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MonArch – Digital Archives for
Monumental Buildings

Burkhard Freitag, Christoph Schlieder

Digital archives form a technological basis for preserving our cultural heritage. This article focuses on archives for
monumental buildings and discusses what semantical support is needed to achieve both usability and interoperabil-
ity.

1 Introduction

Monumental buildings such as cathedrals or castles together
with their often very old and large archives form an im-
portant part of our cultural memory and heritage. Unique
documents like medieval manuscripts, precious incunables,
and church registers as well as original building plans, con-
struction reports, old chemical recipies used for repairing
and various others can be found in these archives. How-
ever, in many cases only a fraction of the existing docu-
ments have been catalogued, inventoried, digitally secured
and preserved. Moreover, it is not straightforward to relate
documents to each other based on their contents or proper-
ties.

Even if the archived documents have been digitized
and are digitally stored, which is the aim of many research
projects all over the world, retrieval based on structural
neighborhood or similarity, for example asking the query
"give me all documents related to a certain façade segment",
is only scarcely supported by existing digital archives for
monumental buildings. Mostly, the physical documents are
merely stored in chronological order in a more or less sys-
tematic way. There is practically no index or register relating
the documents to the building’s structure.

Similarly, it is close to impossible to systematically ex-
ploit the document base of a monumental building based
on properties like the kind of damage occurring in structural
parts of the building, given a certain architectural category
or cultural style. The only way to find the desired information
is to sequentially scan the entire archive which often means
having to inspect thousands of physical documents.

Presently, most archives of monumental buildings are iso-
lated in the sense that they serve as a stand-alone store
of physical or – in some cases – digital documents. There-
fore, it is also impossible to interconnect different archives as
postulated by Borgman [2]. As a consequence, semantically
connected documents that are spread over different archives
cannot be related to each other.

Another issue arises from the missing standard of doc-
ument descriptions. To date no consistent set of metadata
and no metadata model exist, either for the structural model
of the building or for other descriptive categories such as
material used, kind of damage observed, architectural cate-
gory, cultural style. Therefore, asking queries across different
archives and buildings is almost impossible, let alone com-
bining several digital archives in a peer-to-peer network as
proposed in recent research (see e.g. [7]).

In this paper, the MonArch framework [15] for distributed
web-based digital archives for monumental buildings is de-
scribed1. The MonArch project can be seen as a contribu-
tion to built heritage preservation, i.e., keeping monumental
buildings in good physical order, understanding their cultural
and historical context, and conserving all related documen-
tation. The digital archives considered are centered around
construction- and maintenance-related documents, but also
can and do accommodate documents mainly describing ar-
tifacts like paintings, sculptures and others. The MonArch
framework supports spatial and structure-oriented queries,
context-based search and retrieval, as well as an extensi-
ble indexing scheme based on a multidimensional metadata
model. The system is cooperation-ready by both its commu-
nication architecture and its ability to use ontologies for se-
mantical information integration. The MonArch system is al-
ready in operational use, but is nevertheless evaluated con-
stantly and adapted to real life needs by a project group
consisting of master builders of various monuments, restora-
tion scientists, architects, and computer scientists. Currently,
the evaluation is mainly performed from a technical point
of view and monitors parameters such as general usability,
functional completeness, adaptability and performance.
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Figure 1: Main Components: MMSarchive and DMA
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2 Overall Architecture

The MonArch framework consists of two main components
(see Figure 1): MMSarchive is a system supporting the
semantics-guided construction of graphical maps and the
thematic mapping of various phenomena related to build-
ings. The Digital Monument Archive (DMA) allows the storage
and retrieval of digital documents according to their meta-
data and by navigation along the structure of the building
under consideration. Both components can be coupled to
exchange their thematic maps and glossaries based on the
standard graphics format DXF [1] and on RDF data [16].

The DMA component has a client-server architecture (see
Figure 2). A role-based access control and a transaction man-
agement ensure that user access to the archive is isolated;
this applies in particular to updates of metadata that is nor-
mative for the entire archive such as glossaries and structural
metadata.

MonArch DMA servers can be connected over the inter-
net using web services. At the technical level this allows the
submission of distributed queries spanning several archives.
Even external non-MonArch archive servers can be included.
The ”Bildarchiv Foto Marburg” (http://www.fotomarburg.de),
for instance, is currently in the process of being connected
to the MonArch system using the standard museumdat [5].
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DMA Client
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Figure 2: MonArch Network

3 Digital Maps

Among the documents stored in the DMA, the architectural
drawings or maps that are produced with the Mobile Map-
ping System in its archiving edition (MMSarchive) play a spe-
cial role. Workflows based on hand drawn maps have dom-
inated built heritage preservation until recently [14]. Digital
documentation emerged only a decade ago, much later than
in architecture. In part, this technological delay can be ex-
plained by the specific mobility requirements of preserva-
tion science. Architects work from the design towards the
artifact while preservation scientists generally proceed in the
opposite direction. They solve a reverse engineering problem

which consists of trying to understand the design principles
behind an undocumented historical building. Whereas archi-
tects need computational resources in their office, preserva-
tion scientists need them on the scaffold at the construc-
tion site. It was not until inexpensive and ruggedized mobile
hardware appeared on the market that digital documenta-
tion became feasible in built heritage preservation ([10], [4]).

Preservation scientists who document a building have
to address a number of subtasks: modelling the building’s
structure, classifying the damages, planning the preserva-
tion methods, and recording the methods that have been
applied. Each of the subtasks produces a digital map as its
result document. Two important types of maps are:
• Inventory maps that describe the different parts of a build-

ing with their location and dimensions as they are deter-
mined by more or less complex measurement procedures,
e.g. tachymetry, photogrammetry, or laser scan.

• Damage maps that are produced by domain experts who
inspect the damaged parts of the building and analyze the
type, the severity and the causes of the damages.
Digital maps are rather complex digital documents which

associate geometric and thematic data. Note that map detail
varies very much. Some buildings of great historical signifi-
cance have a permanent workforce devoted to preservation
which produces inventory maps representing every ashlar,
that is, every stone that has been worked by a mason. Fig-
ure 3 shows a damage map which has been produced by
the lodge of Passau cathedral. Point, line and polygon fea-
tures are arranged on several layers. The background layer is
formed by a raster image, a historical inventory map. A sec-
ond layer depicts the basic components of the construction,
ashlars and joints. It serves as a vector representation of the
inventory map. The remaining layers are used to represent
different types of damage and constitute the damage map.

Each geometrical object from the inventory or damage
map is associated with thematic data. When a preservation
scientist inspects part of a building, he or she documents the
spatial extent of a damage by drawing with an active pen on
the screen and by entering data associated with the damage
into a form similar to the one shown either by handwriting or
using a screen keyboard. Different data forms are associated
with different types of damages and are generated automati-
cally from the data model. Since no two buildings are exactly
the same and since the preservation methods adopted differ
from case to case, a flexible approach to data modelling that
includes means for specifying the semantics of the thematic
data constitute a central requirement of our user group.

So far, two off-the-shelf technologies have been used
for documentation purposes in built heritage: AEC (architec-
ture, engineering, construction) solutions like AutoCAD and
GIS (geographic information systems) such as ArcView [10].
Both, AEC and GIS technologies, consist of spatial databases
that provide some flexibility of the thematic data models
but do not support the explicit modelling of data semantics.
MMSarchive follows an ontological engineering approach by
modelling the semantics of thematic data in OWL-DL [17].
For the drawing functionality a standard CAD is used which
also acts as a spatial data repository: MMSarchive is imple-
mented as an AutoCAD application.

Ontologies have been studied in connection with cultural
heritage in general. Most efforts went into designing appro-
priate top-level ontologies like the CIDOC conceptual refer-
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Figure 3: Damage map produced with the MMSarchive

ence model that is mainly used by museums [3]. The specific
issues relevant to the built heritage domain, that is, a do-
main ontology grounded in spatial objects, have not been
adressed. A similar type of problem, however, has been stud-
ied in GI science in connection with semantic interoperability
[9].

4 Ontological Reasoning Support

An important functionality of MMSarchive consists in auto-
matically generating the metadata that describes the content
of a digital map. In interacting with the documentation sys-
tem, the user provides valuable semantic information while
producing the map. Through the drawing tool, every geo-
metrical object created is automatically associated with infor-
mation about its categorization, i.e. the class of the domain
ontology it belongs to. In addition, the user specifies prop-
erties and associations for most of the spatial objects using
a domain ontology of his or her choice. The interpretation
of properties and associations with respect to the domain
ontology is transparent for MMSarchive.

In other words, the challenge of metadata generation
consists not so much in extracting the semantics but in
choosing which part of the semantic information should be
described in the metadata. Users almost never need to for-
mulate queries that involve a specific geometric shape. The
shapes of stone damages are highly irregular and they do
not possess any diagnostic value. Thus, it is not surprising
that our test users did not feel the need to query for a crum-
bling with hexagonal shape. We therefore chose to generate
metadata by adapting the approach of thematic projection
described by [13]. It consists (1) in completely abstracting
from all geometrical shape information, and (2) in partly ab-
stracting from information about position. Only qualitative
information about the position is retained by encoding topo-
logical relations that hold between objects of the damage
map and spatial objects that serve as a spatial reference sys-
tem. Typically, the objects of the inventory map are used for
that purpose, in which case the thematic projection of a dig-
ital map describes how the thematic objects of the damage
layer relate to the ashlars of the inventory map. Spatial rela-

tionships are expressed using the RCC-5 system of topolog-
ical relations. It is this information that is used as metadata
and encoded in an ontology (OWL TBox) and a knowledge
base (OWL ABox). The spatial relationships resulting from the
thematic projection are expressed explicitly as relationship
assertions.

Thematic projection only represents a subset of the pos-
sible spatial relationships between objects. Yet, this reduced
set of relationships is sufficient to enable certain consistency
checks at the ontological level as for example has also been
shown by [8].

s1 s2 s3

s4 m1 s5

s6 s7 s8
c1

Figure 4: Example Situation for Spatial Consistency Checking
Ashlars (light grey) and MetalPlatings (medium grey) are

spatial reference objects.

Consider for example the schematic representation of a
mapping in Figure 4. The shaded areas s1 to s8 represent
ashlars, while the dark area m1 in the center is a metal plat-
ing. The overlapping transparent object c1 desribes a crum-
bling damage to the underlying ashlars. We assume that ash-
lars and the metal plating are spatial reference objects.

After thematic projection, two relationship asser-
tions are inserted into our exported knowledge base:
overlaps(c1, m1) and overlaps(c1, s7). If we now interpret
the overlaps-relation for crumblings as a reference to the af-
fected objects, a problem occurs: the map represents a crum-
bling damage on a metal plating. Yet, from domain knowl-
edge it is known that crumbling damages only occur on ash-
lars. The depicted situation is logically inconsistent.

This consistency condition can easily be axiomatized in
description logics. Equations 1 to 4 show the described situ-
ation. A theorem prover is used to detect the inconsistency.

MetalP lating  ¬Ashlar (1)

Crumbling  ∀overlaps.Ashlar (2)

Crumbling(c1), MetalP lating(m1) (3)

overlaps(c1, m0) (4)

The explicit modelling of data semantics also permits to
address another issue: format migration, which is linked to
the problem of long term archiving. There is common agree-
ment that the interpretation barrier [11] forms the most
significant unsolved problem with regard to the long term
preservation of digital documents. The situation is made
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even more severe by the widespread use of proprietary, of-
ten undocumented data formats. The choice of open, docu-
mented data formats for the representation of digital maps
is thus expected to simplify their preservation for the long
term.

Yet, open data formats do not solve all problems of data
preservation. Data formats change over time as the represen-
tation of information is adapted to changing external needs.
This format evolution process makes it necessary to migrate
data from outdated formats. The use of formal ontologies
with their well defined semantics enables us to map the for-
mat migration problem into the domain of schema and on-
tology mapping [6]

5 Spatial Queries and
Multidimensional Querying

During requirements analysis we observed architects, main-
tenance experts and conservation specialists doing their
work and found that they tend to locate documentation in
the same way they read plans or explore “their” monument:
by following its architectural structure. For this reason, some
non-digital archives provide a kind of a spatial index which,
however, may be just as simple as a list of the major parts of
a cathedral. Due to a “structural binding” of archival items it
is easy for the digital archive to support this kind of query,
even in a rather elaborate way if needed. Any item stored in
the archive can be assigned to a structural element, i.e., to a
composite such as a façade segment or to an atomic element
like a single stone. The hierarchical structural decomposition
of the building is represented by the underlying partonomy
(cf. Figure 5). There are additional descriptive categories, i.e.
topics, an item can be related to. As an example, consider
a category describing the kind of damage observed, or an-
other category telling which cultural style a specific item be-
longs to. In general, the descriptive categories are structured
as well. As an example consider a category that captures the
kind of damage possibly found in a particular part of the
building. It is worth mentioning that multiple assignments
are possible, i.e., an archival item can be assigned to more
than one structural element and descriptive category. The
idea of a more sophisticated spatial and descriptive index
was well received by our test users right from the beginning
and proved to be a highly useful functionality as the system
evolved.
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Figure 5: Simplified DMA Data Model

For convenience, the tree-like structural view on the
archive is supplemented by an interactive map showing a
(simplified) map of the entire building or some of its parts
(see Figure 6). The map is tightly attached to and synchro-
nized with the tree-view. This allows to use the map as an
alternative way to specify the structural part of the building
to be inspected just by clicking. Vice versa, the parts of the
building selected via the tree-view are highlighted to give
the user an intuitive orientation.
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Figure 6: Synchronizing Partonomy and Map in DMA
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Figure 7: Multidimensional Querying

From the user’s point of view, the multidimensional repre-
sentation and querying of archival items can be interpreted
as in the example shown in Figure 7. There, the document
with identification number 12345 is a photograph showing
stone 4 of alignment 58 of the façade segment on the east
side of the northern transept, which is part of the transept
wings seen from the exterior of the cathedral St. Stephan. It
is known that this photograph, which has been taken on 23
March 2007, shows deformation or fracture of stone 4. Note
that more than one damage type but only a single structural
element (stone 4) have been attached to the sample docu-
ment. Posing a more general query, we could have asked for
photographs showing some kind of physical disintegration
on the northern transept or one of its subparts. Intuitively,
one would expect document 12345 to be contained in the
corresponding answer set, too.

As the example illustrates, structural queries are not re-
stricted to atomic structural elements. The semantics of a
structural query can therefore be pointwise, i.e., only those
items attached to the specified structure element are re-
trieved, or including subtrees, i.e., the items attached to the
particular element specified or to any of its parts form the
answer set, or including ancestors, i.e., all items are returned
that are attached to the element specified or to any of the
structural elements it is a part of. Analogously, queries along
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the descriptive categories can be pointwise, including the
subtrees, or including the ancestors.

6 Interoperability

One of the big issues in digital preservation of cultural her-
itage is interoperability. Multiple users tend to define their
own metadata vocabulary resulting in incompatible assig-
ments of archival items. Distributed digital archives, though
connected via the internet on a technical level, cannot coop-
erate on a semantical level since their semantical categories
do not coincide. Of course, one can try to solve part of the
problem in a more or less administrative way by applying au-
thority control. The MonArch components incorporate some
standard ontologies such as CIDOC CRM [3] and SWD [12]
that contain standard descriptors arranged in a generaliza-
tion hierarchy.

When considering authority files as defining just the up-
per part of an applicable ontology, individual users or local
archives can define subcategories of descriptive terms rather
freely. Queries can be restricted to the normative descriptors
as defined by the authority file. Provided query answering
is run in subsumption mode, i.e. include subtrees (see Fig-
ure 8, upper part), the result is still compatible with other
archives but includes archival items assigned to the more
fine-grained descriptors. It is well known that this kind of
query is supported by one of the essential inference services
in the field of ontology-based reasoning. As long as every
node of a MonArch network sticks to the normative meta-
data, even queries spanning more than one digital archive
can be accomodated. The answer set is simply computed by
running the same query on every local archive and combin-
ing the partial answers using set union (see Figure 8). Sim-
ilarly, query answers can be restricted to only those docu-
ments having descriptors common to all archives accessed.

Elaborate authority files do not only contain the norma-
tive metadata themselves, but also meta-metadata, i.e., de-
scriptors for metadata. In this case, information about syn-
onyms can be taken into account as a possible next step, i.e.,
the answer set can be extended by following the synonym
relationship. If more information is available, ontology-based
reasoning can go even further by applying similarity metrics
on the set of descriptors for query answering. In this case,
also documents having descriptors “similar” to those used in
the query will be retrieved.

As an essential prerequisite for coupling the two main
components, i.e., the MMSarchive and the Digital Monument
Archive, RDF has been chosen as the exchange format (see
Figure 1). Since the Digital Monument Archive is basically
built on top of a relational database system and all informa-
tion is stored as entries in relations, RDF data is transformed
into relational data query and vice versa at import / export
time. Consequently, ontology-based reasoning either has to
be transformed into relational query answering or has to be
applied in a preprocessing step to provide for the appropri-
ate relational indexing. The DMA supports both approaches.
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Figure 8: Using Authority Files for Semantical Interoperability

7 Summary

Digital archives have been introduced that address two ma-
jor functionalities needed for preserving monumental build-
ings and their valuable documentation: map creation with
semantically guided thematic mapping and document man-
agement supporting spatial access and multidimensional
querying. It has been shown that interesting research ques-
tions arise in the intersection of semantic modeling and in-
telligent retrieval of documents, some of them involving on-
tological reasoning, others addressing support for efficient
retrieval and interoperability.
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