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Manuscripts in the Digital Age

Lorenza Talarico*

Abstract: This article explores the use of Linked Open Data (LOD) and International Image 
Interoperability Framework (IIIF) standard to link images and text, thus making one of the 
Library’s fundamental manuscripts, De educandis ingeniis by Cardinal Federico Borromeo, 
accessible in an enhanced digital format. The project entailed the digitization of the manu-
script, automatic transcription via Handwritten Text Recognition (HTR) using Transkribus 
and semantic encoding in Text Encoding Initiative (TEI) XML and Analyzed Layout and 
Text Object (ALTO) formats. A prototype developed on the Simple Annotation Server (SAS) 
integrates annotations, enabling an interactive engagement with the manuscript. The research 
outlines a replicable workflow aimed at enhancing accessibility, interoperability, usability and 
digital preservation. By addressing the lack of unified methodologies in the field, this work 
contributes to the broader discourse on digital philology and the sustainable integration of 
cultural heritage into the Semantic Web.

Keywords: Transkribus, HTR, Linked Open Data, IIIF, Digital library.

1.  Introduction

In today’s landscape, the integration of digital technologies into historical 
libraries is proving to be not just inevitable but essential, transforming these 
institutions from static knowledge repositories into dynamic instruments of 
cultural dissemination (Cusimano 2015). This integration is now demand-
ed by both contemporary trends and the evolving needs of library users and 
scholars. The shift of digital libraries towards a more multimedia-oriented di-
mension is an incontrovertible reality. Since the early initiatives in the 1990s, 
there has been a continuous expansion in the range of materials incorporat-
ed into digital collections. This trend substantiates early theorists’ predictions 
about digital convergence, demonstrating that these forecasts were accurate 
projections validated over time, not mere speculative exercises (Hanneken 
2023). This change has been notably supported by advancements in techno-
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logical standards such as Linked Open Data (LOD) and the International Im-
age Interoperability Framework (IIIF). These technologies have facilitated the 
creation of interoperable digital editions, making them accessible to scholars 
and researchers worldwide. Among the few institutions in Italy that have dis-
tinguished themselves in this process is the Veneranda Biblioteca Ambrosiana 
in Milan. As the first in the country to adopt the IIIF standard, the Ambrosi-
ana, utilizing the image viewer Mirador and the image server Cantaloupe, has 
focused on preserving and promoting an invaluable collection of manuscripts 
and ancient works through its Digital Library, launched in 2019. Specifical-
ly, it aims to enhance the primary funds, namely Inferior, Superior, S.P. and 
Trotti, through digitization and open online access. This initiative ensures the 
preservation of these original manuscripts while concurrently promoting their 
use for study and research. Indeed, over the coming years, previously digitized 
manuscripts using various technical methods will gradually become available 
in digital format. At the same time, high-resolution digital copies of additional 
manuscripts, particularly those not accessible due to their storage conditions, 
are being produced.

Hence, this case study explores the application of LOD and IIIF standard 
to link images and text, making one of the Library’s manuscripts, De educandis 
ingeniis by Federico Borromeo, accessible in a newly enhanced digital format. 
This brief treatise written in the seventeenth century reflects the founder’s 
dedication to promoting culture and knowledge for the common good and 
represents an adequate starting point for testing the integration of digital im-
ages with textual transcriptions.

This study involves cutting-edge technology that is still evolving, but the 
hope is to provide the community and the library with a prototypical model 
workflow and data structuring system that may be replicated for other man-
uscripts, according to the principle of extensibility. This research topic aligns 
with the observations Federico Borromeo articulated in the tenth chapter, On 
the lack of wealth, of De educandis ingeniis:

Ma dall’altra parte i miei piccoli doni potrebbono parer alquanto più grandi se 
venissero paragonati non con le scienze, che sono tanto meritevoli, ed eziandio 
con coloro che gli ricevono, ma coi presenti tempi. I quali potranno almeno 
in ciò essermi favorevoli, perché sì come molto stimar si dee nelle sterilità 
e nelle grandi arsure dei campi qualunque, benché piccolo, sostentamento e 
refrigerio, così in questo nostro secolo parmi di vedere che con gl’effetti e con 
le opere, e non con le sole parole e proferte, pochissimi siano stati coloro che 
sodisfatto abbiano alla fame e alla sete dei meschini letterati (Borromeo 2008, 
143-144).

These words succinctly capture the reasons behind Borromeo’s desire to 
write this brief treatise and highlight the patronage aspect of his work, posi-
tioning him as a “cultural organizer”. His ambition was to «make Milan into a 
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second Rome» and he always rejected mediocrity, striving for excellence. Thus, 
with De educandis ingeniis, he outlined a cultural model for scholars: what the 
cardinal managed to accomplish in Milan over the course of a couple of de-
cades has often been described with superlative adjectives, almost miraculous. 
The astonishment stemmed, and still does, from the resolution with which 
the project was implemented and the significant shift observed in the social 
and cultural fabric of early 17th-century Milan, which was a context that, de-
spite recent and important historiographical revisions, can still be described as 
stagnant. Many centuries later, researchers in the fields of Digital Humanities 
and Linked Open Data have been trying to «far gran cose negli studi», namely 
to achieve great things in academic pursuits, much like Borromeo’s primary 
ambition but, despite inevitable developments and flourishing activities, there 
remains a significant lack of homogeneity in the currently available Digital 
Scholarly Editions (DSEs) (Monella and Rosselli Del Turco 2020).

Hence, this project’s approach, structured into three phases, aims to im-
prove searchability, facilitate academic utility and establish a replicable work-
flow for other manuscripts. In essence, it seeks to answer a central research 
question: can modern technologies bridge the gap between ancient manu-
scripts and contemporary digital tools to enhance usability and preservation? 
The initial phase of the research contextualized the project by addressing the 
theoretical foundations of LOD and the Semantic Web. The second phase 
focused on technical implementation, encompassing the use of Transkribus 
to develop a Handwritten Text Recognition (HTR) model, the employment 
of TEI XML and ALTO formats and the adoption of IIIF standards. This 
process culminated in the creation of a final digital edition prototype on the 
Simple Annotation Server (SAS), enabling the side-by-side visualization of 
images and their corresponding transcriptions. In fact, the research involved 
uploading the text transcription annotations via SAS into the IIIF manifest, 
sourced directly from the Digital Library of the Ambrosiana, adhering to the 
principles of Linked Open Data (LOD). The LOD paradigm offers substan-
tial advantages for language data, such as structural and conceptual interoper-
ability, federation, the expressivity of semantic web models and the network 
effect. Given the context of this study and its placement within the realm of 
the Semantic Web, the use of the LOD paradigm was imperative for address-
ing the research problem. Therefore, the aim was to develop a model that can 
be replicated and adapted for other manuscripts, thereby enhancing cultural 
heritage through innovation and accessibility by bridging traditional practices 
with advanced technological tools and addressing the absence of a unified 
data-structuring model in the community.
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2.  Data and technologies employed

The core data for this case study comprises the IIIF images of De educandis 
ingeniis, accessible via the Digital Library of the Veneranda Biblioteca Ambro-
siana website, alongside its corresponding IIIF manifest and the transcription 
of the manuscript. The Ambrosiana’s Digital Library actively aims to enhance 
its foundational collections, namely Inferior, Superior, S.P. and Trotti, through 
systematic digitization and open online access. This strategic initiative serves 
a dual purpose: it safeguards these invaluable manuscripts for posterity while 
simultaneously broadening their utility for scholarly pursuits and research. As 
the first library in Italy to adopt the IIIF standard, the Ambrosiana leverages 
tools like the Mirador viewer and the image server Cantaloupe to ensure wide 
accessibility. Notably, the IIIF ecosystem is seamlessly integrated with the li-
brary’s OPAC (On-line Public Access Catalog), establishing a direct link be-
tween a manuscript’s catalog description and its corresponding digital resource 
(Cusimano 2019). IIIF, a set of open standards supported by a global consor-
tium of cultural institutions, offers significant benefits, including high-quality 
image delivery with advanced zooming and manipulation options, compati-
bility with diverse tools for viewing and comparing images and the flexibility 
to «publish once and reuse often» across different platforms (Salarelli 2017).

The transcription of the manuscript was executed using Transkribus, a 
platform developed through two EU-funded research projects and managed 
by READ-COOP SCE since July 2019. In essence, Transkribus, built on Java 
technology, supports both manual and automatic transcription, facilitates 
the training of custom AI models, provides advanced search tools and allows 
document export in multiple formats. Nevertheless, Transkribus is a “closed 
environment”, presenting certain limitations, particularly compatibility issues 
when attempting to use externally the work produced within its ecosystem. 
These challenges, compounded by bureaucratic and authorization obstacles 
and platform copyright restrictions, collectively impede full adherence to 
LOD principles. Consequently, the goal of this specific study with De educan-
dis ingeniis was to export the generated work and achieve comparable visual-
ization results outside the Transkribus environment, thereby ensuring authen-
tic interoperability and alignment with the LOD paradigm. For De Educandis 
Ingeniis, a HTR model was created on Transkribus by transcribing the entire 
manuscript to create a Gold Standard. The transcription was then exported 
in multiple formats, including TEI XML, a widely adopted format in Digital 
Humanities for encoding and managing digital data. Despite its flexibility 
and scholarly value, the integration of TEI with IIIF remains challenging and 
lacks standardization (Monella and Rosselli Del Turco 2020). As a result, after 
evaluating various approaches, ALTO files exported from Transkribus were 
then selected for further use.
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ALTO, an open XML Schema developed under the EU-funded project 
Metadata Engine (METAe), offers a standardized format for describing the 
layout and content of physical text resources, such as book pages or news-
paper articles. The distinct advantage of the ALTO format in this case study 
lies in its capacity to act as a pivotal connecting link, ensuring a streamlined 
workflow without data loss or redundancy during the annotation phase. It fa-
cilitates the efficient transformation, adaptation and linking of data, all within 
a LOD perspective. In fact, the ALTO files were converted into annotations 
using the Alto2Annotations transformer and subsequently uploaded to SAS, 
the final technology employed in this project to create a visualizable prototype 
via Mirador. SAS, a Java-based annotation server developed by Glen Robson, 
the Technical Coordinator of the IIIF Consortium, provides an accessible and 
open-source solution, enabling users to work locally on their computers while 
sharing the results via links as needed. It supports both IIIF and the Mirador 
viewer, allowing annotations stored as linked data in an Apache Jena triple 
store. This approach fully aligns with Linked Open Data principles, enhanc-
ing interoperability (Ide and Pustejovsky 2010) and semantic connections 
across the web, thereby underscoring the potential for linked data to serve 
as a foundation for future and similar projects. However, SAS can experience 
downtime, a vulnerability stemming from its reliance not only on its own 
stability but also on the stability of the website hosting the referenced IIIF 
manifest. Since SAS adheres to the LOD paradigm, its components are highly 
interoperable and interconnected, meaning that the failure of one element can 
potentially impact the entire system. Regardless, SAS provides a configurable 
backend capable of leveraging various technologies, including Jena and Ses-
ame for Resource Description Framework (RDF) support, as well as SOLR. 
It also supports custom annotation bodies formatted in RDFa, allowing for 
greater flexibility in annotation structure and utilization. Therefore, future 
work could explore these server features to fully capitalize on Linked Open 
Data for enhanced data analysis, enrichment and information retrieval.

3.  Workflow

The methodology and workflow of this project commenced with the study 
and application of Transkribus within the Veneranda Biblioteca Ambrosiana. 
However, this process has progressively evolved through dedicated research, 
continuous experimentation and the successful navigation of numerous chal-
lenges. This evolution is inherent to the project, given its reliance on cut-
ting-edge technology that remains actively under development.

The initial phase involved the meticulous selection and review of the man-
uscript De educandis ingeniis and its historical context. These choices were 
guided by feasibility considerations, including the available timeframe and 
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the manageable volume of data. Subsequently, the manuscript images were 
accurately uploaded to the Digital Library in IIIF format, joining alongside 
the existing catalog on the platform. De educandis ingeniis model was then 
developed for the HTR of this particular handwriting style. All 92 pages of 
the manuscript underwent consistent and accurate line by line transcription, 
thereby creating a Gold Standard. Beyond the AI model itself, this effort 
yielded the ability to visualize the manuscript pages, uploaded as JPEG files 
derived from the “master files”, alongside their corresponding transcriptions 
directly within the platform, with the work also downloadable in various for-
mats. Nevertheless, it became evident that for data preservation and long-term 
maintenance, and crucially, due to the inherent incompatibility of Transkri-
bus’s workflow with the Ambrosiana Digital Library’s existing IIIF Mirador 
architecture, further direct use of Transkribus was deemed unnecessary. De-
spite this, the foundational work completed on the platform remains highly 
relevant, as it provided the essential HTR model for the manuscript, serving 
as the starting point for the entire case study.

Following this, an exploration of the various download formats led to an 
attempt to integrate the IIIF images from the Digital Library, specifically the 
IIIF manifest, with the TEI XML file downloaded from Transkribus contain-
ing the transcription. This involved extensive research into prior community 
efforts, notably the work of Paolo Monella and Fabio Cusimano (Monella 
and Cusimano 2019), as well as existing theoretical approaches. Theoretically, 
the TEI format inherently fulfills all interoperability and extensibility require-
ments (Burnard 2014), as the IIIF manifest of the manuscript could poten-
tially reference it as an external resource through the referenced annotations 
technique (Monella and Rosselli Del Turco 2020). Within the TEI XML file, 
the <facsimile> element is pivotal, linking the transcription to the correspond-
ing images of the manuscript pages. This connection is essential for aligning 
the digital representation of the manuscript with its physical counterpart, en-
abling users to view the original image alongside its transcription on compat-
ible platforms, such as Edition Visualization Technology (EVT) (Monella and 
Rosselli Del Turco 2020). However, in the context of this case study, EVT was 
not adopted, despite being the current state-of-the-art within the community. 
This decision stemmed from EVT’s primary tailoring for critical editions of 
philological texts, designing it as a specialized system for a specific use case, 
thus rendering it less suitable for the broader needs of the Ambrosiana’s Digital 
Library. Consequently, while TEI and IIIF integration is theoretically feasible 
and actively being pursued by experts, a seamless or viable solution for this 
specific project has not yet been identified.

To address the initial research problem and achieve the project’s objectives, 
an alternative solution was imperative for leveraging Linked Open Data to 
display manuscript images alongside their transcriptions. This research led to 
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the discovery of SAS, which aligns with the LOD paradigm by storing annota-
tions as linked data in an Apache Jena triple store. Its compatibility with both 
IIIF and the Mirador viewer, significantly enhances interoperability and se-
mantic connections across the web, embodying LOD principles and maximiz-
ing data integration potential. Furthermore, this server streamlines the anno-
tation of IIIF manifests and enables their automatic modification, while also 
supporting the upload of JSON files as annotations. This capability ensures 
the preservation of previous work and facilitates a smooth workflow without 
unnecessary delays. Specifically for De educandis ingeniis, 92 XML files, each 
representing a manuscript page, were exported from Transkribus in ALTO for-
mat, selected for its proven compatibility with SAS. ALTO, widely utilized in 
OCR contexts, integrates seamlessly with the Alto2annotations transformer, 
which facilitated the conversion of these files into IIIF-compliant JSON anno-
tations. This process ensured the smooth transfer of work from Transkribus to 
SAS, effectively linking the transcriptions to each online manuscript page and 
maintaining an efficient workflow throughout the annotation process.

The primary objective was to establish a single prototype for this project 
utilizing the modified IIIF manifest generated through SAS. This involved 
structuring the data via the latter and revising the original IIIF manifest ob-
tained through a link from the Digital Library. The modification employs the 
other content technique, which embeds links to Annotation Lists that point 
to external resources, namely, JSON files created by SAS containing the anno-
tations written for each manuscript page. Before achieving this, all 92 ALTO 
files required conversion using the Alto2Annotations transformer. However, 
the initial visualization in Mirador revealed that the rectangles did not precise-
ly correspond to the lines of text, leading to disorganized transcriptions. To 
rectify this, line level annotations were utilized (instead of word level ones) and 
the coordinates were removed from each file, allowing the annotation for each 
page to refer to the entire corresponding page. SAS necessitated JSON files 
compatible with Open Annotations IIIF v.2, requiring the application of the 
annotationListNoArt.xsl XSLT from the transformer. Subsequently, the out-
put JSON files were manually edited to include the URI of the correspond-
ing canvas from the published IIIF manifest in the Digital Library, ensuring 
proper communication and interoperability. Once the files were prepared, all 
annotations were successfully uploaded to SAS. Consequently, the server gen-
erated the modified IIIF manifest, enabling visualization in Mirador or Uni-
versal Viewer and facilitating work via a simple link.

As previously mentioned, SAS utilized Annotation Lists to incorporate an-
notations, specifically transcriptions, as this technique aligns with IIIF version 
2. Annotation Lists serve as a method for grouping annotations, typically at 
the canvas or page level. They may encompass resources like page transcrip-
tions or OCR data, formatted as annotations. These lists are linked to the 
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specific canvas they pertain to, functioning as independent resources meant to 
be accessed separately when required. This separation from the main manifest 
enables clients application to display images rapidly, thereby enhancing user 
experience by adding additional content and commentary as the user interacts 
with individual canvases. Moreover, Annotation Lists are generally resolvable, 
meaning their @id can be entered in a web browser to directly retrieve the 
list. As a result, they can be generated dynamically, while the manifest it-
self remains static and easily cacheable. Within the URI pattern, the {name} 
parameter must be unique to differentiate one Annotation List from others. 
While this parameter often matches the canvas name, it is not mandatory, as a 
single canvas might contain multiple lists categorized by resource type. There-
fore, adherence to specific provided URIs, rather than pre-generating them, is 
crucial. Furthermore, each Annotation List must possess a unique HTTP(S) 
URI specified in the @id field, which should return a JSON representation 
upon access. Annotations are included in a resources list and the format should 
correspond to the media type returned upon dereferencing the resource. The 
content type should be selected from a list in the Open Annotation specifica-
tion or other widely recognized ontologies. For resources directly rendered, 
such as images, transcriptions or musical performances, the motivation should 
be sc:painting. Content resources can also contain supplementary fields, in-
cluding labels, descriptions, metadata, licenses and attribution.

In the context of this case study, the JSON file of the IIIF manifest pub-
lished in the Digital Library contains the key elements which are characteristic 
of a manifest. Within the sequences property, the canvases are listed. Upon ex-
amining the modified and annotated IIIF manifest generated through SAS, it 
appears highly similar to the original one. However, a key distinction emerges 
when analyzing the sequences: a new property named otherContent is present, 
following the thumbnail property. This property has been utilized by SAS to 
link additional content, specifically an Annotation List, to the manifest. This 
represents the core addition to the new manifest, with the @id linking to 
another JSON file, specifically an Annotation List for each page of the manu-
script. It is important to note that this structure is consistently applied across 
all 92 images, thus uniformly affecting every canvas within the manifest. An-
alyzing the JSON of the Annotation List reveals the page transcription text 
in the text/html format and the motivation of the annotation, specifically 
sc:painting, thereby confirming the theoretical framework discussed previous-
ly. Through this structured, interoperable, precise and hierarchical data orga-
nization, the desired and final prototype becomes accessible on Mirador.
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4.  Conclusions

Within Mirador, the manuscript can be virtually navigated page by page, 
with each image featuring an annotation linked to the text transcription ini-
tially completed in Transkribus. This approach successfully achieves the pri-
mary objective of this research: to integrate the transcription alongside the 
manuscript and link it to the IIIF manifest of the manuscript’s images. This 
not only enhances interoperability but also provides the Ambrosiana Library 
with a methodology for potentially further advancing its digital library sys-
tem. The overarching goal is, therefore, to render its invaluable collection even 
more accessible, interoperable and reusable for researchers, students and en-
thusiasts worldwide (Cusimano 2021).

Consequently, this work proposes a solution for integrating images and 
text within the Ambrosiana Digital Library. It leverages LOD and IIIF tech-
nologies to make the manuscript De educandis ingeniis available in a new, in-
teractive digital format. The developed workflow was designed to overcome 
various bureaucratic, technical and copyright constraints associated with Tran-
skribus, as well as addressing the current lack of necessary Mirador plugins 
for IIIF image annotation in the Ambrosiana Digital Library. By progressing 
from transcription in Transkribus to annotation in SAS through multiple stag-
es of format conversion, a digital edition prototype was created, offering both 
enhanced accessibility and interactive research opportunities to scholars and 
enthusiasts. While the results currently remain within the research domain 
and the prototype is not yet available on the Ambrosiana website, they high-
light how LOD and IIIF could significantly facilitate the navigation, search 
and consultation of digitized manuscripts while preserving the quality and 
integrity of the original materials. This model also demonstrates promise for 
replication with other manuscripts and potentially across other cultural in-
stitutions, thereby fostering a broader and more systematic dissemination of 
cultural heritage (Spina 2023). Nevertheless, certain limitations were encoun-
tered, primarily because these technologies represent cutting-edge advance-
ments that continue their rapid evolution. Restrictions within Transkribus’s 
closed ecosystem and the complexities of managing complex data partially 
limited the workflow’s effectiveness in a standardized digitization context. As 
a consequence, the community shall prioritize research focused on the link 
between text and images. Future developments could include collaborations 
with other platforms and institutions to enhance interoperability and accessi-
bility, alongside establishing a unified and shareable data structuring model. 
However, future works should also encompass additional technical improve-
ments, such as supporting alternative encoding strategies to enable links to ex-
ternal resources, while ensuring that the entire edition, including XML, inter-
nal and external data and software, remains sustainable, durable and aligned 
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with the FAIR principles (Wilkinson, et al. 2016). Moreover, by continuing to 
utilize the SAS platform, it would be beneficial to conduct an in-depth study 
on the coordinates required for accurate annotations. It would be valuable to 
establish and standardize a method to convert image coordinates from ALTO 
format via Transkribus to IIIF format. That is to say, while this essential con-
version is technically feasible, its practical implementation remains challeng-
ing. Successful completion of this would fulfill the parameters required by the 
transformer on SAS, enabling word level annotation. This, in turn, would lead 
to a more sophisticated, precise and efficient prototype that closely mirrors the 
output of Transkribus. Furthermore, it is clear that the future aim would be 
to apply this workflow to an increasing number of manuscripts, initially from 
the Ambrosiana Library and later from other institutions, continually refining 
the process to make it more streamlined and efficient. Integrating manuscript 
images with a searchable text edition represents a critical advancement for the 
academic world, as there currently appears to be no established standard for 
achieving this goal (Spina 2023). In this context, the adoption of LOD is not 
merely a conceptual ideal, but a crucial functional imperative: the project em-
braces structural and conceptual interoperability, the expressiveness of RDF-
based models and the potential for data federation. In future developments, 
data enrichment could be enhanced, through cross-referencing with external 
authority datasets, thereby markedly improving information retrieval capabil-
ities across the cultural heritage domain.

In conclusion, this project currently represents a small yet valuable con-
tribution to the community and cultural resource management, fostering an 
ongoing dialogue between innovation and tradition. The developed proto-
type can facilitate the digital preservation of manuscripts while enhancing 
their accessibility and usability, echoing the ideal of ad publicum commodum 
et utilitatem, namely the common good, which inspired Federico Borromeo 
in founding the Veneranda Biblioteca Ambrosiana. Ultimately, history repeats 
itself: while contexts and technologies may evolve and change, the enduring 
spirit of public service and cultural sharing remains a constant in society.
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