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ABSTRACT: The purpose of this research is the creation of a 3D model of the historical center
of the city of Ravenna, which offers several opportunities: as this kind of representation allows
bringing out the city center features and its spatial and historical complexity, our tool is essential to deepen the knowledge of the city. Moreover, it is a useful instrument for the interactive
exploration of the reconstructed virtual space, as it permits to visualize archeological sites, to
emphasize relevant buildings and areas; furthermore, it is the primary base where simulations
of new interventions on buildings, as well as their surroundings, can be developed.
To build this model we defined a method combining various aspects related to surveying procedures, graphical elaborations, modeling criteria and eventually, output formats that through
its easy layout ensure the user an easy browsing.
As this research is in progress, the results we present in this work constitute the research
framework and the first phase of its application developed over one third of the areas composing the historical center we are taking into consideration.
Future developments may concern the mapping, the highlighting and the representation of
the key city sceneries (gardens, green spaces, paved surfaces...).
1 INTRODUCTION
The research project on the Historical centre of the City of Ravenna began as a piece of applied
research undertaken by second year students of a Surveying and Drawing module at the Faculty
of Architectural Engineering (University of Bologna, campus of Ravenna). This first stage created an opportunity for collaboration between the University and the city’s public administration, starting with the Service for Territorial Information, the Municipality, the Ravenna Province Research sector, with the support of Flaminia Trust. The purpose of this project is to create
a virtual reconstruction of the historical city centre in its present state.
In addition to this virtual model, we had the aim of producing a representation of the road facades, which illustrated the entire system of roads that make up the historical city centre.
We would like to emphasise that the outstanding virtue of this urban model is the high level
of detail attained in the reconstruction of the buildings making up the built environment of the
historical centre.
Because of the increasing interest in the protection and valorisation of the historical urban
morphology, it is evident that the experiments concerning analysis and representation techniques are prevalent. Their aim is that of improving knowledge of the built environment and facilitates urban planning. Because of the continuous pressures upon the city by the constantly
changing lifestyles of its inhabitants; the need for solutions to the city mutation/conservation
are imperative. Thus, new methods for representing systems of information concerning the city
and their subsequent analysis are needed, as these phases are effectively the first of any design
process. And so, great importance is placed upon identifying methodologies and instruments,

which can be employed in the planning process in virtue of their simplicity when representing
the complexities of the urban reality. The main goal is that of allowing an understanding and interpretation of the existing urban environment (morphology, spaces, architectural elements), so
as to recognize and represent qualitative phenomena determining the city’s identity.
1.1 Researches in progress
3D models have become quite common means for the city visualization, both for historical cities reconstruction and for today urban environments. Today, the demand for this kind of visualizations is in constant growth, especially when applied to web world. Moreover, we understand the wide range of possible use on behalf of public government sectors: simulations of
new buildings realizations into existing contexts, offer the possibility to explore in advance
what the perception of city users could be. These kinds of representations allow verifying the
compatibility of new elements in the urban space, from the publicity sign to the big infrastructure, before the submission of projects.
So, a new direction for research seems to be that of the realization of a model, which contains and organizes the information related to the maintenance of the environment and of urban
infrastructures, with database related to infrastructure networks like in a “big digital archive”.
Recent scientific literature shows that description, visualization and representation techniques are gradually adopting 3D modelling in every field. Beta versions of the newest geobrowsing software such as Google Maps or Maps Live are close to entering the market with
their respective production versions. This trend is apparent within architecture as well, especially among the highest levels of design production, i.e. landscape, urban, architectural, and in
particular in the field of visualization and representation of the project. New practices start directly from the model itself rather than from bi-dimensional drawings and orthogonal projections. Data acquisition systems, particularly the 3D laser scan, when combined with the development of operative departments, contributed decisively to increasing the development of the 3dimendional models, particularly when applied to the survey of architecture. The abovementioned object descriptions have been superseded by the management of a unique model, through
which it is possible to obtain diverse information according to a variety of possible demands.
Among the classification of the three dimensional urban models (apart from the cinematographic ones) we will take into account the LOD which has been highlighted in several recent
pieces of research (Corongiu, 2003).
The first one was the model 2.5D developed within the evolution of interactive cartographical systems, maps and aero-photos. On the photographical base the ground was modelled and
the buildings were constructed by the use of very elementary volumes (extruding the external
profile without shaping the roofs). These kinds of models were realised using specialised software (e.g. TerraBuilder and Tridicon) that are employed in a semi-automatic way using cartography and aerophotogrammetrical data, which attains a certain level of detail. This method is
becoming commonplace within the public sector, as a means of communication and promotion
of the territory (http://sit.comune.bologna.it/sit/bologna_3D.htm). A detailed model has been
developed by including the forms of the roofs. As well as the connection among buildings and
those architectonical elements, which define the external facade of buildings (http://www.gtageo.de/).
The third possible level of definition for a model is the application of colours and the employment of photographs, which is used by stitching them onto the external prospects, effectively avoiding shaping the external surface. This kind of use of photography compensates for
the lack of detail concerning the presence of windows or balconies. Such a model presents an
easy construction phase, plus the detailing phase related to the photographic stitching can even
be realized in a semi-automatic way (http://www-video.eecs.berkeley.edu/vismuri/index.html).
A further step is made by the possibility of interaction within the urban space of the model
linking some panoramic views which can be explored, e.g. the “street view” tool that Google is
implementing for its maps sector (http://maps.google.com/help/maps/streetview/). Even the last
versions of GIS software are directed towards these kinds of outputs. They are also easily usable within the adoption of technical standards related to urban planning, e.g. CityGML
(http://www.kampsaxindia.com/menu/services/photogrammetry/3Dcitymodelling/).

Figure 1. (top to bottom) Codification of blocks and phases of construction; Drawings of “Palazzo di
Teodorico and comparison to the QTVR; Façade views.

Beside these visualizations, some other more focussed representations have been developed:
- 3D city models of various urban structures are nowadays realized by developers. They are
recognized as efficient and highly useful tools in urban planning. They can provide urban
planners as well as the public with an easy illustration of major future construction projects;
- some models are realized for the simulation of those effects on precise interventions related
to new constructions, i.e. visualisation of an architect's vision, assessment of consequences
of a building project or circumstances regarding shadows in a new construction project, etc.;
- some of them are instead used within other applications, as simple base to be browsed: it is
the case of satellite navigation systems;
- they are eventually used for the virtual exploration, as means of communication and knowledge of some historical cities and some peculiar sites.
This is a partial summary of some of the most probable applications, but for sure, from this
point many others will be developed in the near future.
The detailing of volumes shaping is still an open problem: e.g buildings facades with their
characteristics, their construction materials. The answer to this issue can represent a turning
point for new scenarios in the use of 3D digital models.

1.2 4 LOD models
How is our study on the city of Ravenna related to what previously illustrated? The model we
realized in this first phase was projected with the aim to reconstruct all the architectonical details (windows and doors, balconies and frames) and for the following application of colours
and textures. When the level of detail rises, consequently the possibilities of use for 3D models
also rise. Therefore, the main goal was the realization of a methodological background for the
definition of an "information tool", useful for the phases of planning, as well as for those of
control and construction. This tool was realized through a detailed analysis of urban, environmental and building systems. Information systems should have the organizational function of
selection (logistics) to support decisions and control intervention activities.
The system should be able to manage the complex relations among infrastructures, building
blocks, and architectural landmarks, in order to support the work developed for the rehabilitation of the urban image. The goal is also to define the system of those invariant parameters,
which characterize a determined site, according to which the interventions should be measured
in relation to local peculiar elements. This instrument is conceived not only to provide information, but also to give support along the planning of interventions, and to sustain in a subsequent
phase of control and monitoring, becoming itself an interface among operators.
The categories of exploration related to 3D models, today are basically related to a few typologies. For example, the exploration of the space within the model reaches a deep level of detail, is one of the more realistic experiences and has therefore the largest application. The study
of the interactions between the building and its context is more sophisticated as it involves extensive experimentation; such as the simulation of noise reduction, the lighting environment in
different conditions, the natural ventilation, the colours of the buildings, etc.
The architectonic documentation state can represents a serious problem in the operative
praxis. It can be sometime lacking, often massive, very often characterized by type of document
of different nature, having different aims. It can be constituted by drawings, papers, archive
documents, pictures, and many others. These documental representations are highly heterogeneous. For these reason it has been necessary to use new technologies and new ways of representation, aiming at producing drawings capable to synthesize the biggest quantity of information available. Within them, the three dimensional urban-scale representations, together with
other well experimented approaches such as photogrammetry, direct and indirect surveying, and
electronic archives, constitute a strongly valuable method.
1.3 Didactics approach
Teaching architectural drawing in courses of Architectural Engineering implies two general
problems: recognizing and understanding architectural forms; the knowledge of those modalities to redraw those forms and architectonical elements using appropriate systems of representation.
Apparently, with this strange synthesis we try to obtain a double mark. First of all we want to
valorise student's learning associating general drawing problems with current methodologies
and techniques, which we will widely describe during the description of our work. Secondly,
the target of this research is to develop our knowledge of those new methodologies and instruments to represent the city, which, today, are under develop.
We tried to check these methodologies translating them into an operating experience oriented
to education, emphasizing the realization of a digital 3D model of the city. Learning the specific
knowledge of how realize it, it is only a marginal step of the project. Different operations together with the variety of knowledge, both theoretical and operative ones, have a very important
role in forming students, who approach this kind of exercise. The key feature is represented by
the integration, in an operative practice, between different methods and works.
The study was conducted by the research team led by L. Cipriani and composed by M. Ballabeni, E. Modde, M. Roberto in collaboration with the Flaminia Foundation, the Faculty of
Engineering of the University of Bologna-Ravenna Campus, and the Research Area of the Province of Ravenna.

2 THE DIGITAL MODEL
The main awaited result of this study was the generation of a digital model of the historical centre of the city of Ravenna. The initial construction of the model provides some colourless volumes; then textures are attached to reconstruct buildings, starting by the main ones. Secondarily, this work aimed at experimenting different systems of exploration, visualization and
interoperability among different sources of electronic archives.
2.1 Construction of 3D digital model
The first characteristic assigned to the model deals with the ease of realization, by means of
very common, widespread software, addressing potentially vast audience of users, granting a
good quality of representation and visualization. The research team tried to simplify the architectural complexity maintaining irregularities (i.e. vertical and horizontal alignment of windows
and doors, irregular perimeter profile of walls, architectural ornaments).
The 3D reconstruction is based on an accurate surveying of the existing buildings, and,
within certain limits, it reconstructs irregularities. For this reason, traditional techniques and
modelling systems were preferred to other specific applications probably faster but less flexible.
To build this model we have defined a method based on the following aspects:
- the city center has been divided in multiple areas and each area has been surveyed
- a two dimensional surveying has been built by using photographic surveying
- several graphic bi-dimensional drawings surveying have been done
- to merge surveying, a graphical coding standards of 2dimensional drawings has been applied; moreover a coding standard showed its usefulness in fixing different level of detail.
- the orthographic plan joined with the 2dimensional drawings of the fronts allows to shape a
three dimensional object
- Different criteria have been established to merge several files into an organized master file
- The final model of the city center has been exported in *.pdf format. The last version of this
format (8.0), allows the user to visualize and browse the model in several modalities.
In the following sections, we are going to describe the chosen operations for the realization
of the digital model and the implications of several phases.
2.2 Preliminary steps, identification and tagging of urban blocks
The available vectorial aero-cartography, with a level of detail of 1:1000, represents the common base on which was possible to reference the model.
Using the cartography regarded: coding urban blocks, naming them in an unambiguous way;
sharing and linking general surveying data with partial surveying (i.e. altimetry quotas and perimeter blocks profile); highlighting urban divisions (constituted by one ore more blocks,
depending on their sizes); assigning urban divisions (or part of them) to different workgroups; each workgroup had to carry on surveying and modelling procedures.
2.3 City blocks surveying
City surveying is very important as a phase of a student in architecture’s learning path, which is
directly connected with architectural spaces and forms. The inherent duality of the traditional
surveying, described as the processes of measuring and graphically reproducing buildings, directs the student to synthesize what drafted on preliminary drawings.
Moreover the sheer size and features of this activity imply the student is gaining experience
on a range of profession-related issues such as team working and coordination of resources in
large groups. This situation entails some complications compared to a small working group
scenario. It has been chosen to let students directly experience these organizational problems at
the accuracy of the final results expense. They took part to the challenge and the proposed
remedies with the purpose to let them tackle the following issues: the management of the shared
instrumentation; interference among teams’ planned activities; sharing of procedures and methods applied to surveying and drawing; the application of standard rules and graphics codes

relevant to redrawing; communication among teams and feed-back.
This step has been taken integrating vector aero-cartography data with direct surveys. The
procedure has allowed the generation of a ground floor plan of the buildings. Photographic surveying of the exterior facades (street front) have been collected and digitally linked to the
plans.
As a general and shared approach, the discrepancy between the direct surveying and aerocartography data has been resolved by choosing the general sizes coming from the latter, being
assumed as a common geographic reference. On the other hand direct surveys have been collected, organized and corrected to enrich the model in terms of depth not possessed by the map.
External surveys have been taken with a level of detail compatible with the scale 1:100. In particular, in order to have a wider coverage of the building and considering the narrowness of
many streets, a software tool (PTGUI) was used to stitch partial photos: this simple procedure,
allowed the generation of single photos of the buildings, to use as a bi-dimensional rendering of
the facades. Sizing up the elements was possible by means of previously taken measures and
modular arrays of elements of known sizes.
The application of different techniques, such as the 3D rendering from photographs only using PhotoModeler, has been evaluated, tried and discarded, on the basis it was considered not
advantageous in terms of time and number of photos to manage.
2.4 Graphic encoding of the two-dimensional drawings
Even if the primary goal of this research phase was the generation of a 3D model, an intermediate phase constituted by the bi-dimensional rendering of facade views showed to be necessary.
Even restricted to this context facade views don’t decrease their importance as tools; they represent an important document, useful for different applications and goals.
For this reason, and for a better management of the 3D model generation, a reference model
has been engineered capable of coding the modality of re-drawing reality, the graphic symbols
and the organization of working plans in order to obtain different scales of detail from a single
work. With the aim of acquiring a homogeneous projection of the facade views, a highly typed
graphical coding, and simple procedures on the redrawing modalities of out-of-view objects
have been put in place. The use of a pre-organized template file generated a reduction in the error margin in applying graphical coding. Appropriate graphic encoding and simple procedures
on the modality of rendering out of plan objects was necessary to obtain a uniform rendering.
The reduction of error in the encoding application has been accomplished by creating explanatory graphically organized templates.
2.5 Building the wooden physical model
At first, considering the reconstruction of volumes at stake and mutual relations, as a moment
of investigation related to the physicality of places, a physical model of study in wood (balsa)
was drawn up. The model was drawn to a scale of 1:333, and the final size would have been
approximately 4 x 5 meters. The use of this model together with a digital one brings about interesting considerations relating to the figures of the places on static and dynamic views.
It is evident this stage is very costly and takes long time to be completed but it also encompasses significant educational values associated with research; moreover the model can be used
for public displaying at exhibitions.
2.6 The block modelling
The block modelling was conducted according to conventional procedures using the planimetric
base and elevations plans. The private interior spaces of the blocks were developed only at a
volumetric level. As with the bi-dimensional views, common modelling rules were defined and
gathered in a model example; again, the greatest difficulties are related to the complexity and
heterogeneity of the elements of urban space. The model was defined by taking into account the
following objectives: capacity of displaying items from elementary to detailed volume; lightness of files; line hidden final rendering or shaded in tones of grey. With regard to the lightness
of files, processes capable of simplifying the representation of the reality while maintaining its

Figure 2. Views of the digital model and screenshoots from Acrobat Reader.

recognizability were privileged. Some elements were reduced to bi-dimensional objects considering the negligible difference in the final display (eg. bars, railings and thickness of window
frames...). This last step was critical with respect to many of the non-coded elements (e.g.
shelves, cornices, balustrades...), developed in different ways by different surveyors.
The final solution, taken in the later stages of research, could be identified in a sufficiently
extensive repertoire of proposed solutions for the modelling of these elements.
Considering the ground modelling, the non-planarity of the ground, despite being characterized by very little gradients (about 2 meters in maximum height difference), was taken into account. The solution chosen was the modelling trough elementary polygons. Dealing with the
characterization of roofs aerial photos and www.maps.live.com supplied photos were used and
integrated with on-sight and photographic surveys. The choice of a conventional character
modelling is also linked to educational experiences developed in a synergy with research; in
subsequent phases a comparative study would be necessary, for example, between this approach and use of parametric CAD.
The 3D models were organized as a reference file linking individual models of blocks to a
single master file.

2.7 Important spin-off: the representational tools
The documents created building the model have an important spin-off: they become analytical
and representational tools of the urban environment themselves. The most important material is
represented by the production of bi-dimensional front road views. This work allows the show of
street buildings in their wholeness, thus to observe and study the urban streets and to appreciate
the single building inserted into the system of facades. The result is a framework of knowledge
that recomposes heterogeneous information and returns, clear and concise, the morphology of
the town.
Secondarily, to give further depth to this type of representation, a catalogue of the most important and significant buildings have been developed, increasing the level of detail. (plan and
elevation, scale 1:50).
Finally, some of the photographs made for the redrawing of fronts were organized to build a
catalogue of significant architectural elements (doors, windows, portals ...). The photos of the
chosen items were "straighten", dimensioned in scale and paged in ad hoc A4 forms.
2.8 Visualize and browse the model in Acrobat 3D
Considering the premises, the digital model must be visualized in an easy way, even without
particular software, accessible using popular media such as the Web, CD or DVD.
It was chosen to experiment Acrobat 3D version 8.1. This software seemed the most convincing among every other conversion software and formats. It can utilize a variety of file formats,
including many types of 3D models. It allows conversions preserving the original file's structure. The number of polygons can be reduced, to remove small objects and duplicate parts, and
to decrease the overall file size.
Acrobat stores 3D data as either PRC or U3D format (Universal 3D, an open standard format
used primarily for visualization and publishing purposes). The choice of Acrobat 3D meets
many requisites: wide opportunity to control the parameters of conversion intervening on quality/dimension of files; conversion of files in large formats; preservation of the original file
structure (layer hierarchy) explored through the "model tree"; possibility of inclusion of PDF
files in other applications, eg.: MS Office; navigation and exploration of the model and ease to
recall assigned views; measurement of the objects displayed;
Finally, the possibility to easily connect objects part of the model to external applications
makes possible exploring the model together with the data associated to the model itself.
3 PROBLEMATIC ISSUES
The described 3D model presents several problematic issues that we haven’t completely solved.
In the following phases of our research project, our attention will be focused towards those
critical aspects we face when constructing the model.
3.1 A complex realization process
The model was created following a traditional process (survey - plants - views - 3D), which required an extraordinary commitment by the many operators, involved. Our aim now, is that of
reaching the optimisation within this production process.
Now, our work has two different directions: we intend to calibrate “dimensional accuracy”
according to the models final requirements; we also intend to improve the construction procedures through the adoption of automated procedures.
First observation: the built model is basically isomorphic to the real city, and seems too "detailed" with respect to the possible uses. This is not in fact a model created for urban recovery/restoration. Thus, taking into consideration the process as a whole, we believe that a minor
dimensional accuracy can be chosen, if we maintain the accuracy of the geometric relationship
among the main elements. A first simplification is the reduction in the amount of measurements
taken when redrawing the plant’s profile; furthermore, we are taking into account the option to
eliminate the procedure concerning the redrawing of the facades. However, this last option

gives rise to issues like for example, the fact that the other drawings produced within the process, become “unusable” for applications which are independent from the 3D model uses (urban
planning, plans colour, etc.). In this case, the model should be realized taking into consideration
the data related to streets disposition, basic buildings plans profiles, and roofs and tops altimetry, that are shown in the aerial maps; these data are integrated by a simplified surveying considering the buildings external profile. The drawing of facades can be reconstructed on the basis of a meticulous photographic surveying, with photos of the buildings stitched into a mosaic
and straightened with the help of software (e.g.: PhotoStitching).
3.2 Realistic textures and colours
The textures mapping involves several issues, particularly related to operational aspects. Initially, we applied on the surface of the single building model, the image (photo-mosaic) showing its overall facade. In this way, we limited the transactions to be carried out over the architectural elements defining each façade per each building.
This first step was then followed by other operations aiming at the definition, over the facades’ images, of all openings like, windows, doors, arcades, etc. This was possible by cutting
out the related portions over the facades photos. This phase of the process is particularly delicate because of the existing gap between the geometric 3D model and photographs mosaics,
which are not always dimensionally correct.
Three different types of solution were imagined.
- We tested other software, more specific in the construction of the 3D model, and providing
an easy management of textures and dimensional parameters.
- We examined the possibility of a differential use of textures, by differentiating the layers
they were associated to. The employ of textures, in this case, is not set for the whole urban
environment, but layered according to different levels depending on the type of buildings.
We set three representative levels. The basic level renders only the masses (not coloured):
this layer contains all the buildings volumes that constitute the basic construction of the city
(so-called "soft-tissue"). The intermediate level is dedicated to the building colour survey
and is reserved to those buildings that have a particular importance. The high level presents
the photo-realistic textures that are applied to the most significant architectural buildings.
- We looked for simplified procedures for the textures mapping of the model. We take into
consideration the use of specific software more efficient compared with Autocad
(http://www.procedural.com/cityengine/rome-reborn.html).
3.3 Representation of urban spaces: solids and voids
In the first phase the attention has been paid more to buildings, with particular reference to their
geometric modelling. The results obtained - with particular regard to rendering and navigation
of the model - show a gap between the reality and its representation. The main reason is that in
the first stage we neglected many elements as we considered them of secondary importance.
This assumption has proved to be substantially wrong. The elements of separation like walls,
fences, hedges, are essential when defining the spaces. All the difference in level among the
different structures, and the structures realized to cover them (sidewalks, stairs, etc.) as well as
the diversity of materials for each facade, are essential elements when representing horizontal
surfaces. The vegetation (trees, hedges, flower pots, etc.) representation reduces the abstraction
of the representation of reality.
In this second phase of the research we have done a collection and classification of these elements qualifying the urban space, and we have shown the method for modelling them. We are
therefore trying to apply this digital model, and evaluating the rendering and the lightness of the
result.
3.4 Simplification and identification of forms
In order to build the model, we have designed a set of common rules, both graphics and modelling with the aim of obtaining a homogeneous result. The standardization was laid out very
concisely to promote the ease of application and its compliance. However, this standardization

does not provide sufficient guidance when modelling architectural elements showing a complex
shape (e.g. capitals, brackets, columns, beams, gables...). In fact, the modelling of these parts
presents a strong diversity of cases; this is due to the different modelling choices followed by
each performer.
This problem was solved by building a guiding-tool for modelling, similar to the one prepared for urban spaces, but different in its contents. The instrument consists of a catalogue of
building complexes, which are numerous in the city. The architectural elements are represented
one by one in a sort of typological report showing photos and drawings in orthogonal projection. For each item, a method of modelling is given as a reference; with the realization of this
reports we tried to cover all the possible cases morphologically similar.
4 CONCLUSIONS
The results obtained in this work constitute a preliminary research phase; the analysis of this
framework allows programming future activities, defining methods and necessary tools.
The first step showed the necessity to attach textures to the reconstructed buildings, and to
highlight the infrastructure components of the city too. Moreover, it should be recommended to
widen the field of research to other parts of the town, which are meaningful for the town itself.
These include the relationship between the city and the sea, through the city harbour, the Candiano channel, the port and also the archaeological sites of the so-called "Lower City".
A preliminary close look concerns the modelling of infrastructure systems such as roads and
water related systems, including those that are now invisible (e.g. urban navigable channels,
channels generally), underlining the principal characteristics of the model, its geometric dimensions, flows of traffic, etc.
Closely linked to this theme is the analysis of urban poles, such as the main squares, axes,
large architectural complexes.., and urban historical and future transformations. The visualization of these phenomena using a 3D model, through opportune data filtering, allows turning the
model into an effective tool for simulating interventions and substituting buildings.
Moreover, the characteristic of the representation of the keys sceneries of the city, the gardens, the green spaces, the paved surfaces and the asphalted ones, are to be objects of further
analysis.
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