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State of the art library catalogues...
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State of the art library catalogues...
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State of the art library catalogues...

Full text (1?)
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State of the art library catalogues... Full text search (1?)

* O L 0

<« > C 25 qalamos.net/receive/MyMssWork_work 00000616
v search terms (e.qg. title, name, ident numl|
Ralamos Qo e
connecting manuscript traditions =] customised search
> Works info al-Bahr al-zakhkhar (=)
. . » Person data
Links to manuscripts Biicoss i N -
L. . <= Exemplars #’ [AT-ONB] Cod. Gl. 1: al-Bahr al-zakhkhar al-jami’ li-
containi ng this text ril\oressiand usage madhahib ‘ulama’ al-amsar
#* [AT-ONB] Cod. Gl. 37: Bahr al-zakhkhar

»* [AT-ONB] Cod. Gl. 38: Bahr al-zakhkhar
#* [AT-ONB] Cod. Gl. 52: Bahr al-zakhkhar

# [AT-ONB] Cod. GI. 62: al-Bahr al-zakhkhar al-

Yshow more

Links to parts, editions, ...
. - Link to manuscripts has part »# [DE-SBB] Glaser 3 - 4: al-Tahqiq fT al-ikfar wa-
of the manuscript al tafsiq

has editing »” [DE-SBB] Glaser 3 - 9: al-Bahr al-zakhkhar
al-jami’ li-madhahib ‘ulama’ al-amsar
has editing »” [DE-SBB] Glaser 3 - 10: al-Bahr al-zakhkhar

l-iami‘ li-madhahib

Yshow more



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

e Make such feature-rich manuscript catalogues more feasible

e Make additional features possible:

o Full-text search in manuscripts
o ldentifying texts in (multiple-text) manuscripts
o Comparing and collating texts in manuscripts and printed texts

This work hinges on two main developments:

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



Our plans for the future

e Integration of text reuse data in library catalogues using APls
o Stanford’s Digital Library of the Middle East (DLME)

e [arge-scale HTR of manuscripts
o Single pipeline:
m Uploading images
m Transcription
m Textreuse detection
o Advantages of a corpus of manuscript transcriptions vs “critical” editions
o Helpful for cataloguing:
m Partial manuscripts
m  Majmid a (multiple-text) manuscripts
o 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

e KITAB: text reuse
e OpenITIAOCP: OCR and HTR
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Text reuse detection: passim algorithm

pairwise alignments
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Text reuse visualisations: pairwise

300 words / line | | |
(= ca. 1 page) | | ‘ | ‘




Text reuse visualisations: corpus-wide H.I‘.IH.I:I

The sira of Muhammad

Colour code: number of reused characters
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Text reuse visualisations: corpus-wide

o [ [ [ N N
342 492 642 793 043 1093 1243 1393

1
]
]
s

t
.
!

L]

<4 |

Not all books are as well-connected...

3]

haracters reused

TR R



[ext reuse in the Catalogue
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Text reuse in the catalogue
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pairwise
visualization

1<

Version URI
OpenlTI Corpus Release

Visualize all text reuse Q\

Pairwise Text Reuse Data:

Muhammad Tahir Barnaji

Ibn al-Atir

Sihab al-Din al-Nuwayri

Ibn Jawzi

Sibt Ibn Jawzi

Muhsin Amin "Amili

al-"Allamat al-Maglisi

Version - 2023.1.8
03 10Tabari.Tarikh.Shamela0009783BK1-aral

2023.1.8

Search

Title

Sahih Wa Daif Tarikh Tabari

al-Kamil fi al-tarih

Nihayat al-arab fi funan al-adab

al-Muntazam fi tarih al-mulak wa-l-umam

Mirat Zaman

A'yan Shi‘a

Bihar Anwar

Records # %

10713

4463

2763

2533

1058

i

(i

fii

i

Iy

S
b4

g

2

r

&
b4

d

2
k4

&
k4

2
2

k4

y

d

v




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:

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



Current HTR paradigm (Transkribus, eScriptorium, ...) T

TEXTS

INITIATIVE

Inputs:

e  Scanned page images of a manuscript

Manual transcriptions of 3-5 pages of that ms.
e (OCR model)

Training: train a recognition model to recognize Transcription: use the (re)trained HTR model to
the handwriting used in this manuscript transcribe the other lines of the manuscript

(use corrected transcriptions as training data) —

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



EN

INITIATIVE

AOCP Phase Il - Automatic Collation (ACDC)

Step #1: User uploads manuscript images Step #2: ACDC tool produces a very poor (dirty) OCR
and digital edition of text transcription of the manuscript image of Hafiz's Divin

Input #1: Manuscript images of Hafiz's Divan

[P S TR W Rl i
e e e e R ® e et AT e

Y

- : used to indicate incorrectly transcribed character
Input #2: Open-access digital texts of Hafiz's Divan

WSt 2l g Jgl 230 Ghad G 4S Lelsbi 5 WS ol AL Ll L Y

W3 53 A (s 4 JRSle daa 5 5 3G 0k ) L JAIS (WL s 51 4

This line text and
image are paired
and become
training data

WaSita 330y Sl 3500 el 320 48 Ldili LS 31 BLD LI Y) \

A\ 4

MSta il ! S5m0 Bl 35 o8 R 1048 ) sBlod! st s 1)
— 2R o st ol K 0l Gl Lga JAIS (il 5 g o
Note: Successfully aligned characters are highlighted in bright green

This line text and image are not paired and are set aside

Step #4: ACDC tool selects top line image-transcription pair Step #3: ACDC tool aligns dirty OCR transcription of manuscript images I
for inclusion in training data because their degree of alignment meets of Hafiz's Divan produced in step #2 with digital text (input #2) from
determined threshold and rejects bottom line due to low alignment step #1 by identifying matching patterns of characters in the two texts




TEXTS

AOCP Phase Il - Automatic Collation (ACDC)

INITIATIVE

Inputs:

e  Manuscript images of widely copied texts

e Digital text editions of those texts
e OCR model

Input #1: Manuscript images of Hafiz's Divin

Input #2: Open-access digital texts of Hafiz's Divan

Sl ) Ly Iyl 3 pa R (Bl 4S Ll LlS ol R Y1
W3 50 A [ gh 4 HSEe a5 30k Ol e RIS WL s 4

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

TEXTS

INITIATIVE

AOCP Phase Il - Automatic Collation (ACDC)

Inputs:

Step 1: “dirty” OCR: manuscript lines transcribed with initial OCR model

Manuscript images of widely copied texts => high error rate!

e Digital text editions of those texts
e OCR model

e i T bl g o el -Gl sl VL
—_— s
heed ce <liee tgile <

it e g

e e m ) o il e el (§ gt
- : used to indicate incorrectly transcribed character

Input #1: Manuscript images of Hafiz's Divin

Input #2: Open-access digital texts of Hafiz's Divan
Sl bl Ly ) el e Ble a8 gl S ) BB LY
W3 50 A [ gh 4 HSEa daa U 5 A0 b ) ) e RIS (Wil s 0 4

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 Il - Automatic Collation (ACDC)

TEXTS
INITIATIVE
Inputs: Step 1: “dirty” OCR: manuscript lines transcribed with initial OCR model
e  Manuscript images of widely copied texts => high error rate!
e Digital text editions of those texts
e OCR model

(e gy ey g
heed ce <liee tgile <

it e g

ERpeee wew e ) ool ) meew e U Sy

Input #1: Manuscript images of Hafiz's Divin

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

Input #2: Open-access digital texts of Hafiz's Divan v
WSl Sl Ly Oy 2 pa e e 48 el 5 LS ol RS LY WS il Ly dy) pas Ol 35 =S R g 10ds o D st s 1)
s o 3 o gh 4 RS daa 5 5 3K ke ol e RIS (Wil 5 4 P bl o B 0 4 RS e G 5 L G Lga RIS il g i
Note: Successfully aligned characters are highlighted in bright green

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 Il - Automatic Collation (ACDC)

TEXTS
INITIATIVE
Inputs: Step 1: “dirty” OCR: manuscript lines transcribed with initial OCR model
e  Manuscript images of widely copied texts => high error rate!
e Digital text editions of those texts
e OCR model

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

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

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 Il - Automatic Collation (ACDC)

TEXTS
INITIATIVE
Inputs: Step 1: “dirty” OCR: manuscript lines transcribed with initial OCR model
e  Manuscript images of widely copied texts => high error rate!
e Digital text editions of those texts
e OCR model

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

Step 4: re-OCR: use the retrained model to OCR the

Step 3: retrain OCR model: select the lines that were aligned
other manuscript lines

for more than n % to texts editions and use the aligned text
from the editions (!) to retrain the OCR model

Advantages: Results:
e no manual training data generation e Increased ranscription accuracy:
e model reusable across manuscripts

average 80% instead of 60% !
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

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):

ol 1 by g 01 6 0l il s el 0 Bl
f f

T !

(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):

i b o el sl sl
b T too b

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



AOCP Phase Il - Lacuna R

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

econstruction

OPEN

ISLAMICATE

TEXTS

INITIATIVE

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

VPOS="860"

WIDTH="2075"

HETGHT="262">

<Shape><Polygon POINTS="2498 986 2448 901 2423 881 2342 860
2337 860 2332 860 2327 860 2297 886 2261 860 2246 866 2211 866 2186 891
2035 871 1994 876 1944 876 1894 876 1843 876 1793 876 1743 881 1692 881
1642 881 1591 881 1541 881 1526 881 1460 901 1415 886 1390 886 1340 886
1324 886 1284 906 1284 911 1128 911 1027 911 987 891 987 891 937 896 921
896 901 911 896 911 750 896 735 896 685 901 634 901 584 901 549 901 433
916 438 1032 438 1082 715 1122 720 1122 725 1122 730 1122 785 1087 891
1117 896 1117 901 1117 1168 1087 1299 1112 1304 1112 1531 1672 1607 1107
1612 1107 1617 1107 1622 1107 1697 1082 1924 1692 1929 1092 1934 1092
1939 1092 1974 1062 2025 1097 2030 1097 2035 1097 2040 1097 2045 1097
2050 1097 2050 1092 2075 1072 2191 1097 2196 1097 2201 1097 2302 1052
2508 1047 2508 996 2498 976 2498 986"/></Shape>
<String CONTENT="5:8 &3 [s2dgs Lull 138 15id o, ¥l o cas”

HPOS="433"

VPOS-"860"

WIDTH="2075"

HETGHT="262"></String>

</TextLine>

<Textline ID="eSc_line_51239498"

BASELINE="446 1212 2526 1175"
POS="438"
VPOS="1057"
WIDTH="2085"
HEIGHT="226">
<Shape><Polygon POINTS="443 1208 443 1268 1324 1283 1329 1283
1586 1253 1627 1248 1642 1248 1727 1273 1732 1273 1738 1273 1743 1273
1748 1273 1783 1248 1788 1248 1808 1248 2141 1268 2146 1268 2518 1233
2523 1173 2513 1087 1924 1057 1919 1057 1914 1057 1838 1092 1607 1067
1602 1067 1596 1067 1591 1067 1561 1097 1521 1077 1516 1077 1511 1077
1249 1102 1168 1072 1163 1072 1158 1072 1153 1072 1148 1072 1148 1077
1118 1102 992 1082 987 1082 982 1082 977 1082 947 1107 735 1077 730 1077
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AQOCP Phase Il - Lacuna Reconstruction ESE

Stage 1 (“pre-training”): Mask out random parts of
each line - train to recognize patterns in images
- 1 (train on hundreds of thousands of line images!)
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Publication: Vogler et al. 2021: https://arxiv.org/pdf/2112.08692
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Stage 2 (“finetuning”): train a recognition model
with a small number of line transcriptions
(30-90 lines out of the 750.000!)
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Evaluation: use the model to transcribe unseen lines
and check how many characters it transcribed wrongly
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AOCP Phase Il - state of the HTR art

e HTR accuracy is already much higher than anticipated
e Main bottleneck (unexpectedly!): page segmentation: extracting line images
from page images is tricky (slanted lines, vowel markers, diacritics, ...)
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Our plans for the future

e Integration of text reuse data in library catalogues using APls
o Stanford’s Digital Library of the Middle East (DLME)

e [arge-scale HTR of manuscripts
o Single pipeline:
m Uploading images
m Transcription
m Textreuse detection
o Advantages of a corpus of manuscript transcriptions vs “critical” editions
o Helpful for cataloguing:
m Partial manuscripts
m  Majmid a (multiple-text) manuscripts
o 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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Proof of Concept grant

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



