
The 7th International Symposium on Virtual Reality, Archaeology and Cultural Heritage
VAST (2006)
M. Ioannides, D. Arnold, F. Niccolucci, K. Mania (Editors)

WWW-Based Building Information System for
"Domus Severiana" Palace at Palatine in Rome by

Open Source Software

Katja Heine1, Christiane Brasse1, Ulrike Wulf2

1Brandenburg University of Technology at Cottbus, Germany
2Deutsches Archäologisches Institut Berlin

Abstract
The aim of this research project is the digital documentation of the "Domus Severiana" Palace at Palatine in
Rome through the integration of geometrical 3D- and non-geometrical information. The great density of infor-
mation requires an efficient concept of data storage and management and an adequate means of presentation of
high quality. The decision was made to develop a www-based information system based mainly on open source
software modules. Linux, Apache, MySQL and PHP as well as VRML-data format as open source components,
were used for the information system; only the construction of the 3D-geometrical model was realized by means of
commercial software. The 3D-model shows the different construction phases and depicts the reconstruction ideas
at the respective different construction phases. Above all the 3D-model is the basis of joining the building infor-
mation system to other sources of information, available in databases: the digital "Raumbuch", which contains
all non-geometric information about the several rooms, archives of plans, drawings and photos, catalogues of the
devices, brick stamps and constructions, as well as keys to literature and archives. The data storage, management
and analysis are the central tasks of the project; realistic visualisation is secondary.

1. "Domus Severiana" – part of the impressive imperial
palace on the Palatine

One of the buildings of antiquity that have shaped the ap-
pearance of the city of Rome to this day is the Roman im-
perial palace on the Palatine, which in conjunction with the
Circus Maximus, forms an impressive ensemble. The well-
preserved, monumental ruins reach a height of more than 48
meters and have always been visible. In 1998 as a part of
preparations for restoration the Soprintendenza Archeolog-
ica di Roma commissioned the departments of Building His-
tory and Surveying of the Brandenburg University of Tech-
nology at Cottbus with the investigation of this section of the
imperial palaces. Historical research into the construction of
the area of the "Domus Severiana" was conducted from 1999
to 2003. In 2002 the project was expanded to include stud-
ies of the "Garden Stadium" and the remains beneath the
monastery of San Bonaventura.

At the beginning of the documentation process eight years
ago there existed only confusing plans of the "Domus Seve-

Figure 1: Building complex of the "Domus Severiana" at
Palatine in Rome.

riana". One reason for this is probably that only a few, diffi-
cult to- interpret fragments remained of the architecture that
rose above the main floor. In addition, the highly compli-
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cated organization of rooms, extending over several stories,
resembles a labyrinth, which at first sight reveals nothing
about the rooms’ former use or their relation to a particu-
lar period or group of buildings. The few existing plans of
the "Domus Severiana" show the building complex, which
is organized over six stories, projected onto a single plane
without any differentiation of the different heights. There-
fore the primary concern of the current documentation has
been to represent the building according to its planes in six
sections, which in turn can be clearly related to each other.
Faced with the considerable height and complexity of the
ruin and a surface area of 300,000 square meters, distributed
in some cases on vast and poorly lit levels, this has not been
an easy task. It could be achieved only through the use of the
most modern surveying technology. The methods of record-
ing and surveying the entire installation have been described
in detail in [WR00], [Wul01].

Aside from the traditional tachymetry with reflector,
tachymetry without reflector was applied as well as pho-
togrammetry and traditional manual survey. All measured
points are related to a coordinate system. The measured data
underwent a computer-based revision and thus are available
for further drawings, for instance, with the AutoCAD system
or as 3-D coordinates for a three-dimensional mode.

On the basis of this documentation numerous individual
observations on building details (such as joints, seams, var-
ious types of brickwork, foundation and vault techniques
as well as surface and decorative details and extant brick
stamps) were recorded in a room inventory ("Raumbuch"),
which allows the systematic registration of all relevant de-
tails for the 186 rooms. In order to recapitulate the com-
plex findings three-dimensionally and to more easily track
changes about the sequence of building phases, a three-
dimensional model of the entire documentation was made.
It also serves as a departure point for reconstruction consid-
erations.

2. Requirements for the Building Information System

The investigation of the building structure and the chronol-
ogy of the building phases as well as the documentation
of the investigation results required the installation of a
digital Building Information System (BIS), that is, a 3D-
Geographic Information System (GIS), which integrates ge-
ometrical data and non-geometrical information. The main
components of the BIS are the 3D geometrical model of
the building complex set up by AutoCAD software and
databases for the special non-geometrical information like
"Raumbuch". Although there are many commercial GIS-
software products available, for real 3D application only a
few are offered. The requirements to the BIS for the "Do-
mus Severiana" are as follows:

• Integration of 3D geometrical data
• Integration of very complex non-geometrical information

with a high density

• Centralized data management
• Decentralized access to the information from any place

worldwide
• Efficient publication of research results
• Easy to operate software for non-specialists
• No license cost for data reader / viewer

From an analysis of several products it was realised that none
of them was able to fulfill all of the requirements of the BIS
and thus an independent solution was necessary to develop.
It was decided to realize this on the base of open source soft-
ware modules. Apart from the advantage that open source
software has no license costs, the use of open source tech-
nology because of the open source code enables an opti-
mal adaptation to user requirements. In addition, contrary
to many proprietary programs open source software facil-
itates a standardized data exchange because of the use of
standardized protocols and formats. High stability and se-
curity are characteristic of most open source software prod-
ucts, especially those with a wide distribution, due to inten-
sive testing and development by the community of software
developers. The decision for an open source solution often
involves spending more time for installation and adaptation,
but it may be a more sustainable solution than the alterna-
tives.

For another research project of the participating insti-
tutions, the investigation of urban history of Baalbek /
Lebanon, database modules by open source technology al-
ready were developed [HLFG05]. It made sense to use
these database modules and to supply special databases like
"Raumbuch" for the room inventory to the database system.
The advantage of this solution is that the main part of the
database system can be used by both projects.

3. Structure of the Building Information System

The complete open source LAMP-System was used for
the implementation of the database system. LAMP means
that the system software is LINUX and the server soft-
ware is Apache. MySQL (http://www.mysql.com) is used
for the databases and the scripting language PHP (http://
www.php.net) accomplishes the communication between
www-client and the database system server (see fig.2).
LAMP is a very common open source technology, which
is used worldwide even by large companies. Geometrical
information is depicted by VRML (Virtual Reality Mod-
elling Language), and the usage of X3D data format is
planned. Both are standardized data exchange formats for
3D graphical information on the World Wide Web. The
user needs only an Internet browser and a free avail-
able viewer like CORTONA VRML client (http://www.
parallegraphics.com) or Octaga player (http://www.
octaga.com). All these open source components are widely
used and well accepted.
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Figure 2: Technology of the www-based building informa-
tion system.

3.1. Design and Functionality of the database system

The database system is set up modularly (see fig.3). That
means it consists of several databases. Some of these mod-
ules have a basic character such as the bibliographical
database and databases for photos and drawings. Others, like
"Raumbuch" for the room inventory, as well as databases
for architectural fragments and for archaeological finds have
specific contents. All information relevant to the building has
to be stored in the database system in a consistent way. In ad-

Figure 3: Modules of the information system.

dition the system structure has to allow for complex queries
using relevant search tools. Databases for building research
and archaeological purposes as a rule are characterized by a
high number of attributes and a high degree of complexity.
The conceptual phase of the implementation is very impor-
tant and requires an intensive cooperation between users like
architects or archaeologists and computer scientists.

3.2. The concept of the database module for room
inventory

For the information system of "Domus Severiana" three spe-
cific modules were developed. The database of room in-
ventory, the database of architectural fragments, and the
database for 3D- objects. The database module "Raumbuch"
for the room inventory is of central importance. There are
already good examples of architectural-fragments databases
such as the database "Arachne" of the "Forschungsarchiv
für Antike Plastik" of the University of Cologne (http://
www.archaeologie.uni-koeln.de); thus the structure of
"Arachne" database was used for the "Domus Severiana"
project as well. The third special module of the system – the
database of three-dimensional objects, consists of many data
sets but with a simple structure, comparable to the structure
of the basic modules like the photo database, so the realisa-
tion was quite easy.

During the campaign on the Palatine, an analog catalogue,
organized according to the six main levels, has been pro-
duced. The use of the "Raumbuch" was necessary to collect
all information which could not be represented by plans. For
every room there is a data sheet that consists of textual infor-
mation and all views as sketches, on which all construction
details are registered, along with important measurements
and information about joints, building periods, earlier fit-
tings or furnishings, dating criteria, and peculiarities in tech-
nique, brick stamps, etc. This analog catalogue cannot be
used for analysis, of course, because it requires an extensive
time to search and find various information. A more practical
instrument is the digital "Raumbuch" database which allows
one to archive and work with a large mass of non-geometric
information and to use selective queries.

The concept of a very flexible and comprehensive struc-
ture is a basic condition, but it requires a great deal of time
and effort. The most important requirement of a database is
the well-defined and consistent assignment of information to
the different objects. It quickly became clear, that the struc-
ture of the analog "Raumbuch", which assigns all informa-
tion to the rooms, would have to be more detailed. The dig-
ital database not only stores all information about the rooms
and special attributes of structural elements, but it must also
represent the topology of geometrical constructive objects.
Topology describes the invariant connections and relation-
ships between objects for instance, which wall elements
form the boundary of a particular room. Indeed the room is
the superior class. However, only with the surrounding con-
structive elements does a room become visible. These con-
structive elements are classified in different groups; there
are horizontal elements – (floors, slabs or vaults), verti-
cal elements (walls) and other elements (sewers, pillars and
columns). These elements belong to the subordinate object
classes and can later be linked to the several objects of the
three-dimensional model. Nevertheless these elements con-
tain more specialized constructive information such as the
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openings (doors, windows or niches) or the very important
brick stamps. These objects are collected in their respective
classes and are linked with the constructive elements. On one
hand constructive elements with linked special elements can

Figure 4: Data sheet of a room with linked information
(marked by the blue line).

be assigned to the different rooms, and on the other hand the

detailed structure enables the assignment of a certain wall to
several rooms (see fig.4).

Another class is composed of the decoration of a room;
such a class may contain, for example, mosaics or plaster,
which are connected with constructive elements. Because a
wall can have a different decoration in different rooms, the
decoration is assigned with the room and not with the con-
structive elements.

The detailed structure of different classes enables a hier-
archical assignment. With the inherited attributes all infor-
mation about a room can be indicated or selected, without
having to include an object into various classes. To simplify
handling, every class consists of a similar structure with sim-
ilar terms to describe the objects. For example the terms of
typology, interpretation, or state of preservation are used in
all classes, of course with variable content.

Information of the basic modules can be linked with the
objects of the "Raumbuch" in the same way. The previ-
ously described sketches of the analog "Raumbuch" are col-
lected in the plan database and can be linked with differ-
ent rooms. When that is done a system is produced which
includes all information of the analog "Raumbuch" and the
other archives in a well-defined way. This complex database
is a useful instrument for working, searching, and analysing
the information of the "Domus Severiana".

The hierarchic structure of the database "Raumbuch"
(see fig.5) is equivalent to the hierarchic construction of a
common building; hence this module can be used for other
projects too, without any changes.

3.3. Modelling geometry

In order to display the complex information contained in
the different levels of the "Domus Severiana" a three-
dimensional model was created. To produce the CAD model,
measurements and the scanned set of plans are integrated
and referenced to Rome’s city map. Measurements and plans
form the geometrical basis for abstract representation gained
from simple 3D cubes. The preciseness of the CAD-model
cannot correspond closely to the criteria used for the doc-
umentation of the building; the amount of work such pre-
cision would require would not be justifiable. Although the
abstract model shows the irregularities and particularities of
the building, it does not give a detailed rendering. The cre-
ation of the CAD model has been described in more de-
tail in [RW02]. The 3D-model facilitates a better naviga-
tion through the installation and offers a better visualisa-
tion of the existing building (see fig.6). In addition, the
model provides for the analysis of complex structures and
can be used as a basis for reconstruction ideas of the differ-
ent building periods. Ideas related to load-bearing construc-
tion, construction sequences, and use of and access to dif-
ferent units, can be checked quickly and can be represented
three-dimensionally. Irregularities in the building structure
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Figure 5: Concept of the database "Raumbuch" for the room inventory.

(e.g. the position of load- bearing walls in the different lev-
els) become clear while creating the model.

3.4. Visualization of geometrical data

The 3D-model is composed of individual room elements. So
it represents the same topological structure as the "Raum-
buch" database. Corresponding elements of both modules
can be linked. For the visualization of the geometrical
model on the Internet, the AutoCAD data are transformed
into VRML data format. The export of dwg- or dxf-files
into VRML-files is possible because almost every CAD- or
3Dmodelling program includes an export function to VRML
file. These VRML-files can be displayed by a 3D-Viewer,
which includes the necessary, simple functions of naviga-
tion. The Viewer also offers the options of interior perspec-
tives or virtual walks through the complex. The technical ad-
vantage is the very small size of the files. The whole model
of "Domus Severiana" consists of more than two thousand
objects but the file size is only 1.7 MB. Such a minimal size
guarantees fast processing on the Web. The second advan-

tage is the open code of the files, which allows for the stor-
age of information of the several 3D-objects in the database.

3.5. Data analysis and queries

The connection between non-geometrical data stored in the
databases and the 3D geometrical model has to be realized in
such a way that two tasks can be performed: One, it must be
possible to get information from the database about build-
ing objects such as walls while one is navigating through
the 3D model. Two, the result of a SQL-query done in the
database, for instance a wall with special attributes, has to be
displayed. It is indispensable to utilize object keys, which are
identical in the database and in the geometrical model. The
geometry of every object, i.e. every wall in VRML format is
stored in the database. The description of geometry and ap-
pearance of the particular objects were filtered out from the
general building model by a parser. With the key the 3D ob-
jects and the objects of "Raumbuch" can be linked. If a query
results in a set of objects, a temporary VRML file set up from
the geometrical description of the individual objects is com-
piled. The appearance of the objects depends on the dating
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Figure 6: 3D geometrical model with several levels of the building complex.

Figure 7: Result of a query, visualized by a temporary VRML file.

and thus on the building period the object belongs to. For ex-
ample one can search in the database for all walls with brick
stamps in the Flavian phase, and then all these wall objects
are visualized in the model. Additional 2D ground planes are
included into the VRML files for a better overall view and

navigation (see fig.7). The simple code of VRML enables
the control of object appearance in a VRML-file depending
on the value of a certain attribute such as the building pe-
riod. If the building period is changed, the colour of the 3D-
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object is changed automatically. Thus new assumptions can
be checked easily by the model.

The inverse direction from the VRML model to the
database is to be solved by including hyperlinks from the
geometrical object to the corresponding data set by a pass-
ing parameter in the form of an object key. The integration
of hyperlinks is realized in all typical VRML-viewers. When
one clicks on an object with the hyperlink icon, a program
routine detects which object was selected. The key number
of this object is included as a parameter on the http-address
for the database request.

The function of visualizing the layer-structure of Auto-
CAD is an important function used to show and hide ob-
jects. This possibility doesn’t exist in typical 3D-Viewers.
Programming of a special function is necessary to reach bet-
ter functionality for navigating through the model.

4. Research results of building history received from
BIS

The 3D model, the analysis of the information stored in the
database, and the plans of the building phases make it possi-
ble to look at individual phases one by one: the first phase,
the pre- Flavian structures (middle of the 1st c. A.D) can-
not be interpreted with certainty. The second phase, the first
Flavian phase, brought to light one of the most surprising re-
sults of this building analysis: as early as the end of the first
century A.D. the Flavian imperial palace extended far be-
yond the so far known area, the delineations of the "Domus
Augustana" and the adjacent "Garden Stadium". A substruc-
ture formed an artificially created huge platform for the main
story with a row of viewing rooms, which opened with tall
windows to a huge water basin. Towards the southeast, fac-
ing the Circus Maximus, this area terminated with a colon-
nade that may have opened with a column or pillar arrange-
ment that allowed for a view to the Circus and the surround-
ing landscape.

Except for an addition, also from the Flavian time, and
an intermediate phase that can be dated to the 2nd century,
no larger building activities can be detected as having taken
place until Severan times. A large-scale destruction, which
most probably occurred in connection with a huge fire that
has been documented for the winter of 190/191 A. D., must
have preceded the Severan changes of use and additions. The
main story must have suffered so much during the fire that it
was almost completely rebuilt, though apparently the ground
plan was retained. Septimus Severus not only renovated this
part of the palace but also extended it in order to create space
for a new bathing complex high above the Circus Maximus.

The end of building activities in the area of the "Domus
Severiana" is marked by a further generous extension of the
Severan bathing complex. Once again, the platform was con-
siderably extended. The springing of vaulted arches shows
that the installation was much more extensive than today’s

visible remnants. The bathing rooms occupied a large area
of the platform and the former viewing rooms were incorpo-
rated into the architecture of the bathing complex. Unfortu-
nately nothing can be said about the individual look of the
additional rooms because today nearly all installations are
lost.

The documentation and architectural-historical investiga-
tions of an extensive and complex installation such as the
"Domus Severiana" couldn’t be realized within the justifi-
able limits of time and financial expenditure without the ap-
plication of modern technology. Also it is necessary to use
innovative, new methods and media for evaluating and pre-
senting the results of the detailed investigations as they were
carried out with thousands of individual findings, which can
be difficult to track, especially in such a three-dimensional
complex and confusing area.

5. Prospects

The information system is a practical and effective instru-
ment to store and analyse non-geometric information and to
link this information to the 3D geometry of the great building
complex of the "Domus Severiana". Due to the Internet, this
information is available to users across the globe. The use of
open source software and formats guarantees the access to
this information today and in the future without limitations.

The concept of the BIS is not limited to the "Domus Sev-
eriana" project. Rather it shall be used also for other areas
and buildings on the Palatine like "Domus Augustana" and
the "Garden Stadium". The structure of the databases of the
Building Information System and the object classes and at-
tributes included are conceptualised in a generalised form, so
that the application to other buildings can be easily realized.

Furthermore the intention is to set up a basic information
system for building historical research projects in general.
By including database modules and solutions developed for
the already mentioned Baalbek-project, e.g. for visualisation
of 2D geometries by a MapServer, a multi-pur pose infor-
mation system applicable to any building historical research
projects can be developed. Two basic problems have to be
solved: One an ontology of building research data for creat-
ing a semantic standard has to be worked out, and two ex-
isting standards for modelling geometry such as standards
of Open Geospatial Consortium (OGC) and ISO TC 211 as
well World Wide Web Consortium (W3C) standards have
to be strictly considered. The concept of a basic information
system can be successful and well accepted only if these pre-
conditions are met.

A basic information system for historical building re-
search would be a helpful support of research projects in
building history and at the same time it would offer an effi-
cient tool of publication, exchange, and archiving of research
data and results.
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