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CDH at AKU-ISMC

● Book history
● Digital methods:

○ Text reuse 
○ Citation detection

● Corpus
● OCR/HTR
● Cataloguing and metadata

● Advocacy
● Methods development

(2018-2023)

(Est. 2023)

(Est. 2015)OpenITI project

AOCP 

● Arabic-script OCR
● Arabic-script HTR

(2018-2025)



State of the art library catalogues…

Allow you to search and browse metadata… 



State of the art library catalogues…

View all metadata

Links to digital images

Persistent URLs



State of the art library catalogues…

Table of Contents

Full text (!?)

Image   
   browsing, 
   download 



State of the art library catalogues…

Links to manuscripts 
containing this text

Full text search (!?)

Links to parts, editions, …
of the manuscript



Impressive! BUT…

A lot of manual work 

=> very time-consuming

=> very expensive

=> only possible for “rich” institutions

=> not easily scalable to entire manuscript collections (cherry picking)



The CDH at ISMC has been working on a number of projects to 

● Make such feature-rich manuscript catalogues more feasible
● Make additional features possible:

○ Full-text search in manuscripts
○ Identifying texts in (multiple-text) manuscripts
○ Comparing and collating texts in manuscripts and printed texts

This work hinges on two main developments: 

● HTR: Hand-written Text Recognition
● Text Reuse Detection: finding common passages between texts



Our plans for the future

● Integration of text reuse data in library catalogues using APIs
○ Stanford’s Digital Library of the Middle East (DLME)

● Large-scale HTR of manuscripts
○ Single pipeline:

■ Uploading images
■ Transcription
■ Text reuse detection

○ Advantages of a corpus of manuscript transcriptions vs “critical” editions
○ Helpful for cataloguing:

■ Partial manuscripts
■ Majmūʿa (multiple-text) manuscripts

○ Suggestions for similar texts

https://dlme-review.stanford.edu/library/catalog?f%5Bagg_data_provider_en%5D%5B%5D=Open+Islamicate+Texts+Initiative


Preparatory work: A tale of two projects

● KITAB: text reuse
● OpenITI AOCP: OCR and HTR



OpenITI Corpus

Unique Arabic Texts: 8711

With each release:
● Freeze corpus
● Publish on Zenodo
● Run passim



Text reuse detection: passim algorithm

Passim : comparing over 8600 texts 

Largest file = 32000 rows 

1.7 Million files 3.4 Million clusters

396 clusters > 100 passages 

pairwise alignments
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2.6 Billion Words of reuse



Text reuse visualisations: pairwise

300 words / line
(= ca. 1 page)



Tabari's Taʾrīkh
(d. 310)

Start of book

End of book

All books in the corpus, ordered chronologically

Colour code: number of reused characters

Miskawayh's Tajārib
(d. 421)

Ibn al-Athīr's Kāmil
(d. 630)

Text reuse visualisations: corpus-wide
Ṭabarī’s Taʾrīkh
       (d. 310)

The sīra of Muḥammad

All books in the corpus, ordered chronologically



Tabari's Taʾrīkh
(d. 310)

Start of book

End of book

All books in the corpus, ordered chronologically

Colour code: number of reused characters

Ibn al-Athīr's Kāmil
(d. 630)

Text reuse visualisations: corpus-wide
Ṭabarī’s Taʾrīkh
       (d. 310)

Interactive application:
kitab-project.org/explore

http://kitab-project.org/explore


Tabari's Taʾrīkh
(d. 310)

Text reuse visualisations: corpus-wide

Not all books are as well-connected…



Text reuse in the catalogue

Corpus-wide
visualization

Select 
pairwise
visualization



Text reuse in the catalogue

Select 
pairwise
visualization



OCR and HTR

● OCR = Optical Character Recognition
● HTR = Handwritten Text Recognition
● AOCP (Arabic-Script OCR Catalyst Project), funded by the Mellon Foundation
● Phase 1: developing OCR models for historical Arabic-script typefaces (print)
● Phase 2: developing HTR models for Arabic-script manuscripts
● Two novel approaches:

○ Automatic Collation for Diversifying Corpora (ACDC)
○ Lacuna reconstruction



Current HTR paradigm (Transkribus, eScriptorium, …)

Inputs:
● Scanned page images of a manuscript
● Manual transcriptions of 3-5 pages of that ms.
● (OCR model)

Training: train a recognition model to recognize
                the handwriting used in this manuscript

Transcription: use the (re)trained HTR model to   
       transcribe the other lines of the manuscript

Manual correction: manually correct the HTR output(use corrected transcriptions as training data)

Downside: a lot of manual labour, for each manuscript
=> impractical for transcribing large collections of manuscripts



AOCP Phase II - Automatic Collation (ACDC)



AOCP Phase II - Automatic Collation (ACDC)

Inputs:
● Manuscript images of widely copied texts
● Digital text editions of those texts
● OCR model

Publication: David Smith et al. 2023: https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf 

https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf


AOCP Phase II - Automatic Collation (ACDC)

Inputs:
● Manuscript images of widely copied texts
● Digital text editions of those texts
● OCR model

Step 1: “dirty” OCR: manuscript lines transcribed with initial OCR model
             => high error rate!

Publication: David Smith et al. 2023: https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf 

https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf


AOCP Phase II - Automatic Collation (ACDC)

Inputs:
● Manuscript images of widely copied texts
● Digital text editions of those texts
● OCR model

Step 1: “dirty” OCR: manuscript lines transcribed with initial OCR model
             => high error rate!

Publication: David Smith et al. 2023: https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf 

Step 2: alignment: use a text reuse algorithm to align 
                                OCR output to digital text editions

https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf


AOCP Phase II - Automatic Collation (ACDC)

Inputs:
● Manuscript images of widely copied texts
● Digital text editions of those texts
● OCR model

Step 1: “dirty” OCR: manuscript lines transcribed with initial OCR model
             => high error rate!

Step 2: alignment: use a text reuse algorithm to align 
                                OCR output to digital text editions

Publication: David Smith et al. 2023: https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf 

Step 3: retrain OCR model: select the n lines that were 
aligned best to texts editions and use the aligned text from the 
editions (!)  to retrain the OCR model

https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf


AOCP Phase II - Automatic Collation (ACDC)

Inputs:
● Manuscript images of widely copied texts
● Digital text editions of those texts
● OCR model

Step 1: “dirty” OCR: manuscript lines transcribed with initial OCR model
             => high error rate!

Step 2: alignment: use a text reuse algorithm to align 
                                OCR output to digital text editions

Publication: David Smith et al. 2023: https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf 

Step 4: re-OCR: use the retrained model to OCR the 
                            other manuscript lines

Repeat a few times

Step 3: retrain OCR model: select the lines that were aligned 
for more than n %  to texts editions and use the aligned text 
from the editions (!)  to retrain the OCR model

Advantages: 
● no manual training data generation
● model reusable across manuscripts

Results: 
● Increased ranscription accuracy: 

average 80% instead of 60% !

https://www.khoury.northeastern.edu/home/dasmith/smith-chr-2023.pdf


A line of text from a manuscript in an unseen hand, transcribed by the model 
generated by David Smith using the ACDC method (without any manual training 
data):

(Hamburg, Staatsbibliothek Cod. Orient. 300, fol. 5a) 



A line of text from a manuscript in an unseen hand, transcribed by the model 
generated by David Smith using the ACDC method (without any manual training 
data):

(Leiden, Universiteitsbibliotheek ms. Or. 3101, fol. 5a) 



AOCP Phase II - Lacuna Reconstruction

Stage 1 : Mask out parts of the text - train to recognise 
masked parts (train on 1000s of folios!)

Stage 2 : Finetune on a small number of 
transcriptions (if needed)

=



AOCP Phase II - Lacuna Reconstruction

Publication: Vogler et al. 2021: https://arxiv.org/pdf/2112.08692

Stage 2 (“finetuning”): train a recognition model 
with a small number of line transcriptions 
(30-90 lines out of the 750.000!)

تعالى ولقد اخذنا ال فرعون بالسنین ونقص من الاموال
=

Stage 1 (“pre-training”): Mask out random parts of 
each line - train to recognize patterns in images 
(train on hundreds of thousands of line images!)

…

lines of pre-training data
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Evaluation: use the model to transcribe unseen lines
and check how many characters it transcribed wrongly



AOCP Phase II - state of the HTR art

● HTR accuracy is already much higher than anticipated
● Main bottleneck (unexpectedly!): page segmentation: extracting line images 

from page images is tricky (slanted lines, vowel markers, diacritics, …)



Our plans for the future

● Integration of text reuse data in library catalogues using APIs
○ Stanford’s Digital Library of the Middle East (DLME)

● Large-scale HTR of manuscripts
○ Single pipeline:

■ Uploading images
■ Transcription
■ Text reuse detection

○ Advantages of a corpus of manuscript transcriptions vs “critical” editions
○ Helpful for cataloguing:

■ Partial manuscripts
■ Majmūʿa (multiple-text) manuscripts

○ Suggestions for similar texts

https://dlme-review.stanford.edu/library/catalog?f%5Bagg_data_provider_en%5D%5B%5D=Open+Islamicate+Texts+Initiative


Large-scale automated HTR and libraries
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Batch
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API

Existing texts in the corpus



Proof of Concept grant

● Talk to libraries and manuscript holdings to 
● Implement the pipeline
● Test the pipeline on a number of collections


