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Abstract. Digital Libraries are continuously evolving platforms aimed
at managing, visualizing, curating and preserving a variety of differ-
ent cultural digital objects, together with their relationships. To build
sustainable Digital Libraries, we chose the open source Digital Asset
Management System DSpace. To support interoperability and to allow
a broad dissemination and re-use of cultural heritage and research re-
sults, we built some add-ons to be released as open source: the IIIF
(International Image Interoperability Framework) Image Viewer, the Au-
dio/Video Streaming Module and the OCR Module. Managing the rela-
tions between digital objects and between them an other entities (such
as persons, events, places, etc.) is a key feature, in order to handle ev-
ery kind of cultural heritage documents. Thus we are also enhancing the
DSpace Data Model in order to provide the description of relationships
within cultural contexts.
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1 Introduction and Background

Since almost two decades Digital Libraries have been one of the most challenging
areas for the development of services and features aimed at managing, visualiz-
ing, curating and preserving digital cultural heritage from archives, libraries and
museums. Digital Libraries have to manage not only texts but a variety of other
objects, like audios, videos, blogs and so on [6], and they are still evolving to
become, hopefully in the near future, one of the components of Virtual Research
Environments (VREs) [6,5,12], integrating the entire extent of an institution’s
scholarship, including articles, theses, dissertations, and journals and also re-
search data. Thus the differences between Digital Libraries and Institutional
Repositories are increasingly reducing.

Our working group has a consolidated experience in the field of digital tech-
nologies applied to cultural heritage, focused also on digital preservation and



(semantic) web based system [1,8,3]. Since 2004 we have been involved in sev-
eral projects, and we have been developing Digital Library Management Systems
such as 4S Digital Library 1 and CodeX[ml] 2 for the management, preservation,
fruition and dissemination of library and archival (meta)data. Today, these sys-
tems are used by many prestigious Italian institutions, which include, among
others, the National Library in Naples, the Ambrosiana Library (Milan), the
Conservatorio ”Giuseppe Verdi” (Milan) and ”La Sapienza” University in Rome.

Moreover, we have been working with DSpace 3 since 2003 and have two mem-
bers in the DSpace Committer Group since 2006, thus gaining a solid expertise
in setting up institutional and disciplinary repositories, research information sys-
tems, and complex IT projects for research governance for institutions such as
the Hong Kong University, the Hong Kong Polytechnic University, the National
Institute of Education in Singapore, the University of Milan, the Fraunhofer
Society. Together with the Hong Kong University, we have also created DSpace-
CRIS 4 , the only free open-source complete solution for the research information
management, in order to manage their research output repository 5 [10,2].

To enhance interoperability between cultural heritage (meta)data and re-
search outputs and data within Digital Library environments, we have planned
to merge our experiences in both fields, extending DSpace features. Our goal is
to have an effective, ”out-of-the-box”, easy to configure and use, ”state-of-art”
Digital Library Management System built on top of the Duraspace community
experiences and expertise.

The paper introduces and explains this project and is organized as follows:
section 2 introduces the general characteristics of DSpace and motivates the
choice of using such system for building our Digital Library services, section
3 describes the requirements of a modern Digital Library Management System
based on the OAIS framework [7], section 4 describes the new modules and
features we are adding to DSpace and DSpace-CRIS, section 5 summarizes the
results obtained so far and outlines possible directions for future work.

2 DSpace

To build a sustainable Digital Library, open source software is preferable. Nor-
mally libraries, especially small and medium size ones, perceive automation as
a financial burden. Development of open source software gives effective way to
create Digital Library Management Systems with a small financial investment.
Looking exactly at sustainability, among the most used open source Digital Li-
brary Management Systems, we chose DSpace.

DSpace is an open-source, out-of-the-box Digital Asset Management System
that allows to capture, store, index, preserve and distribute many kinds of digital

1 see, for instance, http://dl.bnnonline.it
2 see, for instance, http://search.bibliotecadigitale.consmilano.it/
3 http://www.dspace.org
4 https://wiki.duraspace.org/display/DSPACECRIS/DSpace-CRIS+Home
5 http://hub.hku.hk/
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objects, including texts, images videos, audios and data. DSpace provides a way
to manage materials and publications in a professionally maintained repository
to give them greater visibility and accessibility over time. DSpace is specifically
appreciated for its effectivenness and for the simplicity of its installation and
management procedures.

There are over 2000 digital repositories and libraries worldwide using the
DSpace application for a variety of digital archiving needs. DSpace is often used
as an institutional repository to provide access to research outputs, scholarly
publications, library collections, and more. It is also used as a digital library
to store, preserve and disseminate digital cultural heritage. It fulfils four main
tasks:

1. ingest of digital objects together with their metadata;

2. management and curation of digital objects;

3. easy access to the digital objects, both by listing and searching;

4. long-term preservation of the digital objects.

DSpace has many customizable features and tools for managing digital content,
enabling digital preservation and providing accessibility to digital materials. As
an open source application, there is a very active community of developers,
researchers and users worldwide that contribute with their expertise to enhance
the application.

The system’s information model is built around the idea of organizational
”Communities” (natural sub-units of an institution) that may have distinctive
information management needs. Each Community can adapt the system to meet
its particular needs and manage the submission process itself.

In DSpace every item consists of descriptive metadata and related files (bit-
streams). Each item receives a persistent identifier guaranteed by the Handle
System. Metadata and full-text files are indexed for faceted browsing and search-
ing over the web. Each bitstream is associated with a bitstream format and a
deposit and distribution license, allowing access control. Items are organized
into collections, that is groupings of related contents, defined by a specific set of
metadata.

DSpace manages different metadata categories related to its digital contents.

1. Descriptive Metadata: DSpace can support multiple flat metadata schemas
for describing an item. The DCMI (Dublin Core Metadata Initiative) Meta-
data Terms are provided by default. However, you can configure multiple
schemas or select metadata fields from a mix of configured schemas to de-
scribe your items.

2. Administrative Metadata: these include technical metadata, preservation
metadata, provenance and authorization policy metadata. Most of these are
held within DSpace relational DBMS schema. Additionally, some technical
metadata (for example, bitstream byte sizes and MIME types) are repli-
cated in the Dublin Core metadata records to be easily accessible outside of
DSpace.



Fig. 1. The DSpace workflow.

3. Structural Metadata: these include information about the relationships be-
tween constituent parts of the item. Structural metadata management in
DSpace is currently fairly basic and allows to create simple sequences of
bitstreams.

The ingest process can be manual or batch. The batch item importer is
an application, which turns an external Submission Information Package -SIP-
(usually consisting in metadata structered according to standards accepted by
the designated community, together with some content files) into an ”in progress
submission” object. The Web submission UI is similarly used by an end-user to
assemble an ”in progress submission” object. DSpace includes various package
importer tools, which support many common content packaging formats, like
METS, and crosswalk tools.

DSpace also provides batch tools to export items and supports interoper-
ability protocols such as the OAI-PMH (Open Access Initiative Protocol for
Metadata Harvesting, 6), SWORD (Simple Web-service Offering Repository De-
posit, 7), and OpenURL 8. It also allows to publish stored contents in form of
Linked Open Data, by converting metadata into RDF, immediately after the
content is created or updated. Data are stored in a Triple Store that provides

6 https://www.openarchives.org/pmh/
7 http://swordapp.org/
8 http://alcme.oclc.org/openurl/docs/pdf/openurl-01.pdf
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also a SPARQL end-point to make the converted data accessible using SPARQL
(Semantic Protocol And RDF Query Language, 9), the W3C standard for re-
trieving and manipulating data stored in RDF. Thus data will be published on
the web, together with information about its semantics. Any triple store that
supports SPARQL 1.1 Query Language and SPARQL 1.1 Graph Store HTTP
Protocol can be used.

For digital preservation purposes, the system produces AIPs (Archival Infor-
mation Packages) with preservation description information. It assigns persistent
identifiers to the items and includes a history system that captures a time-based
record of significant changes, in a manner suitable for later reproposing, for ex-
ample to create audit trails and track where some change to information in the
archive might have been performed. It also has a checksum checker routine to
control the integrity of stored files.

3 Digital Libraries Main Features

As we have seen in the previous section, DSpace, just out-of-the-box, provides
many of the features of Digital Library Management Systems, thus it is already
used as such within many projects around the world. However, in our experience,
this is not enough. There are some contexts in which other features have to be
added and granularity must be enhanced.

3.1 Metadata management

Metadata management is one of the most important topics for a Digital Library
Management System, especially if the system is conceived as oriented to Digital
Preservation. In fact we have to be sure to ingest only complete and trustworthy
SIPs, including metadata related to many different standards, and not only flat,
but also hierarchical ones, such as EAD (Encoded Archival Description), used
especially in the archives world. So, especially during batch processes, meta-
data must be validated. Moreover, to facilitate the agencies who cannot provide
standard metadata, the platform must be able to automatically extract admin-
istrative and technical metadata. All these tasks are part of what, in the recent
panel on OAIS revision planned for 2017, held in Bern at the ”iPres 2016 Con-
ference”, has been defined ”Pre-ingest stage/function” (aimed at creating valid
SIPs), which has to be included in the new version of the standard10. In our ex-
perience, the creation of manageable SIPs is the most demanding issue, at least
in Italy, when starting a new Digital Library project in the Cultural Heritage
area.

Also for the creation of the DIP (Dissemination Information Package), the
most important metadata schemas for each domain (such as MODS, EAD,

9 https://www.w3.org/TR/sparql11-query/
10 To see and contribute to this discussion you can look at http://wiki.dpconline.

org/
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METS and PREMIS) must be supported in order to guarantee interoperabil-
ity.

As it concerns structural metadata, the system must be able to describe the
most complex document structures with many levels and sublevels, such as those
of ancient manuscripts or musical documents, relating different digital objects
and parts of them to each other and reproducing exactly the table of contents
of the original source.

3.2 Context Management

Managing the relationships between digital objects and between them and other
entities (such as persons, events, places, etc.) is a key feature, in order to manage
cultural heritage documents/monuments [9] (especially, but not exclusively, the
historical or archaeological ones) within its context. In the Humanities domain,
indeed, putting in context the documents, the books, the paintings or the archae-
ological remains, stands as probably the most important way to build knowledge
and get new insights upon those objects. In this vision, context is not only the
physical environment (the archive, the excavation, etc.) but also the historical,
the geographic, the cultural setting or every other criterion relevant to answer
research questions. Historical data are often fragmentary, partial and biased, so
frequently we can understand a content only in a contextual framework, an-
alyzing its relationships within a global and multidimensional approach. So a
Digital Library Management System must provide this framework, in order to
fully describe cultural contexts.

3.3 Bitstreams Management

Accessing high quality images, audios and videos is fundamental for the study
and the dissemination of cultural heritage. Images, journals, books, newspapers,
manuscripts, maps, archival materials and many other types of content are con-
stantly stored, but most of them cannot be accessed or re-used due to lack of
interoperability or Internet bandwidth limitation.

We need, instead, to fastly visualize images, getting a resized image adapted
to the screen size and the current zoom level, without the need of downloading
either the full resolution images when previewing the content, or unnecessary
image regions at high zoom level. This important feature makes it possible to
work on the image without waiting for the time needed to fully download it,
which might be very time consuming for large files. In addition, this opens to
the possibility to provide selected users access to different resolutions, allowing
protection of raw images and the exploration of economic opportunities that
could compensate the digitization costs sustained by the institution and provide
financial resources for further work.

As it concerns audio/video management, adaptive streaming is required, in
order to allow the maximum reduction in the use of bandwidth, always providing
each user the best possible resolution of the audio / video stream based on the
device in use (supported resolution) and on the available connection speed. By



varying the connection speed during the playback of the stream, the system has
to be able to consequently alter the stream so as to improve the quality of vision
or the playback fluidity in the case of connection quality decrease.

3.4 OCR support

OCR (Optical Character Recognition) support is an essential feature, in order to
convert the page images into computer-recognizable text to electronically edit,
search, display on-line, and use it and also as a first step for Data Science ac-
tivities, such as text enriching and then text analysis and mining. So a Digital
Library Management System needs to be integrated with external Optical Char-
acter Recognition software packages. It should be emphasized, however, that the
most recent studies point out the difficulty of reading, through these applications,
characters from ancient texts, both printed and manuscripts, limiting errors. In
particular, experiments carried out by the Qatar Computing Research Group
[11] show that several of the most used software packages have many difficulties
in interpreting ancient texts, in their case Arabic texts. So the system has to be
able to integrate different OCR softwares, in order to fulfil the needs of every
particular class of documents, characters and print technology. Moreover, spe-
cific support for the hOCR format (the open standard for representing document
layout analysis and OCR results as a subset of HTML) has to be included to
make it easier to store, share, process and display OCR results.

4 DSpace Enhancements and New Modules

To fulfil the needs outlined in the previous section, we are improving the DSpace
ingest process in order to validate and manage different metadata standards, and
we are enhancing its Data Model not only to manage structural metadata but
also to describe digital objects with their contextual relationships. Moreover, we
have built some DSpace add-ons: the IIIF (International Image Interoperability
Framework) Image Viewer, the Audio/Video Streaming Module and the OCR
Module.

4.1 Metadata management improvements

We are going to refine the DSpace batch ingest processes to make the system val-
idate the submitted metadata (in .csv format) against the related standards and
automatically extract administrative and technical metadata from bitstreams, if
needed. Moreover, it will be possibile to use XML files, set according to Dublin
Core, MAG, METS, MODS, EAD and other widely used standards for bulk edit-
ing and filling different types of metadata (descriptive, administrative, technical
and structural), including custom defined ones. In order to ensure interoper-
ability by means of the OAI-PMH protocol, METS, MODS, EAD and Dublin
Core will be the provided formats. PREMIS 11, the international standard for

11 http://www.loc.gov/standards/premis/
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metadata to be used within Digital Preservation activities, will be used also as
export format for information on digital objects history (item versioning, audit
operations, etc.).

4.2 Data model enhancement

Our open extension of DSpace, the above said DSpace-CRIS, allows to extend
the existing data model, defining new entities (e.g. Persons, Places, Events, Con-
cepts etc.) and customizing the existing ones, creating new attributes and new
relationships. Thus the Digital Library Management System allows the imple-
mentation of every conceptual model (e.g. FRBR 12, CIDOC-CRM 13, etc.) for
describing the context of the cultural objects, according to different granularity
levels.

We are exploiting this flexibility in order to manage the complex and multi-
dimensional metadata structure required by Digital Libraries [4].

First of all, we have enhanced the model for a more refined support for
structural metadata. Thus, during the submission process, the application level
will automatically derive and save a default Table of Contents (TOC) when
multiple scanned images are provided, using the filename and folder structure as
reference. After the ingestion, the operator will be able to change the proposed
TOC, introducing nested levels and / or reordering the pages as appropriate. A
more granular TOC will be created, during the upload process, if the structMap
section of a METS XML file or the stru section of a MAG one is provided.

Moreover, as we already said, we are working to support hierarchical de-
scription of archival finding aids, according to the Encoded Archival Description
(EAD) standard, within DSpace, and to manage them within their context, ac-
cording to the elements defined within the EAC-CPF (Encoded Archival Context
Corporate Bodies, Persons and Families) standard 14. Implementing such stan-
dards, DSpace will be able to expose, list and describe specific archival finding
aids and then provide the related digital resources thanks to the Image Viewer
(see next section, 4.3).

4.3 Image Viewer

To ensure an effective navigation of high resolution images, a community of
experts from libraries, museums and other institutions decided to build the In-
ternational Image Interoperability Framework (IIIF), to collaboratively define
standards in this field and we developed a new add-on for DSpace based on it.

12 http://www.ifla.org/publications/functional-requirements-for-bibliographic-records
13 http://www.cidoc-crm.org/
14 http://eac.staatsbibliothek-berlin.de/
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The module allows the integration of DSpace with any IIIF Image API 15

compliant server, such as Digilib 16, IIPImage 17 and others 18. Out-of-box the
module includes a curation task to make image files deposited in DSpace available
to Digilib. In order to make item metadata and content structure (bitstreams
metadata and relations) available, the Module uses the IIIF Presentation API
19. Our default implementation is based on Digilib, that allows the IIIF Image
Viewer Module to support a wide range of image formats, such as TIFF, JPG,
JPG2000, PNG, BMP, RAW and more. On the client side, we use the Universal
Viewer 20, an open-source IIIF-compliant viewer. It offers incredibly high-quality
navigation of items with multiple images/bitstreams, making single-page, two-
page (booklet) and thumbnail view mode available. The current view, page, zoom
level and rotation can be shared as URLs to easily discuss online or precisely
link in papers. It is also possible to copy and paste code to embed the viewer
into external websites (e.g.: blogs and institutional websites) without waiving
proper attribution: this is done via a simple html + javascript code. The viewer
also has a side panel that shows the item metadata.

The IIIF Image Viewer Module is a stand-alone add-on, but it can also work
together with other modules to provide additional functionalities. As an example,
it can be combined with the Document Viewer module to automatically convert
PDFs, EPUBs and other e-book formats into a sequence of images that can
be visualized within the browser, using only standard web features, without the
need for any external plugins, such as Flash Player, and with minimal bandwidth
use.

Together with the OCR Module (see section 4.5), the Image Viewer can also
provide the possibility to search text inside any kind of document and match
the OCR text with the image side by side on the screen.

4.4 Audio/Video Streaming Module

The audio and video streaming module allows to transcode the most popular
audio / video formats into a format (FLV, MP4) and encoding appropriate to the
adopted media server. The module takes care of the registration of the transcoded
file on the media server, local or remote, if necessary by creating different streams
at increasing bitrates, segmenting and diversifying the channels (audio, video,
subtitles) to enable adaptive streaming. The player included with the module,
based on VideoJS, allows integration with the Media Server via the standard
protocols RTMP, HLS and DASH. In particular, the open-source media server
proposed out-of-box with the module, uses the HTML5-W3C standard DASH
protocol.

15 http://iiif.io/api/image/2.1/
16 digilib.sourceforge.net
17 iipimage.sourceforge.net
18 http://iiif.io/apps-demos/
19 http://iiif.io/api/presentation/2.1
20 https://github.com/UniversalViewer/universalviewer
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Fig. 2. The Image Viewer integrated with the OCR module.

4.5 OCR Module

In order to provide the basis for text analysis, we integrated DSpace with an
external OCR software. Out-of-box, the module supports the open-source Tesser-
act OCR engine 21 which seems to have the best performances, for example, for
Arabic modern print texts [11], but we can integrate also other popular OCR
engines, such as OCRopus or Abby Fine Reader. The image curation task al-
lows to extract text representation in hOCR format for full-text indexing in Solr,
the search platform on which DSpace bases its information retrieval features 22.
Tesseract supports a very large set of languages, including: Latin alphabets (Ital-
ian, French, Spanish, German), right-to-left (Arabic), ideographic (Chinese), and
many others. The OCR engine can also be instructed with personalized train-
ing files to recognize specific fonts and languages. Together with the IIIF Image
Viewer module, the OCR module also provides support for IIIF Search API
through a server component, subject to the same terms of the module license.

21 https://github.com/tesseract-ocr
22 http://lucene.apache.org/solr/
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The IIIF Search API enables the activation of the search functionality inside
the IIIF viewer, providing search within images, navigation through the results
and the highlighting on the image of the OCR text corresponding to the search
terms entered. Solr also provides the suggestion of search terms during typing.

5 Conclusions

Extending DSpace with specific modules for Digital Libraries represents an im-
portant opportunity for the creation of a new generation of out-of-the box Digital
Library Management Systems with advanced data and metadata management
capabilities. The integration of DSpace with image viewers and media servers,
the compliancy with interoperability standards and the enhancement of the data
model could move the role of the system to the next level. It will be no longer just
an application for storing and preserving files, but a working tool for accessing,
sharing and re-using information in general. The availability and quality of data
and metadata on the Internet is constantly increasing and tools are needed that
are abre to face this challenge and to allow users to make the best out of it. A Dig-
ital Library Management System such as the one we presented can provide the
right starting point. However, there are plenty of ideas for future enhancements
of the capabilities of DSpace: we plan to add web annotation functionalities
to the module, to support online collaborative transcription, OCR review, and
many other use cases to meet the requirements of the Cultural Heritage domain.

For the near future, to better identify the priorities in developing new features
and functionalities, we need the help of the Digital Library and of the DSpace
Communities, with their varied ideas, visions and needs. As everything we do at
4Science, the ultimate goal we have for all of our modules is to release them in
open source as soon as possible 23. And the modules we have described so far
are not an exception.
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