling and; interactive immersive  In this context, our work tried to integrate both experiahce

visualization. Due to the nature of this project, different people VR users and experts from other areas in order to create an

from different areas of expertise were involved, working togethe  accurate 3D representation of downtow&oSPaulo. A simple

n ahunlded .development environment. I h i . yet productive working environment provided both teams s fa
The design review process as well as the nal immersive paced collaboration and interaction through out the dermént

visualization used the X3D standard, which allowed the same : .. . .
environment for both programmers and architects. The x3D Ccycle. The working process, divided in 3 phases (data gather

choice provided means for remote 3D model validation by the modeling and visualization), needed close collaboratidth the
supervising historians and architects, speeding up the exchangé o outside experts. This restriction imposed the use of 3Dabell
ideas and improving collaboration for both teams of researchers. oration standards available for both worlds: an experi¢n¢®
Although VR tools and techniques are widely available at |ahoratory and a group of inexperienced users of VR tools.
present, there is still a gap between using the tools and really With this in mind, the X3D standard was adopted to aid the

taking advantage of VR in historic architectural reconstruction so . . A . . .
that users might immerse themselves into this world and thus be modeling and visualization phases. Architects and histisrivere

able to consider various scenarios and possibilities that might lead able to analyze the 3D data through the web during the maglelin
to new insightful inspiration. This is an ongoing process that we phase, providing almost instant feedback and leading thg wa
think will increase and help current architectural development. for an accurate 3D representation. Along with this appro#uoh
We have also faced problems for animating the X3D scene. 3D model was interactive visualized with the whole group in a
Animation conversion or creation was not a uid process with  cAVE environment once every fortnight, which provided a mor
the modeling software and the X3D standard. accurate review process.

It is our opinion that the online design review has achieved . . . .
its objectives. However we identi ed some features that would ~ 1he results achieved produced a hybrid 3D visual/audio en-

improve collaboration such as digital 3D annotation and support Vironment that was projected in an immersive Virtual Realit
for online collaboration in current X3D browsers. system based on a CAVE paradigm. This provided an in depth
Index Terms— Virtual Reality, Immersive Environments, X3D, view so that specialists and ar(_:h_itects could analyze rdiiie
Cultural Heritage, 3D Modeling, VRCluster a_spects of yore, that were not visible by photographs orthe T
virtual models exposed different panoramas, providing antr
new perspective of different aspects of that period of time.
I. INTRODUCTION

The architecture of the city of&@ Paulo is culturally rich and II. MOTIVATION

full of insightful information. The rapid growth of its pofation Accurate 3D representations of that period were not availab

in the rst decade of the twentieth century along With the i this work began. In fact, more than half of the building

economical boom provided an interesting scenario for iy C'gf that time are no longer available due to the unconstrained

dynamics. Current city planning and development can grea rowth the city faced. Modeling this data and later visuatiz

benﬁtt frfotr;]] the ?rcbt;ltedcttjral stu?lles .?f that t:me' I!-tlo‘_';e\{ml'e it using Virtual Reality techniques expands the possib8itfor
quality orthe available data as well as Its visual qualilgestainly - o, g heritage understanding. These techniques caenaxt

not _enough for_ an m-depth ana lysis by a team _Of architeats aBur perceptive capacity and make interaction between riamer
engineers. Using a 3-dimensional representation of suth d

. o ; ; &mulations and experimentally gathered data possible.

and.ws.uahzmg itin a VR gnwronment. C,OUId greatly IMPrOVe " \/arious tools are used to help the reconstruction procedscan

eluqdatlon and understanding of the city's architectufabign assist the historian to visualize how they think a buildimglace

choices. looked, was used, has developed and changed, etc. Curtiesdly
e-mail: mkzuffo@Isi.usp.br tools are most often drawings and sketches, knowledge dffasim
e-mail: mcabral@Isi.usp.br places still standing, photos, etc.
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Using Virtual Reality in this context offers a wide range ofpeople to 238.500 according to the records found. Theserfact
possibilities. The virtual user or visitor can navigateefseon contributed to processes of city architectural remodeting the
the streets, climb a tower of an non longer existent churgh, construction of new buildings. The occupation of the olddris
over the main city square and visualize it from above. If aatai city centre was rapidly taking place and empty spots wersinga
reconstruction is embraced, this virtual user can even wlalge to exist. This fast process sometimes leads to a non-plaanéd
to a water-fountain, explore the details of a wood door from t unbalanced utilization of the space, causing the expanasiah
Germania Building or explore balcony's details of PalacEtte. further remodeling of the area. With this picture in mindd ol
The ability to contemplate and admire how a city looked over sites in $i0 Paulo such as @®eo do Catgio” or "Largo da &”
hundred years ago signi cantly increases the contribufarthe became insuf cient to its pre-determined functions and kglic
comprehension of the history that took place at that time. value. During the rst decade of 1900, the city council prdet

The need for a collaboration environment for two differenintensive studies to further remodel and adapt the citydingls to
teams, with different technological backgrounds also pdsthe its new constraints and requirements. One of the most irapbrt
development and usage of open standards for 3D commumicatitudies promoted was the construction of the new ¢Brda 2",
and production. There was a need for a tool that could saiistfly which can be seen nowadays in the proposed con guration and
sides: on one end, it should provide enough details and aiecumwas one of the effectively implemented interventions.
representation of such reconstructed environment; on thero Therefore, the urban scenario available at that time, ésibec
hand, it should be available and usable by a wide range ofusén the decade of 1910 rapidly disappeared, caused by thedremo
most of them not familiar with any technology related desice eling process. Colonial churches and other expressivalibgi

Previous work on the subject include several reconstmctiovere substituted for new buildings constructed with coruiadr
approaches for ancient and historical European citiesclwhiapproaches and somewhat improved architecture for themurr
without doubt guards a lot of todays cultural heritage pmeseneeds.
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 owf}- Data Gathering Process
process. The aim of their work was to provide an historical in This work consisted in almost its entirety by going to the
depth visualization of present and past representatioh@tity |ipraries and repositories of thea6 Paulo state in order to get
of Bologna. The work process was divided into three separgify separate the data. The Department of Historic Patrimony
steps, consisting of historical research, 3D geometry #mmle gjyision of Historical Archives, is considered to be one bét
and computer graphics visualization tools. However, thegdua most complete collections of data from the days of yore. The
semi-immersive system for visualization and based themmater gatapase consists of over 9.000 plants and micro Ims, 5.000
graphics tools on SGI's platform (Onyx and Performer), Whichoxes containing various documents and over 8.000 tratigri
radically expands the total cost of a project of this naturggotepooks.

Although they published some of the work on the Internemgisi  The ppH provided an enormous effort in order to pre-organize
VRML, there was no indication of using VRML or X3D in thethe gata relative to our project every week during this phase

design review process. During our weekly meetings, the data was showed to us and we
selected the most appropriate ones for the modeling phdse. T
I1l. HISTORICAL DATA RESEARCH most appropriate ones were those that showed us the bessang|

The process of gathering and acquiring historical data i trof the buildings, the best resolution, and most accurate thett
project was achieved through a partnership and full suppavere not corrupted. It is important to notice that most ofsthe
of the Department of Historical Patrimony (DPH/SMC/PMSP documents are over 100 years old, which alters the oversil vi
Departamento do Patribmio Hisbrico da Prefeitura da Cidadebility condition and manipulation. The DPH specialistsefalty
de Sio Paulo). The DPH is responsible for the permanent guafindled most of these documents. Therefore, we had to setup
organization and preservation of documents producedjveste a capturing device for taking high-resolution pictures béde
and accumulated through out the years, in a natural praogsse  documents. These devices had constant and direct illuinmat
organizations that constitute the Municipal Public Adrstration and also a tripod to hold the high-resolution camera (10 mega
since the XVI century until the rst half of the XX century. pixels).

The city of Sio Paulo has a lot of different important sites This initial phase of data gathering took approximately 10
and buildings. Some of them have witnessed a myriad of clsangeeeks. However, during the next phase, we discovered that, i
through out the century due to the industrial revolutioe, dldvent order to accurately model some of the buildings, more datalsh
of electricity and the economic growth the city has facedeAfhe be researched and gathered. This data consisted of informat
year of 1880, drastic changes occurred in the city @ $aulo, on speci ¢ details of buildings balconies, statues and alslor.
altering the city's architectural appearance and its imiahip Color is the most dif cult thing to accurately representrfrdghat
to native residents. During the years of 1880 and 1935, thiee since the documents kept does not hold any information o
implantation of new infrastructure urban services suchwsip that. Most of the information on this matter is either subjec
transportation, water treatment and public illuminati@nved as (hand painted portraits and postcards or the literaturbaifttme)

a start point for such drastic and rapid transformations. or from of an in-depth study of a specialist in the eld.

These new technologies for that period in the history of the Although this research phase accomplished almost its ob-
people who lived in 8o Paulo attended growing demands of a citjectives completely, it actually extended itself throught ehe
in a fast paced growth. Between the years of 1890 and 1910, pveject due to the constant re-evaluation of the 3D modeding)
city population expanded four times, growing from almosiO80 requirements for data to ful Il missing spots in the modelive
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visits to discuss the design process. This limitation cdwde
imposed a constrain on the work ow productivity if we havetno
used the X3D standard to publish our weekly results on a websi
This situation saved a lot of trips to downtowa®&Paulo and vice-
versa, which alternatively would not have been done, detagir
project goals.

Fig. 1. Perspective render of cathedral (Igreja @9, $ermania and Casa
Lebre buildings.

Fig. 3. 3D model of Cathedral (Igreja d&)5

Fig. 2. Tram used at the time.

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

IV. 3D MODELING AND RECONSTRUCTION

The modeling phase consisted of carefully analyzing the datig. 4. Perspective render of main square.
collected and distributing them to expert modelers. Oull g@es

to accurately depict the city as it really looked in the yefat @il 1. The process saved a lot of time: instead of creating high-
The experience should be complete, ful lling the immersiess de nition renders and the time consuming lighting procebs,
required for VR Environments. X3D les provided an easy and accessible alternative to the

The design and review process was an extenuating phase wrdasign process of our work. With this web-page setup, the DPH
every week the DPH experts would analyze and compare @pecialists were able to interactively analyze our workrfrthe
models to the actual buildings data collected, in order ttifge comfort of their of ces. The possibility provided an intetive
the 3D models. But we could not always count on regular am-sitisualization that greatly improved the analysis proceBse
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interactivity depicted an unforeseen feature for compmetom and design, easy programmability learning curve, platforde-
of the work being done. The DPH specialists could verify oysendent and most important, overall performance for reénder
models beyond the static pictures rendered at the begimmiinghigh delity models, with millions of polygons and high quis
the process. However the review results still had to be evritt textures and shaders.
down in the form of reports since our X3D web page did not Although all these libraries are very well implemented arel a
provide an annotation/comment feature. plenty of resources for optimization, unfortunately, atnall of
One of the problems that we ran into during the modelingnem lacks in documentation, making available only a fews®u
process was the correct representation of the buildingsrol codes as examples. The Ogre3D was chosen because, besides
Most of pictures available were black and white, given tharyeof having all the necessary charactericts and desired risstit
they were taken. Other sources of data for this informatienew also has a fairly good documentation and a lot of tutorials fo
the colored postcards. However these postcards were gaiitle  beginners and advanced users.
aquarelle paint a long time ago, which caused these posttard Although Ogre3D supports many 3D le formats, one of par-
be faded out and colors weared out. ticular interest to us is not yet supported: X3D. Given owarges
Again, to overcome this problem, we had to recur to the DP&nd experience in the previous phase, we wanted to maintain
specialists indications on what to do. They did extensigeaech this format as a default for our visualization tool. We nekde
work on how o accurately represent the colors of the buillinglevelop a custom data loader from X3D to the Ogre3D scenkgrap

and facades. This provided a uniform approach to digitadlinp Structure.
the buildings and surroundings. The main objective for the loader is to correctly associbte t

X3D scenegraph structure with the Ogre3D scenegraph, wvikich
A. Modeling Process noF an easy task. To accqmplish this, a deep study on thenaiter

) object structure and functions of the Ogre3D was necesthen,

The software Maya from Autodesk [2] was used to model thge had to carefully map the structures available in the X3D
environment. It provided a uniform platform for modelingdan standard to the appropriate classes available in the Ogretisite.
rendering visual prototypes with enough accuracy for asisly ~ Additionally, we had to carefully verify how the exporter

Maya does not natively supports exportation to the X3D fdrmaxported the features implemented by the modelers to the X3D
standard. However we were able to use an open source Mayandard, and if these features could be exactly repraberste
exporter called Rawkee [1]. The export phase was not succesgported, without loosing the initial characteristics gicted by
fully achieved at the beginning due to problems in the Rawkege modelers.
exportation. Texture coordinates and normals would getethix
up in the process, affecting the overall look of the modelisTh VI. CONCLUSION
had to be manually corrected using the X3D-Edit tool. Anothe The project was considered to accomplish its purposes and
approach that reduced the time-consuming design reviesepso undoubtedly enriched the reproduction and analysis of Hyes d
was the utilization of the X3D standard. of yore. An unprecedented level of collaboration was adcdev

In some cases the data acquired in the research phase wasgagnitting remote validation of 3-dimensional models besgw
not enough to model the city correctly. A few objects or dstaitwo distinct groups. This fact greatly improved ef ciencyg well
on buildings facades were not visually available at phaphs as the quality and complexity of the nal reconstruction.
or plants. In these cases, the specialists provided us &nougThe architectural as well as the color of the buildings wene-c
information to model these objects. When information was nsidered satisfactorily reproduced, presenting the VifReality as
found, the architecture of that time was studied in ordedémtify ~a powerful instrument for historical reconstruction.
the characteristics of such objects in the literature. Aftés The models were periodically published so that the DPH
data was found in the literature, it was correctly adaptedhey Specialists could analyze them and provided feedback ifiottne
specialists to the context they were inserted in the Baulo city, Of reports. There was no annotation tool in the X3D website no
providing again an accurate measure to be included in theetmodthe X3D browser supported it, so the reports where writteth an
sent back using another convenient type of document.

One of the most important things in this project was the level
) _ S of close collaboration needed, which certainly pushed éforte

Using our in house visualization software, we were able gt organizing a design review process that were interacind
visualize the modeled data in an immersive Virtual Reality; the same time productive.
environment. Our visualization tool was designed to run on We also encountered some con icts through out the projmt. |
VRClusters [4] and also to support the X3D standard. process like this, the content creation (3D reconstrugimbased

The scenegraph plays an important hole in VR visualizatigfh incomplete information, leading to dubious represémaand
tools. This layer is responsible for organizing the wholergein interpretation of the available data. The constant exchanfy
a hierarchical and optimized way, causing the overall patémce jdeas and discussion of both teams permitted a rapid ideatton
of the application to be increased. of problems thus leading to a rapid search for a solution.

The scenegraph is the only layer of the visualization apfibo Moreover, the Virtual Reality team opened their minds tceoth
that is aware of the hierarchy of the scene, and its parameter aspects and concerns that non-experienced users have gihgn u
well. Building a scenegraph from scratch was not under tbpesc such technologies, which will improve future projects.
of our project. In fact, there are a handful of initiativesitideals
with this issue. We analyzed several of them including Og&nS ACKNOWLEDGMENT
OpenSceneGraph, Coin3D and Ogre3D, taking into accouirt the The authors wish to thank Liliane Lehmann, Ricardo Mendes
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V. INTERACTIVE VISUALIZATION
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