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The objective of this work is to examine the current practice in historic buildings
and sites modeling, in order to suggest some possible guidelines for future
implementations in the field. These implementations are meant to improve the
use of digital modeling as a scientific tool for historical research and heritage
presentation, focusing first on information management and then discussing
representation techniques for rendering levels of accuracy, departing from the
experience in LAURD/PROURB to some future research possibilities.
Keywords: 3D modeling; urban heritage; hyperdocuments.

Introduction
Digital modeling of historical buildings has become
throughout the years a starting point for many Architecture researches. Those models came to progressively include the surroundings of the buildings, and more recently not only groups of buildings but whole neighborhoods and even towns
were digitized in order to create three-dimensional
representation of urban settlements. In one hand,
it is fair to assume that the majority of these works
rely on sufficient documentation in order to provide
enough modeling information – that is, information
on the shape of the building or buildings and its
materials and even details. On the other hand, once
the model is rendered, be it in stills, animations or in
real-time, such information and its use throughout
the modeling become somewhat invisible, and the
actual process of document confrontation as well
as the process of synthesis elaboration are hidden
from other researchers.

Although this could pose an epistemological
problem related to the academic and scientific status of models – that is, most of the time, be it in publications or even among researchers, these files are
difficult to examine for their references or their reasoning, because only the result of those references
and discussions is available – their role as illustration,
either for the purpose of argumentation or narrative
is not to be questioned. This problem is going to be
examined in the first part of this paper.
The second part of the paper addresses another
issue, also related to references and documentation. More specifically, it deals with the presentation of uncertain and fluid data in the model. When
dealing with past conformations of the city, there
is usually much more unknown than known data
about the urban form. Even if the purpose of such
models usually is to illustrate the development of
a settlement, or provide a believable background
for heritage buildings, there is a lot of interpretation involved in the process and audiences should
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be somehow informed of the accuracy of presented
information.
The notes format is here employed because it is
an undergoing investigation, while its preliminary
observations were worth sharing for they should
represent a common concern among the research
community. At the same time, it embraces the fact
that it might not reach definitive solutions and standards, but instead methodologies that help build
context-sensitive guidelines. Our experience as researcher in the Laboratory of Urban Analysis and
Digital Representation of the Post-Graduation Program in Urbanism (LAURD), a research group in Rio
de Janeiro, Brazil, focused on producing hyperdocument studies on the history of cities, should provide
ground and for these notes.

Referencing in models
It is clear that the need to examine a 3D model structure, its references and its process comes from a very
specific audience. However, this audience is composed by those who are able to further improve not
only the knowledge represented in the model but
the model itself. This is even more necessary when
we notice that digital files format tend to get obsolete, and therefore unreadable – and that this effect
is even more pronounced among modeling software, because there is a tendency to use intermediate file formats to pass information from one software to another rather than direct import of native
files. But it is not simply a question of file conversion
– which is indeed far from simple –, that is, preserve
the information; as McCarthy (2007) points out, this
information ought to be preserved “in such a way
that a future society can use it with confidence”. According to McCarthy, media redundancy, the physical decay of the medium or its supporting technology, is one of the two main reasons for failures in the
preservation of information; the other is epistemic
failure, which means inadequate preservation of the
information necessary to explain the structure and
the meaning of the data. The author also sustains
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that contextual information is the most likely way
to mitigate epistemic failure in digital cultural heritage resources, and that the knowledge needed to
manage those resources is often held by one or two
individuals.
Three major needs therefore arise to improve digital model files usefulness as a scientific document,
let alone its very preservation: structure, process and
references. Structure, being the composition of layers, groups, objects, filters – and sometimes even
primitives – can be examined by opening the file in
the native program or in a suitable viewer. The native
program is not always available, and the same goes
for viewers with the ability to interpret the file, but,
more than that, making available the file as a whole,
in its native format, is giving away important information that cost time and effort to the research team,
which is not always intended. Therefore we perceive
the need to develop a publishing, PDF-like, format
with its ubiquitous reader that allows simple manipulation and examination of the model. It might also
include PDF’s security features such as password and
copy protection, and, as additional feature, it could
have a password-protected export/restore to the
original file format. Google 3D Warehouse, as well
as many other 3d-modeling sites, provide a solution
for model sharing and viewing through the Internet
(although 3D Warehouse certainly represents a popularization in the field, backed up by Sketchup and
Google Earth). Once downloaded, however, a *.skp
file is completely available to modification and use
by anyone. Although this meets some requirements
of the open source community, and is certainly fine
for isolated models, it is unlikely that entire cities
or more research demanding models will have the
same availability. Anyway, it is due to industry to develop such exchange/publication format for digital
3D models, although some of its specifications are
here presented.
The process of synthesis is mostly apparent,
since whatever decisions the researcher had to take
in order to sum up different versions of the depicted
space are synthesized in the model itself. Specific

cases, however, ought to be documented, especially
when there is a contradiction between sources. An
introductory paragraph on the main methodology
could also be of help. Text like this could be made
in specific word-processing software, but would become separated files. More than that, it would tend
to slow down the modeling process, and although
the following guidelines most probably will translate
in more time in modeling too, they are intended to
keep the modeling workflow with minimum disturbance. A simple solution lies in accessing the file’s
properties in the file manager and editing the ‘comments’ field – and in that case there is no reason why
the other field should not be filled too. For more
specific decisions, most modeling programs used
in virtual heritage researches allow either the use
of comments among the object properties or have
simple text tools that can be used to place text (like
in-text references) within a specific layer (or other
form of object sorting device). It should be noted,
in this case, that future viewers should allow for this
information to be preserved.
References are more difficult to handle inside
the file, for it is less common to have a built-in text
editor with enough capabilities to handle a long
list of references. For text references, the most flexible way might be an additional text file, possibly a
simply structured XML (parsing the information in
nodes like ‘author’, ‘publication’ or ‘year’). XML-based

databases can be automatically produced by most
database managers and are handled by more computer programs every day. Some form of direct incorporation of XML data might be included even in 3D
modeling software in the near future.
For images, besides the possibility of storing their location and references in the XML file,
it seems more interesting to have the image references inside the file, for instant visualization. While
displaying .jpg or .png files is a common feature
among modeling programs, however, the way
these files are handled is not always ideal. AutoCAD, for instance, has a satisfactory approach, since
it uses images as references, not embedded objects
(unlike SketchUp, which only externally references
textures). Of course, references should be relative to
the model file’s path, and images should be in the
same folder or in a sub-folder. However, this does
not take into account the fact that many images
are used more than once in the same research, and
need to be available to all team members, which
often leads to the duplication of image files. This
could stimulate the use of absolute references, but
the advantages of relative paths are not to be overlooked. Server-based images (especially if available
on the Internet) have the disadvantage of size (and
the need for a good connection) and availability
(and the need of a connection at all and sometimes
password protection).

Figure 1
Two different databases for
image information storage
and retrieval. The left one, developed to host different kinds
of images, is five years older
than the one in the right,
which is more architecture
oriented to describe photos of
buildings
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An alternative approach to the incorporation of
historical documents into models was developed by
Kós (2006), with Rio-H, an attempt to convey spatial
anchorage to historical documents on downtown
Rio using Flash and model renderings as interface
to the database. Previously, in LAURD, we developed
an image database in Microsoft Access based on
similar examples (BERTELS and VAN BALEN, 2003)
with features like selection and copying of images,
which is still in use, but it is not always easy to fit
database searches within the modeling workflow.
On the other hand, it is quite an effort to keep the
database updated – even with the future possibility
of automatic inclusion of new images in its assigned
folders, every piece of information should be filled in
the forms, and this information is not stored within
the image file.
Alternative image databases have been tried,
but they usually store the information on the image
separated from the image file, making it difficult to
restore the information if the file is moved or simply
copied for use in another folder or computer. In the
best cases, the stored file can be easily accessed and
sometimes interpreted by other programs, such as
word processors or even other database managers.
Or, like Access, they use proprietary format that creates difficulties for their in other applications – we
developed a specific XML builder in the Visual Basic
module of Access to allow further use in future Flash
developments. These difficulties, it is easy to perceive, are not exclusive to model-based research, but
to any academic use of images. Image file properties,
like the case of model files, are about to be used to
overcome these issues. Research on this subject includes how to safely read and write these properties
directly in the image file, to avoid major disturbances
in the current workflow.
It is worth mentioning that this discussion does
not assume that an electronic model is to be forever
refined to the slightest details to serve historic science purposes. On the contrary, simplified models or
parts of models can and should be used to provide
simplified views and to fulfill specific needs, especially
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urban analysis support (even as illustration), that is, if
it is made clear what are the grounds for that particular reconstruction and what narrative does it serve.
Also, the actual structure of an electronic model can
be a discourse in itself, since it provides clues on
how does the researcher decomposes the building
in order to understand it. The availability of such information does not have to mean that the model file
itself has to be given away to every user – even if we
discuss academic work, there are still proprietary issues at stake. There is then the need to develop an
intermediate file that may be examined as a threedimensional digital object as resultant form and as a
syntax, as well as serve as scientific document, without compromising the actual research product by its
diffusion. VRML once had many characteristics that
made it appealing for this task, but it still lacks others, not to mention its underdeveloped popularity.

Modeling uncertainty
Barros and Santocono (2007) consider that digital
models of urban settlements, whether depict entire
cities or fragments, can have from two to five dimensions, very briefly resumed as follows: digital drawings, static models, real-time animations and interconnected databases. When historical development
has to be represented, however, we must consider
the representation of different time periods an additional dimension. This feature is not available in most
of the available viewers, if available at all, unless in
the case of a straightforward animation or a historyoriented GIS map.
As for LAURD works, since our models were not
to be used directly as navigational spaces, we could
adopt the solution of working with different files
with common cameras and materials to represent
each time period for Rio de Janeiro (Kós and Naylor,
2007). In Havana, however, we could adopt a single
file version because the city changed its urban grid
only by addition, and therefore locate each group of
additional blocks in single layers (Kós and Paraizo,
2007).

Figure 2
Hyperdocuments depicting
Rio(in the left) and Havana
during Colonial Period

On the other hand, even when considering animation or GIS, there is a great probability that much
of what is going to be represented is unsure, in spite
of the efforts of the research team. Accurate information regarding many buildings that belong to what
Rossi (1995) calls housing cannot be found in many
cases, especially if we consider the degree of accuracy that can be obtained for the information from
several time periods when it comes to monuments.
This hold even more true for downtown Rio de Janeiro, our main research area in LAURD, because of
the many changes in the urban tissue.
In LAURD hyperdocuments, the solution employed was directly related to the concept of the
modeling: our main concern were the symbolic
systems formed by iconic buildings (mostly monuments), and we adopted from the start the concept
of an intellectually-oriented model and rendering,
to be complemented by further iconographic documentation on the screen (Kós et al., 2000). This liberated us to depict only the iconic buildings and the
street patterns. Also, because our main interest was
the inter-relation of symbolic buildings, the bird’s
eye point of view that this sort of modeling allows
was an advantage. Therefore we chose an alternative to the sensory-emotional-approach of realistic
modeling.
Another, more common, solution is to extrude
volumes from buildings’ footprints, modeling in detail those on which there is available information.

As it might be easy to perceive, this addresses morphology in aerial view, but is not enough for walkthroughs. The solution seems to enhance the level
of detail of closer buildings, usually by extrapolating information from other parts of the city or from
different time periods, since it is rare that the same
amount of information regarding monuments is
available for the surrounding buildings. In this case
audiences should be able to tell the degree of certainty present in such digital reconstructions – which
is not very different from what happens in actual reconstruction projects.
But it also might be considered a waste of resources to spend time modeling in detail buildings
from which there is barely footprint information
available. This claims for the exploration parametric
and procedural modeling systems, for example the
implementation described by Müller et al (2006), in
order to quickly provide contextual or background
representation. The authors describe a system that
takes into account both statistical and GIS data as
well as what they call CGA shape rules. The work is
focused on the entertainment industry, namely films
and computer games, but includes a very convincing
version of Pompeii. An example of this technique, using AutoCAD’s AutoLisp, is described by Culagovsky
and Labarca (2005), aiming at the representation of
consequences in urban legislation changes. In terms
of modeling techniques concerning housing, it is a
very promising field.
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Whatever the case we should be able to set
some sort of parameter as a level of accuracy, similar
to level of detail that is used to replace more intricate models at close range, but instead acting upon
rendering parameters for the building – for instance,
turning it into a specific color or translucent. Some
models already employ this code manually, thus informing the audience what was not detailed. In the
case of immersive environments, however, it would
be used to pinpoint over-detailed models, or models
whose information was inferred from related buildings, for it would show in which cases those details
are more related to the purpose of immersion than
to documental accuracy – and perhaps to which degree, in comparison to other buildings in the model.
Anyway, this feature should be implemented as a
switch, in order to allow the user to choose whether
to see this interference or the buildings as a regular
part of the environment, resulting in a more fluid
immersion, or to see the metadata and enhance the
perception of history as a science.
Would this mean to put history aside in the
name of entertainment? Perhaps not, for it might
also be the enhancement of the value of the model
as heritage. According to Lowenthal (2005), heritage
has the purpose of creating bonds among people
who share a specific and exclusive story, like a myth;
a story that is not meant to be exported. History, on
the other hand, is aims to tell the general public –
contrary to heritage, which belongs to specific social
groups, no one owns history – how things came to
be as they are. They are not opposites, they only treat
the past differently, which does not mean that they
cannot cooperate: it is normally by heritage, with its
simplicity and clarity, that children structure what is
going to be their group identity – be it related to a
nation or to their family –, and only later it is going to
be confronted with the actual history.
Heritage is about emotional connections with
the past, unlike History, which is reason-oriented.
Hence immersive environments with a realistic appeal usually serve heritage purposes best because
they are tend to be more appealing to the senses.
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The evocation of the past usually works best in this
context. Therefore, from the point of view of heritage representation, it is better not to highlight the
historian’s hypothesis but just enjoy them to the
full. This is not to say that digital heritage should be
concerned with effects of reality at the expenses of
historical data, only that the awareness of the objectives of the model as representation, that is, what is
the desired balance between history and heritage,
may lead to more prolific results.
For instance, Manovich (2001) notes that navigable space is one of the key forms of new media,
along with databases, and that many computer
games rely on spatial journeys where user investment relies on mastering the virtual world spaces
by uncovering (and perhaps we should add creating) its geometry and topology, learning its logic
and its secrets. Hynn (2007) considers that the current morphology of space presented in virtual heritage reconstructions, with 3D modeling programs
and 3D laser scanning technologies emphasizing
mathematical accuracy and the placement of solids in vast, empty, geometrized spaces, is an excess
reduction of the complexities of spatial experience
lacking in human scale, or social and cultural presence. And indeed, where history itself is concerned,
there is an option to try to include those presences
or not – even if running the risk of presenting history in an aesthetized, desocialized form – whether
if heritage is mainly at stake, the vocation of the past
is associated with personal, direct experiences that
convert the space and cultural heritage by personal,
contextual adaptation. The author suggests that the
adoption of quests with inventories, records of interaction history and gameplay responsive to the user’s
skills can create emotional investiment and intensify
sensation through interaction, therefore allowing
the aspects of negotiation to come into play.
Immersion in virtual reconstructions has been
dealt with as the ultimate user freedom in terms of
space. And indeed it is a fact that it is possible to visit
restricted areas of monuments and to visit them devoid of many of the daily constraints, such as crowds,

signs, guards, as well as our own current time signs.
But spatial freedom might not lead to a better commitment to heritage, for heritage itself is about secrecy and constraints. Game-like constraints, for instance space-restrictive constraints, or specific goals
that need investment from the user to get accessible,
might be a feasible solution to incorporate this subjective appeal connected with a social presence that
is associated with heritage.

Conclusions and perspectives
This work provides an overview of practices related
to urban heritage modeling, trying to establish a
framework for future developments. This brief exam
is traced having in mind the theoretical issues concerning heritage representation and the role of digital files as documents in scientific history.
As for referencing documents used in modeling heritage and the documentation of the process
itself, there is not a satisfactory tool or practice to
date. Perhaps future implementations of hyperdocument authoring systems ought to allow for a more
complete view of the interconnection of sources and
model, but it must also be searched ways to incorporate most of this information inside the digital model
file, to avoid data loss by mishandled metadata.
Modeling contextual housing, in order to provide background for immersive heritage environments, needs to be improved and properly handled
at the same time. On the other hand, it is not enough
to have “full” models that are empty spaces, without
social or cultural traits. It is necessary to provide elements for the user to discover a purpose for his or
her exploration of that virtual world, hence developing a sense of heritage by means of his or her experiences in the represented space.

Acknowledgements
The author would like to thank his PhD advisors in
PROURB, prof. Rosangela Cavallazzi and prof. Jose
Kos. Thanks also to CAPES and CNPq for the funding

that made this research possible, and to my fellow
researchers of the Laboratory of Urban Analysis and
Digital Representation in LAURD, supervised by prof.
Roberto Segre, for their invaluable support and prolific discussions.

References
Barros, D. R. and Santocono, R.: 2007, Base de datos espaciales y modelos virtuales, in D. R. Barros (ed.), Urbamedia: Base de datos urbanos de areas centrales,
casos de ciudades argentinas y latinoamericanas.
Buenos Aires, Univ. de Buenos Aires, pp. 23-33.
Bertels, I. and Van Balen, K.: 2002, VL-ICOON project:
Iconographical database of the Built Heritage, in:
Center for Documentation of Cultural and Natural
Heritage (ed.), Heritage Management Mapping:
GIS and Multimedia, Cultnat / Unesco, Alexandria,
p. 115.
Culagovsky, R. and Labarca, C.: 2005, c-Code 1.0: Simulación Urbana Digital, in R. G. Alvarado et al. (eds.),
Congreso Internacional Ciudad y Territorio Virtual,
2o. Concepción (Chile), Universidad del Bío-Bío, pp.
159-162.
Flynn, B.: 2007, The Morphology of Space in Virtual Heritage, in F. Cameron and S. Kenderdine, Theorizing
digital cultural heritage: a critical discourse, Cambridge / Londres, MIT Press, 2007, pp. 349-368.
Kós, J. R. and Paraizo, R.: 2007, El modelo de La Habana:
Aproximaciones a la modelización urbana, in D. R.
Barros (ed.), Urbamedia: Base de datos urbanos de
areas centrales, casos de ciudades argentinas y latinoamericanas, Buenos Aires, Univ. de Buenos Aires,
pp. 113-121.
Kós, J. R. and Vilas Boas, N.: 2007, Modelizando la evolución urbana de la ciudad de Rio de Janeiro: La experiencia del Laboratorio de Análisis Urbano y Representación Digital, in D. R. Barros (ed.), Urbamedia:
Base de datos urbanos de areas centrales, casos de
ciudades argentinas y latinoamericanas. Buenos Aires: Univ. de Buenos Aires, pp. 101-111.
Kós, J. R.: 2006, Digital Media Contributions fot the City
History Representation, in T. Kvan and Y. Kalay, New

Session 08: City Modelling - eCAADe 25

373

Heritage: beyond versimilitude – Proceedings of
the New Heritage Conference on Cultural Heritage
and New Media, Hong Kong, Faculty of Architecture
- Univ. of Hong Kong, pp. 115-134.
Kós, J. R.; et al: 2000, The City that Doesn’t Exist: Multimedia Reconstruction of Latin American Cities, IEEE
Computer Society, 7(2), Los Alamitos, pp. 56-60.
Lowenthal, D.: 2005, The Heritage Crusade and the Spoils
of History, Cambridge University Press, Cambridge.
Manovich, L.: 2001, The Language of New Media, MIT
Press, Cambridge / Londres.
McCarthy, G.: 2007, Finding a Future for Digital Cultural
Heritage Resources Using Contextual Information Frameworks, in F. Cameron and S. Kenderdine
(eds.), Theorizing digital cultural heritage: a critical
discourse. Cambridge/Londres: MIT Press, 2007.
Müller, P. et al: 2006, Procedural Modeling of Buildings, in Proceedings for the ACM SIGGRAPH 2006/
ACM Transactions on Graphics, New York, ACM
Press. Available at: <http://www.vision.ee.ethz.
ch/~pmueller/documents/mueller.procedural_
modeling_of_buildings.SG2006.web-version.pdf>.
Rossi, A.: 1995, A arquitetura da cidade, Martins Fontes,
São Paulo.

374

eCAADe 25 - Session 08: City Modelling

