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CHAPTER 4  

FROM DIGITAL IMAGE TO INTELLECTUAL ARCHIVAL CORPUS: 

THEORETICAL FOUNDATIONS OF ANNOTATION, STRUCTURING, 

AND RECOGNITION OF HISTORICAL MANUSCRIPTS 

 

Diuh Dmytro, teacher, West Ukrainian National University, Ternopil 

 

The modern digitization of archival heritage cannot be limited to simply 

scanning documents and using standard OCR tools. Traditional optical character 

recognition is primarily geared toward printed or relatively standardized texts, 

where characters have a consistent form, lines are clearly separated, the language 

system is homogeneous, and spelling conforms to modern standards. Historical 

archival manuscripts are of a different nature: they are not only textual but also 

graphic, linguistic, material, and source-related objects. 

An archival manuscript contains significantly more information than a set of 

characters for machine recognition. Important features include the handwriting of 

a specific scribe, the spatial arrangement of the text on the page, the condition of 

the medium, the presence of stains, tears, darkened areas, abbreviations, 

corrections, marginalia, numerical entries, and non-standard graphic forms. It is 

precisely these features that often determine the complexity of a document’s 

automated processing and, at the same time, hold source-critical value for 

historians, archivists, or cultural heritage researchers. 

An analysis of existing solutions (Table 1) shows that the development of 

automated processing of handwritten heritage has proceeded along several 

interrelated lines: the creation of reference corpora, the development of HTR/OCR 

platforms, the refinement of segmentation models, and the transition to 

transformer-based and multimodal approaches. One of the first standard resources 

for handwritten text recognition was the IAM Handwriting Database, which 

provided a research corpus for English-language handwritten text [1]. At the same 

time, such corpora do not reflect the complexity of historical archival materials, 
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which combine different writing systems, inconsistent spelling, degraded images, 

and document context.  

Among applied platforms, the best-known solution is Transkribus, which is 

used for automated recognition, transcription, and search in historical documents 

[2]. Its advantage lies in the availability of a ready-made infrastructure for training 

custom models and working with archival collections. However, such a platform is 

primarily focused on recognition and transcription, whereas issues related to the 

multilevel structure of the dataset, character-level annotation, and links to the 

scribe, page, line, and linguistic context require a separate methodological 

solution.  

Another approach is represented by the open-source tools eScriptorium and 

Kraken. eScriptorium is positioned as a platform for historical document analysis, 

enabling manual or automatic segmentation and transcription using the Kraken 

OCR/HTR engine [3]. Kraken, in turn, is geared toward historical and non-Latin 

scripts and supports model training, layout analysis, and text recognition [4]. The 

advantage of this class of solutions is their openness and the ability to deploy them 

locally; however, they require significant technical expertise, and the full-scale 

organization of validation, collaborative labeling, and multi-level metadata 

preservation typically falls to the research team.  

Specialized datasets, such as DIVA-HisDB, are essential for working with 

complex historical pages. This corpus contains 150 annotated pages from three 

medieval manuscripts and is used for document image analysis tasks, including 

segmentation, layout analysis, binarization, and scribe identification [5]. Its 

significance lies in the fact that it demonstrates the need for high-quality 

annotation of complex historical pages. At the same time, such datasets do not 

always meet the requirements of a multilingual Ukrainian archival corpus, which 

necessitates a combination of character-, word-, and document-level 

representations.  
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A separate stage of development is associated with Transformer models, 

specifically TrOCR. This model uses the Transformer architecture to combine 

visual image encoding with text sequence generation [6]. TrOCR demonstrates 

that pre-trained models can be effective for printed, handwritten, and scene text 

recognition; however, for historical archival manuscripts, its performance depends 

on domain-specific fine-tuning, the availability of high-quality transcriptions, and 

the relevance of the training data to the specific type of script.  

A more recent approach involves using multimodal large language models 

for transcribing historical manuscripts. Research from 2024 shows that such 

models can achieve competitive results for transcribing historical handwritten 

documents and can also be used to correct the results of specialized HTR systems 

[7]. However, these approaches have significant limitations: the risk of 

hallucinations, insufficient transparency of the internal recognition process, 

dependence on commercial APIs, and the difficulty of ensuring source accuracy. 

Therefore, for archival purposes, it is more appropriate to view them not as a 

complete replacement for HTR platforms, but as a supplementary layer for 

correcting, normalizing, explaining, and contextualizing transcriptions.  

Table 1.  

Comparison of existing solutions for processing historical handwritten 

documents 

Solution / 

Approach 

Primary Pur-

pose 

Strengths Limitations for ar-

chival manuscripts 

Significance for 

this field 

1 2 3 4 5 

IAM Hand-

writing Data-

base [1] 

A reference 

corpus for 

English hand-

written text 

A standardized 

resource for 

training and test-

ing HTR models 

Does not cover histori-

cal multilingualism, 

mixed writing systems, 

or archival contexts 

A starting point 

for the devel-

opment of HTR 

corpora 
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continuation of table 1 
1 2 3 4 5 

Transkribus 

[2] 

HTR/OCR platform 

for historical docu-

ments 

Ready-to-use infra-

structure, model 

training, and search 

within transcripts 

Limited flexibility 

for local scenarios 

and custom multi-

level dataset struc-

tures 

A practical bench-

mark for comparing 

HTR solutions 

eScriptorium 

[3] 

Open platform for 

historical document 

analysis 

On-premises de-

ployment, manual 

and automatic tran-

scription, integra-

tion with Kraken 

Requires technical 

support and addi-

tional organization 

of the annotation 

workflow 

A foundation for 

open research pipe-

lines 

Kraken [4] OCR/HTR engine 

for historical and 

non-Latin scripts 

Support for histori-

cal materials, mod-

el training, and 

layout analysis 

Requires prepro-

cessed data and 

technical integration 

A useful component 

for a local HTR pipe-

line 

DIVA-HisDB 

[5] 

An annotated cor-

pus of medieval 

manuscripts 

High-quality anno-

tation for page 

analysis, segmenta-

tion, and DIA tasks 

Not a specialized 

Ukrainian or multi-

alphabet corpus 

A methodological ex-

ample of complex 

historical annotation 

TrOCR [6] Transformer-based 

OCR/HTR model 

End-to-end recog-

nition, pre-training, 

and fine-tuning ca-

pabilities 

Requires domain 

adaptation for old 

handwriting styles 

and low-resource 

languages 

A promising model 

framework for HTR 

once a high-quality 

corpus is created 

Multimodal 

LLMs [7] 

Recognition, correc-

tion, and contextual-

ization of imag-

es/text 

Zero-shot/few-shot 

capabilities, poten-

tial for transcript 

correction 

Hallucinations, lack 

of transparency, API 

dependency, risk of 

losing source accu-

racy 

A supplementary tool 

for correction and in-

terpretation, but not a 

replacement for a 

verified corpus 

Developed by the author. 

 

A comparison of existing solutions shows that none of them fully meets the 

needs of digital archiving when working with multilingual and multi-alphabet 
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historical manuscripts. Corpora such as IAM have significant methodological 

value but do not reflect the specific characteristics of archival materials. The 

Transkribus, eScriptorium, and Kraken platforms provide important tools for 

recognition and transcription, but they do not fully solve the problem of creating a 

specialized, verified, and multi-level corpus. DIVA-HisDB demonstrates the 

importance of accurate annotation of complex historical pages, but it is not geared 

toward Ukrainian, Cyrillic-Latin, or mixed archival materials. TrOCR and 

multimodal LLMs open up new possibilities for automated recognition, but their 

effectiveness depends on the quality of training data, validation procedures, and 

the ability to control errors. 

Working with multilingual and multi-alphabet documents is particularly 

challenging. A single archival corpus may contain a mix of Cyrillic and Latin 

scripts, Ukrainian, Polish, Russian, Latin, or other languages, as well as 

transliterated forms, historical spelling variants, and inconsistent orthography. 

Under such conditions, the standard OCR approach—which assumes relative 

textual homogeneity—proves insufficient. Recognizing archival manuscripts 

requires not only a technical model but also a specially prepared corpus, as well as 

systems for annotation, validation, and metadata preservation. 

Therefore, in the digital humanities, it is appropriate to speak not simply of 

OCR, but of the broader process of HTR—handwritten text recognition. HTR 

involves accounting for variations in handwriting, the complexity of segmentation, 

and the association of a character or word with a specific page, line, language, 

scribe, and source of origin. Following this logic, an archival document is 

transformed from a digital image into a multi-level data object that can be used for 

training models, searching, analyzing, comparing, and further historical 

interpretation. 

Thus, the main introductory idea of this section is that historical manuscripts 

cannot be processed as ordinary machine-readable text. They require a distinct 

methodology that combines digital preservation, image preprocessing, 
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segmentation, crowdsourced annotation, expert validation, hierarchical data 

structuring, and the subsequent application of artificial intelligence models. It is 

precisely this approach that lays the foundation for the transition from simply 

digitizing archives to creating intelligent archival corpora suitable for scientific 

analysis, educational use, and the preservation of cultural heritage. 

One of the key theoretical challenges in modern historical and archival 

manuscript recognition is the lack of high-quality specialized corpora for 

Ukrainian, Cyrillic, and mixed writing systems. Despite the active development of 

HTR/OCR solutions, most existing corpora are oriented either toward modern 

standardized handwritten texts, well-prepared monolingual datasets, or segmented 

line images, which do not fully correspond to the nature of real archival materials. 

Studies on the hierarchical structure of datasets explicitly state that archival 

manuscripts are characterized by variability in handwriting, a combination of 

different writing systems, inconsistent spelling, foreign-language insertions, 

numerical entries, background distortions, and inconsistent segmentation quality. 

It is precisely these factors that make the simple transfer of existing OCR/HTR 

models to Ukrainian historical sources insufficient.  

The problem is not only technical but also infrastructural in nature. For 

languages with a strong digital presence, there are large training corpora, 

representative benchmarks, and established evaluation protocols. In contrast, 

Ukrainian historical manuscripts—especially those containing a mix of Cyrillic, 

Latin, transliterated forms, administrative vocabulary, historical spelling variants, 

and fragments in various languages—remain underrepresented in international 

datasets. This means that the problem of recognizing such sources cannot be 

solved simply by selecting a better model. The primary task is to create a corpus 

that adequately reflects the complexity of real archival writing. 

In this context, a corpus of historical manuscripts should be viewed not as a 

supplementary set of images, but as a fundamental research infrastructure for the 

digital humanities. It should contain not only scanned or segmented text fragments 
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but also a metadata system: language, alphabet, source of origin, page, line, scribe, 

character type, normalized word form, record validity, and whether the text 

belongs to a training, validation, or test sample. It is precisely this structure that 

allows not only for training models but also for investigating errors, comparing 

approaches, analyzing the impact of segmentation, and identifying patterns in 

historical writing. 

The theoretical problem of a lack of corpora is particularly acute at the 

character level. The presented materials indicate that a significant portion of the 

available corpora is constructed primarily at the line or page level and does not 

provide a holistic integration of representation levels—from individual characters 

to words and the broader documentary context. At the same time, the character 

level is critically important for archival manuscripts, where the form of a single 

grapheme can vary significantly depending on handwriting, language, position 

within a word, the condition of the document, or historical writing traditions.  

Therefore, the transition from the “dataset as a set of examples” model to the 

“dataset as a multilevel knowledge system” model is theoretically significant. In 

such a system, each fragment of a manuscript retains a connection to the document 

from which it originates and can be interpreted not in isolation but within its 

source, linguistic, and graphic contexts. It is precisely this logic that is necessary 

for Ukrainian and mixed historical manuscripts, where machine recognition must 

take into account not only the form of the symbol but also the cultural and 

historical specifics of the script. 

The methodological foundation for creating (Table 2) an intelligent archival 

corpus is a combination of three principles: human-in-the-loop annotation, a 

hierarchical data structure, and the preservation of document context. Each of 

these principles fulfills a distinct function; however, only their combination makes 

it possible to create a corpus suitable for training HTR models, subsequent 

semantic processing, and use in the digital humanities. 
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The “human-in-the-loop” principle means that humans remain active 

participants in the corpus-building process, but their role changes. They do not 

perform all the work manually but rather verify, refine, validate, and correct the 

results of automated processing. This “ ” approach is particularly important for 

historical manuscripts, where automatic segmentation can produce errors due to 

uneven handwriting, characters running together, page damage, archaic spelling, 

or a mixture of alphabets. The article on the architecture of the annotation system 

proposes precisely this logic: preprocessing and segmentation are combined with 

collaborative labeling, consensus-based validation, and logging of annotators’ 

actions.  

The second principle is the hierarchical nature of the dataset. It stipulates that 

the corpus should not be limited to a single level of representation. At the 

character level, individual graphemes are stored, which are suitable for training 

character classification models and analyzing graphic variability. At the word 

level, complete lexical units are stored, allowing for the study of context, 

orthographic variation, and segmentation errors. At the line, page, and document 

levels, the spatial and source origins of the sample are recorded. As a result, the 

corpus becomes a structure in which one can navigate from an individual 

grapheme to a word, a page, a scribe, and an archival document. 

The third principle is the preservation of documentary context. For a historian 

or archivist, it is important not only to know which symbol or word the model 

recognized, but also where this fragment comes from, in which part of the page it 

is located, to which document it belongs, in which language it is written, and 

whether it exhibits signs of abbreviation, transliteration, or non-standard spelling. 

The loss of such context transforms an archival fragment into an isolated image, 

which may be useful for technical classification but loses its source-critical value. 

That is why, in a hierarchical dataset, it is important to preserve the connection 

between the grapheme, the word, the page, the line, the scribe, and the source of 

origin.  



74 

Table 2. 

Methodological Principles for Creating a Digital Corpus of Historical and 

Archival Manuscripts 

Methodological 

Principle 

Content of the Princi-

ple 

Theoretical Signifi-

cance 

Practical result 

Human-in-the-

loop 

Combining automated 

processing with human 

annotation and valida-

tion 

Ensures quality control 

in cases of ambiguous 

handwriting 

Improves label accura-

cy and reduces the risk 

of incorrect labeling 

Collaborative an-

notation 

Involves multiple anno-

tators in verifying char-

acters or segments 

Allows for compensat-

ing for the subjectivity 

of individual annota-

tors 

Generation of consen-

sus or verified labels 

Hierarchical da-

taset 

Organization of data at 

the character, word, 

line, page, and docu-

ment levels 

Allows you to preserve 

the multi-level nature 

of the archival source 

The corpus is suitable 

for various types of 

models and research 

tasks 

Documentary 

context 

Preservation of infor-

mation about origin, 

page, scribe, language, 

and alphabet 

Transforms a dataset 

into a resource of his-

torical significance 

Enables analysis not 

only of characters but 

also of the historical 

document 

Metadata A formalized descrip-

tion of each sample 

Enables reuse, verifica-

tion, and comparison 

of results 

Prepares the corpus for 

open science, HTR 

benchmarks, and RAG 

search 

Validation Verification of annota-

tion and segmentation 

quality 

Separates reliable data 

from noisy or prob-

lematic data 

Formation of training, 

validation, and test sets 

Developed by the author. 

 

Thus, the methodological novelty of this approach lies not in a specific 

software solution, but in a change in the logic of corpus construction. Data for 

HTR ceases to be merely a collection of images and captions. It becomes a 
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controlled, multilevel, source-referenced structure in which each element has a 

technical, linguistic, and historical interpretation. 

The presented publications form a coherent research logic (Table 3), which 

can be summarized as a unified theoretical and methodological model for 

constructing HTR corpora for historical and archival manuscripts. The first 

publication details the architecture of a semi-automated annotation system. The 

second describes the hierarchical structure of the dataset. The third demonstrates a 

semi-automated pipeline for creating a corpus based on actual archival documents. 

Together, they enable a transition from a specific technical solution to a broader 

theoretical conclusion: the recognition of historical manuscripts begins not with a 

model, but with a properly organized corpus. 

In the publication on the architecture of the annotation system, the central 

issue is the organization of interaction between automated processing and the user. 

The proposed system includes image preprocessing, character segmentation, a 

client-server interface, a database, tables of users, characters, and labels, as well as 

preservation of the linguistic context. Of particular importance is that the system is 

designed for multilingual and multi-alphabet archival materials, where traditional 

OCR approaches are insufficient.  

The publication on the hierarchical structure of the dataset expands on this 

logic. It shifts the focus from the annotation interface to the structure of the corpus 

itself. The proposed approach combines character- and word-level components 

while preserving links to the scribe, page, line, and source of origin. This is 

important because most existing solutions focus either at the line level or the page 

level, whereas archival manuscripts require a finer-grained structure that also 

preserves context.  

The third publication, dedicated to a semi-automatic pipeline, serves as a 

practical validation of this model. It demonstrates that the creation of an HTR 

corpus can be organized as a sequence of interconnected stages: loading archival 

PDF documents, page rendering, binarization, morphological processing, contour 
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segmentation, character normalization, manual or collaborative annotation, quality 

aggregation, and the formation of a validated corpus. In a study based on 

documents from the State Archives of the Khmelnytskyi Region, 1,684 validated 

records containing 215 unique characters were created, with 48 students 

participating in the collaborative annotation process.  

The quantitative aspect of the pipeline is also significant. The materials 

indicate that the documents spanned 80 pages from several archival collections, 

and 7,464 segmented images of characters were obtained during the preprocessing 

stage. This demonstrates that a semi-automated approach is capable of scaling 

corpus construction without being entirely dependent on a narrow circle of 

experts, while at the same time maintaining the need for human verification, since 

the quality of historical script segmentation cannot be fully guaranteed by 

automated procedures.  

Thus, the three presented publications can be combined into a monograph not 

by mechanically summarizing their content, but by developing a generalized 

theoretical model. Its essence lies in the fact that for historical and archival 

manuscripts, it is not only the recognition algorithm that is critical, but the entire 

data preparation infrastructure: from digital images to a validated, structured, and 

contextually preserved corpus. 

Based on the analysis conducted, a key theoretical conclusion can be 

formulated: the corpus of historical and archival manuscripts is not a technical 

add-on to an artificial intelligence model, but an independent infrastructure of the 

digital humanities. Its significance lies in the fact that it creates the conditions for 

a transition from the passive preservation of digital copies to an active, machine-

readable, searchable, analytical, and interpretive representation of cultural 

heritage. 

In the traditional logic of digitization, an archival document is often viewed 

as an object of preservation: it must be scanned, described, cataloged, and made 
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accessible. In the logic of the intellectual corpus, the document takes on a different 

status.  

Table 3. 

Synthesis of the presented publications into a unified monographic model 

Publication out-

come 

Main content Monographic synthesis 

Annotation sys-

tem architecture 

A semi-automated web/local tool 

for symbol labeling with support 

for linguistic fields and validation 

Annotation is not a supporting step, 

but rather the methodological core of 

building a reliable HTR corpus 

Hierarchical 

structure of the 

dataset 

Character and word levels, links to 

the scribe, page, line, and source 

The dataset must have a multi-level 

structure that preserves the source 

context 

Semi-automatic 

pipeline 

Preprocessing, segmentation, anno-

tation, quality aggregation, validat-

ed records 

The HTR corpus is formed as a com-

plete cycle: from an archival docu-

ment to a machine-readable resource 

Pilot testing 80 pages, 7,464 segmented charac-

ters, 1,684 validated records, 215 

unique characters, 48 annotators 

The semi-automated approach is scal-

able and suitable for an educational 

and research environment 

Prospects Active learning, synthetic data, 

adaptive models, further corpus ex-

pansion 

The corpus serves as the foundation 

for the next stage—training and eval-

uating HTR models 

Developed by the author. 

 

It becomes a source of structured data suitable for machine learning, 

automated search, historical contextualization, analysis of linguistic variation, the 

study of handwriting, and the development of digital services for accessing 

cultural heritage. 

As infrastructure, the corpus performs at least five functions. First, it serves 

as a training dataset for HTR models. Second, it serves as a benchmark resource 

for comparing models and evaluating recognition quality. Third, it serves as a 

source-based research tool, as it preserves the link between a text fragment and the 

archival document. Fourth, it is an educational resource that can be used to train 
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students, researchers, and specialists in the digital humanities. Fifth, it serves as 

the foundation for further intelligent services—full-text search, RAG systems, 

museum assistants, digital exhibitions, and open science platforms. 

It is also theoretically important to distinguish between the concepts of 

“dataset” and “corpus.” A dataset can be a limited collection of examples for a 

specific experiment. A corpus, on the other hand, serves a broader scientific 

function: it must be documented, reproducible, structured, expandable, and 

suitable for reuse. For the digital humanities, the corpus-based approach is of 

fundamental importance, as it allows to combine machine learning with the 

requirements of source criticism, archival description, and humanistic 

interpretation. 

Thus, a corpus of historical manuscripts serves as an intermediary link 

between an archive and an artificial intelligence model. Without a high-quality 

corpus, the model cannot be reliable, and without the model, the corpus remains 

largely a static resource. Their combination creates a new type of digital archival 

infrastructure in which machine recognition, human validation, and source context 

function as a unified system. 

The prospects for the development (Table 4) of the proposed approach are 

linked to the transition from a static corpus to an adaptive intelligent ecosystem. 

Such an ecosystem should not only store and provide access to validated data but 

also continuously expand, refine, retrain models, and support new use cases in 

archives, museums, libraries, and educational institutions. 

The first promising direction is adaptive HTR models. Unlike universal 

models, which are trained on large general corpora, adaptive models can be fine-

tuned on a specific archival collection, script type, language, writing tradition, or 

historical period. This is particularly important for Ukrainian historical documents, 

where even a small number of high-quality, validated examples can significantly 

improve results for a specific corpus. The presented materials also emphasize that, 

for real-world archival scenarios, models capable of operating with small amounts 
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of annotated data and quickly adapting to a specific corpus are becoming 

increasingly important.  

The second approach is active learning. Its essence lies in the fact that the 

model does not passively learn from all the data but actively helps identify the 

most problematic, ambiguous, or informative examples that need to be forwarded 

to a human for review. This reduces the amount of manual annotation while 

simultaneously improving the quality of the training corpus. For archival 

manuscripts, this approach is particularly useful, as human resources are limited 

and there are many complex and ambiguous fragments in the documents. 

The third approach involves synthetic data—the creation of artificial or semi-

synthetic samples of handwritten text. Such data can be used to balance classes, 

increase the number of rare characters, and simulate variations in handwriting, 

noise, distortions, and page degradation. However, synthetic data should not 

replace real archival sources. It is best used as a supplementary layer that enhances 

model training, but it must always be combined with testing on real, validated 

fragments. 

The fourth area of focus is RAG search in recognized archival corpora. Once 

high-quality HTR transcripts and metadata have been generated, the corpus can 

serve as the foundation for retrieval-augmented generation systems, in which the 

language model does not generate a response “from memory” but instead draws on 

specific archival fragments. This opens up opportunities for scholarly research, 

automated contextualization of documents, and establishing connections between 

individuals, events, places, and dates. In the project materials, this area is directly 

linked to LLM contextualization, an open API, scholarly research, and verified 

interpretation of historical and archival sources.  

The fifth area is museum and archival services. The structured HTR corpus 

can be used not only by researchers but also by museums, libraries, educational 

platforms, and public digital services. It can be used to create full-text archival 

catalogs, interactive reading rooms, educational modules, digital exhibitions, 



80 

personalized historical narratives, and tools for promoting cultural heritage. From 

this perspective, HTR ceases to be a narrow task of computer vision and becomes 

part of a broader system of intelligent access to historical memory. 

Table 4. 

Promising Directions for the Development of Intelligent Corpora of 

Historical and Archival Manuscripts 

Area of Develop-

ment 

Content Expected Effect 

Adaptive HTR 

models 

Fine-tuning models on specific ar-

chival collections 

Improving accuracy for low-

resource and mixed corpora 

Active learning Selection of the most informative 

or problematic examples for annota-

tion 

Reducing the cost of manual anno-

tation 

Synthetic data Generating additional samples of 

characters, words, noise, and writ-

ing styles 

Class balancing and improving 

model robustness 

RAG search Combining HTR transcripts, a se-

mantic index, and a language model 

Verified interpretation of archival 

sources with references to the cor-

pus 

Museum and ar-

chival services 

Use of the corpus in catalogs, digi-

tal exhibitions, and educational in-

terfaces 

Transition from a closed archival 

resource to public digital heritage 

Open science Publication of corpora, protocols, 

models, and data cards 

Comparability of results and data 

reuse 

Developed by the author. 

 

In summary, the future development of this field lies in establishing a 

complete cycle: archival source — digital image — segmented fragment — 

validated annotation — hierarchical corpus — HTR model — semantic search — 

historical interpretation — museum and educational use. This cycle demonstrates 

that the future of digital archival science depends not only on the accuracy of 
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individual models, but on the ability to build a reproducible, controlled, and 

source-responsible infrastructure for working with historical manuscripts. 
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