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Abstract. The aim of this paper is to report the results of an ongoing
project that deals with the exploitation of a digital archive of drawings
and illustrations of historic documents for research and educational pur-
poses. A prototype system, called IPSA (Imaginum Patavinae Scientiae
Archivum), has been developed and is currently used as a case study to
provide innovative tools for researchers and scholars active in the preser-
vation and dissemination of cultural heritage. After describing the initial
user requirements that motivated the development of IPSA, we focus
on the research questions that can be addressed by new system func-
tions and on its extension to additional user groups, including students,
experts in other domains, and the general public.

1 Introduction

The ideas and concepts reported in this paper build upon our experience on
the analysis of the user requirements, the design of a methodology, the devel-
opment of a prototype system, and the analysis of the feedback from real users
of a digital archive of historical material. The archive aims at the study and re-
search on illuminated manuscripts, i.e. usually handwritten books which include
illustrations and which in past centuries were manually and artistically deco-
rated. Illuminated manuscripts are the subject of scientific research in different
areas, namely the history of art and the history of science, and all disciplines
related to the subject of the book – e.g. botany, astronomy, medicine [1]. Before
the invention of photography, illuminated manuscripts played a central role in
the dissemination of scientific culture, and to this end they bear witness to the
heritage of different cultures, in Europe, Asia, and in the countries under the
influence of Arab culture.

The digital archive of illuminated manuscripts that has been developed within
our research activities is called IPSA, which stands for Imaginum Patavinae Sci-
entiae Archivum (archive of images of the Paduan science) [2,3]. This is because
the main focus of our initial project was to provide a tool for the analysis of the
role played by the Paduan school during the Middle Ages and the Renaissance
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in the spread of the new scientific method in difference sciences, from medicine
to astronomy to botany.

IPSA can also be considered as a case study for our research on methodologies
and tools for researchers and scholars working on the analysis, preservation and
dissemination of cultural heritage. After a number of years of usage by scholars
and students, we started a new phase of recollection of user requirements, with a
focus on the research questions that can be addressed by an improved systems.
To this end, our aim is to provide innovative services to improve user engagement
with digital cultural heritage collections.

The final goal of this new phase of our work is to exploit the experience gained
over the years both in the design and development of systems that manage
digital cultural heritage metadata [4,5] and collections [6,7], and in the usage of
multimedia digital archives in order to address new requirements that become
evident only after the system has been extensively used as a research tool.

The paper is divided in two parts. The first part describes the initial require-
ments and development of the actual working system that meets them. The
second part introduces our ongoing research on additional user requirements, in
the form of research questions related to the disciplines involved in the study of
illuminated manuscripts.

2 IPSA Motivations and Objectives

The development of models and tools for researchers and scholars in the area
of illuminated manuscripts requires a careful analysis of user requirements [8].
As it turned out from the analyses, the requirements for carrying out scientific
research will be more complex and articulated than requirements for final users.
Final users access an image digital archive to acquire information in a given field,
researchers access the archive to disclose knowledge and discover new relation-
ships between digital objects.

Instead of limiting the analysis to a number of interviews, our approach was to
create a research team, where computer scientists and scholars in history of art
collaborate. Additional contributions from scholars in related disciplines, such
as history of science, botany, astronomy, have been integrated as well and for-
malized in a draft proposal that has been presented and discussed with research
users. A similar approach has been maintained during the development of the
prototype system, because all the novel functionalities have been directly tested
by members of the research team.

Main results of this initial study are summarized in the following sections. The
interested reader can gain further and general information by accessing the Web
site that has been developed to document both the projects which have made
possible the design and development of IPSA and the managed digital cultural
heritage collection1.

1 URL: http://www.ipsa-project.org/

http://www.ipsa-project.org/
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2.1 Disclosure of Relations between Images and Manuscripts

Scholars in history of miniature are mostly interested in analyzing images, their
style, their elements and possible relations with other images belonging to differ-
ent manuscripts. In particular, it is of primary importance for researchers to dis-
cover whether illustrations have been copied from images of other manuscripts,
merely inspired by previous works, or directly inspired by nature. A major re-
quirement thus regards the possibility of enriching the digital archive by high-
lighting explicit relations that have been discovered by a researcher. The analysis
of user requirements highlighted a number of issues that are of particular rele-
vance.

– Authorship: The definition of a relation between two or more images depends
on the scientific results of a researcher, who owns the intellectual rights of
this additional knowledge.

– Typology: Since two images or two manuscripts can be related for a number
of different reasons, the kind of relations should be explicitly expressed.

– Paths : Relations may form historical paths among images, because images in
a manuscript can be copies of another one which in turn are copies themselves
of previous illustrations.

These requirements suggested the use of annotations that allow the scholars to
connect two manuscripts or two images. These annotations, which have been
called linking annotations, have a type which describes the kind of relations
between the two objects and provides a semantic to the link. We proposed a
taxonomy for linking annotations [2] which is divided in two classes, including
annotations that express either hierarchical or relatedness links. Annotations
have been developed and integrated within the digital archive according to the
formal model described in [9].

2.2 Personalization and Collaboration

Almost every digital archive dynamically changes over the years, because of new
acquisitions that increase the number of documents and because of changes or
redefinition of the descriptive records. In particular, the study of the digital
archive content produces new knowledge that, apart from being disseminated
through scientific publications, can be represented within the archive itself.

This novel information, which is due to original results, should be stored in
the digital archive at a different level than the information based on a general
consensus. To this end, both classical textual annotations and the proposed
linking annotations can be a viable tool providing that a user is able to state
which annotations can be shared with the community or his research group, and
which ones have to remain private. Such a mechanism allows scholars to use the
digital archive as an advanced research tool, which reflects their personal view
of the collection of manuscripts, as well as protect their intellectual rights.
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Scholars’ annotations on the archive, besides being a means of personaliza-
tion, can be exploited to foster collaboration. It has to be noted that illuminated
manuscripts are of interest to both the historian of art and the historian of sci-
ence, but at the same time, a herbal is of interest to the botanist because they
represent plants and their possible variations through the centuries, a codex is
useful for researchers on the evolution of civil and criminal laws, an astrologi-
cal book may give insights to researchers in medicine on the way stars where
perceived to influence the health of people and to astronomers on how constel-
lations where seen and represented. Hence, the scientific research on illuminated
manuscripts involves a number of persons with different expertise, which should
be able to cooperate in order to share their different knowledge and background.

A digital archive of illuminated manuscripts has to provide a collaborative
environment, such as in [10], where researchers should be able to interact and
give different contributions to the definitions and redefinitions of objects in the
manuscript. For this reason, different levels of users of the archive need to be
considered. Apart from the administrators, the group of research users should
be able to modify the records of the underlying database when new features of
the stored objects are discovered.

3 Development of IPSA

A prototype implementing the proposed methodology has been developed. The
close collaboration within a single team of researchers and scholars of all the
disciplines involved allowed us to create a closed loop for evaluation, testing
and refinement of the different functionalities. Once the underlying database
structure had been designed and developed, the organization of the user inter-
face and the development of the novel functionalities highlighted by the user
requirements were done incrementally, with scholars in history of art starting to
populate the archive and studying the collection of images during the refinement
of the software tools.

Figure 1 shows the search page of the IPSA prototype, which is text-based
using available metadata, because content-based search was not part of the user
requirements. This means that metadata, especially in the form of annotations,
should provide information about the visual similarity of the images as well,
which – according to the interviewed scholars – can be stated only by an expert.

Figure 2 shows the selection of an image from the results. As usual, informa-
tion and metadata about the image are reported. Moreover, the image can be
explored and navigated. Only a small part of the complete image can be visual-
ized at high resolution, and this is done through a proprietary Java application.
Finally, the user is also presented with the annotations of the link the retrieved
image to other images.

The prototype of IPSA has been used as a research tool by scholars in the
history of art in our team. An effort of dissemination has been made to present
it to other researchers in Italy and Europe, through a number workshops and
presentations in the research area of illuminated manuscripts.
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Fig. 1. Search functionalities in IPSA

4 Improving User Engagement

Building from the experience in using the actual version of the prototype, the
next step in our ongoing project was to study how to extend its functions to
develop it as an education and dissemination tool. At the same time, we wanted
to elaborate on actual functionalities to address a number of research questions,
which can be addressed by automatic tasks to help scholars to discover new
knowledge. In this study process, IPSA can be considered as a sort of case study
to be used to learn new ways of using and extracting information of interest
from new categories of users. A further step will be to generalize the findings of
this case study to similar digital cultural heritage collections and applications.

5 Research Questions

Using IPSA as a new starting point to develop tools for researchers in illuminated
manuscripts, we begun a new analysis of requirement on the research questions
that should be addressed by a digital archive. The analysis has been carried out
on a focused group of scholars and professional users, including professors in the
history of illumination, in the history of medieval art, and experts in digitized
manuscripts.

The initial results of this ongoing study highlighted some priorities. The re-
search questions described in Section 5.1 confirm the results of our initial analy-
sis of requirements, introducing additional concepts to refine the existing tools.
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Fig. 2. User interface of IPSA for the analysis of images

The research questions that are described in the subsequent sections are novel,
and we believe that the possibility of using IPSA as a research prototype helped
the user group to highlight them more clearly.

5.1 Relations between Images

The user group underlined that images are the main subject of scientific research
on illuminated manuscripts. Text surrounding the image is important as well, as
described in Section 5.3, yet it has to be noted that in many cases the author of
a manuscript copied the text of pre-existing manuscripts, while the illustrator
added original drawings. These drawings can be copied, with some modifications,
from previous images, or just be inspired by them.

Thus an image, besides being relevant because of its intrinsic artistic value,
becomes of particular interest because of its relations with other images. The
first research question regards the possibility of following the development of
illustrations of a specific text, that is to track the evolution of iconography of
the subjects described in a text, stating where changes have been applied by
illustrators and which were their references while drawing images for a text.

At the same time, it is of interest the study on the representation of a specific
subject, leading to a second research question that regards the possibility of fol-
lowing the evolution of the images describing a specific subject. Also in this case,
it is important to state which were the references for illustrators and whether
they copied or be inspired by previous drawings, which may be surrounded by
different text.
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The actual version of IPSA already supports an annotation mechanism that
partially addresses these questions. In particular, linking annotations can be
used to represent relations between images, while their type describes the kind
of relations. Yet, a third research question regards the possibility of expressing
in detail the research results that motivate a relation. This additional require-
ment regards the possibility of including textual annotations that describe the
considerations for expressing a relation between images.

It is interesting to note that, although most of the research is carried out
by analyzing images, also in this case the user requirements did not highlight
the need of tools for the automatic computation of visual similarity. It has to
be noted that scholars normally have a complete knowledge of the domain they
are studying, and they are not used to count on automatic tools to discover
relations between images. It is likely that non expert users could take advantage
from automatic tools, although the extension to other user categories will be
part of future work and it is not covered by this contribution.

5.2 Exploitation of External Resources

A second group of research questions regarded the relations between the con-
tent of the archive and external collections. Illustrators could be inspired by
manuscripts that are part of other collections but also by other art forms of the
same historical period. For example, a drawing can be derived from a painting,
a fresco or from illuminated manuscripts with a different subject (for instance
religious manuscripts are not included in the collection managed by IPSA). It
is important to note that, in a period where traveling was difficult, illuminated
manuscripts gave an important contribution to the spread visual representation
styles across Europe and the Mediterranean area.

The main research question related to this point can be expressed in two
main forms, regarding either the possibility of finding relations with other digital
archives or the possibility of querying the archive using external information.
From the analysis of requirements it seems that automatic tools that mine the
content of online collections can be a valuable tool for researchers. In particular,
scholars find particularly useful the automatic mining of metadata, including
authorship, subject, iconography, and geographical area of production. At the
same time, the scientific research on illuminated manuscripts can take advan-
tage for any kind of documentation that can be related to the content of the
manuscripts. The possibility of having this information available when studying
an image is considered of great importance.

5.3 Relevance of Textual Information

As mentioned above, scholars in the history of miniature are mainly interested
in images. For this reason, the user requirements for the development of the
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actual version of IPSA did not highlight the need of including the text of the
manuscripts in the archive. In many cases, the text was directly copied with only
few variations mainly due to errors made by the copyist. The analysis of text is
of interest for philologists, which were not included in the focused group.

Yet new requirements highlight the importance of the text surrounding the
images, especially in relationship with the possibility of using external infor-
mation to query the archive, as described in Section 5.2. In this case, the main
research question regards the possibility of segmenting the text of the manuscript
and linking segments to images. Information retrieval techniques can be applied
to a focused crawling of external resources, integrating the results obtained with
metadata. Textual information is considered by scholar a more important evi-
dence of the relations between images than the ones obtained by visual features
that can be extracted automatically from images.

The inclusion of textual information poses challenging problems, because text
is hand written (and thus very difficult to parse automatically) and usually in
Latin. Automatic translations, to English and other languages, should be used
to find similar content outside the collection. Moreover, language processing
techniques should be tailored to the particular application domain, where terms
are not normalized and the writing style is not comparable to the one of modern
languages.

5.4 Graphical Representation

A final set of research questions regards the visual organization of the archive
content and of the results of a search. Scholars need to compare different images,
that have to be presented on the screen at the same time, with high resolution
and the possibility of zooming on details. The kind of relations between images
have to be represented as well, with simple visual cues that represent it. At
the same time, the presence of relations induce a hypertextual structure to the
collection of images, which should be represented effectively. An example of the
possible relations of a given image is depicted in Figure 3.

The research questions on the graphical representation regard both the pos-
sibility of expressing graphically the kind of relation between two images and the
possibility of changing the focus of the representation, highlighting the image of
interest inside the graphical representation. A number of possible representations
has been designed and are currently taken into account by scholars. The hier-
archical relations between images is of paramount importance for the scholars,
who are interested in the spread of a given iconography across the century and
are used to represent it with a stemma codicum (a tree-like representation of the
hierarchical relations). To this end, an additional research question regards the
possibility of automatically building a stemma codicum for each image, from an
archetype to the image under analysis.
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Fig. 3. Example of a personalized view on some linked images of the same subject,
belonging to two different iconographies
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