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Conversational Virtual Assistants with Deep Learning

Lecture 12
Vision-Language Models

to Make Historical Documents Accessible
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[t Can Take Years Just to Read One Language
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Knowledge of at least two years of modern
Turkish is required to study Ottoman.
Knowledge of Arabic and /or Persian is a great
asset. First-year Ottoman Turkish offers an
introduction to the usage of the Arabic scriptin
Ottoman and relevant facts of Arabic and Persian
grammar. Readings are in print, generally with
examples from the 18th to early 20th
centuries. ... Intensive Ottoman summer

course at the ANAMED Center of Ko¢ University
in Istanbul.

Osman Aga of Temesvar, Die Autobiographie des Dolmetschers Osman Aga aus Temeschwar, ed. R. E. Kreutel, The E. J. W. Gibb Memorial

Trust, Cambridge, 1980.



Many Historical Document Digitization Projects

But without text extraction, they are unsearchable and unreadable
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The Endangered
Archives Programme

Supported by Arcadia

lIBnAnvOF OONGRESS

The New York Times, The Stars and Stripes (Paris, New York Journal, January 3, The Minidoka Irrigator Clipping from World War
October 31, 1915 France), May 10, 1918 1897 (Hunt, Idaho), January 15, History, Nov. 14, 1918
1944

Library of Congress, Newspapers Collection Overview, Library of Congress, 2025.
British Library, Endangered Archives Programme, British Library, 2025. 4



Text Extraction:
The Gateway to Al-Driven Knowledge Access
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LECTURE GOAL

A GRASS-ROOT MOVEMENT TO
MAKE WORLD HISTORY READABLE

CHURRO DS: AN OPEN, ACADEMIC HISTORICAL CORPUS
CHURRO VLM: AN OPEN-WEIGHT VISION LANGUAGE MODEL
HISTORYGENIE: AN Al ASSISTANT TO HISTORICAL DOCUMENTS
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Existing Document Datasets
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Zhong et al., PubLayNet: largest dataset ever for document layout analysis, ICDAR, 2019.

Liu etal, OCRBench: On the Hidden Mystery of OCR in Large Multimodal Models, arXiv, 2024.

Yang et al., CC-OCR: A Comprehensive and Challenging OCR Benchmark for Evaluating Large Multimodal Models in Literacy, arXiv, 2024.

Ying et al, MMT-Bench: A Comprehensive Multimodal Benchmark for Evaluating Large Vision-Language Models Towards Multitask AGI, ICML, 2024.



Performance of Flagship Models on Churro

60 58.4

55

50 —— Anthropic
——(OpenAl
45
40
September-2024 December-2024 March-2025 June-2025 August-2025

LLMs Regress on Tasks Not Tracked by Model Developers



Text Extraction from Historical

Corpora Is Challenging

Classic approach

* Manually annotate
* Text region boundaries
* Text inside each region
* Reading order between text regions

* Train a custom neural model
* Repeat for every new corpus
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Bottleneck: Lack of Data

* Many historical datasets lack fine-grained annotations
* Many languages have no annotated datasets at all

* Source of data:
 Scholarly publications on history have page-level transcriptions!

11
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Remove Fine-Grained Annotation Requirements

* Use Vision Language Models (VLMs) for full-page OCR
* No manual annotation of text regions required

— Y r—

Ddie durch meine Phantafie jogen unbd fie beleb:
ten, als bas fiille FBoIE betrachten, Das einft
bie einfamen MWeften Deutfihlands durchmwandels
ten, und Jreude mir, wenn diefe Gebilbe ihnen
nid)t gang unticblich erfdheinen.

SWie die Suft anMahrdhen fih inmix
entwicdelte, ober Die Gefdidte der
Eutftebung diefes Buadhleins.

Seinen Eltern geboren, um fie ciniger=
mafen iiber den Tob eines innigft und hodhit g¢
{icbten Tochterfeins, ber wenige Jeit nadh mei-
ner Gieburt erfolgte, zu tedffen, mit Det ich
sugleich alfe jingern Gefchwifter verlor, 9ins_m
meine evften Enewicelungsjabre einfam Bin.
Das Kind fithle dies nodh niht, die n&[)renb_e
Amme, die mit ihm tandelnden und {cherzenden
Eltern find ibm genug.  Aber {dhon um mein
brittes Jabr evinnere i) mid) einev grofen
Sebhnfucyt nach einem Sefadreen unb Gefpielen,
und wohl weif idh noch vie Freude, die i
Datte, als miv ein Briberlein geboren ward.

Example 1

VLM

\

die durch meine Phantasie zogen und sie beleb-
ten, als das stille Volk betrachten, das einst

die einsamen Vesten Deutschlands durchwandel-
ten, und Freude mir, wenn diese Gebilde ihnen
nicht ganz unlieblich erscheinen.

Wie die Lust an Mahrchen sich in mir
entwickelte, oder die Geschichte der
Entstehung dieses Biichleins.

Meinen Eltern geboren, um sie einiger-

mafden liber den Tod eines innigst und hochst ge-
liebten Tochterleins, der wenige Zeit nach mei-
ner Geburt erfolgte, zu trésten, mit der ich
zugleich alle jiingern Geschwister verlor, gingen
meine ersten Entwickelungsjahre einsam hin.
Das Kind fiihlt dies noch nicht, die nihrende
Amme, die mit ihm tidndelnden und scherzenden
Eltern sind ihm genug. Aber schon um mein
drittes Jahr erinnere ich mich einer grofien
Sehnsucht nach einem Gefahrten und Gespielen,
und wohl weifd ich noch die Freude, die ich
hatte, als mir ein Briiderlein geboren ward.

13



Full-page Extraction with Meta Data
Example 2 Full Extracted Text: here

—<HistoricalDocument>
—<Metadata>

Einz el ne 7 eitu ngSS eite, <Language>German</Language>

<WritingDirection>ltr</WritingDirection>

[llustrierte Kronen-Zeitung vom 1. ~<Physicalpescription>

Einzelne Zeitungsseite, Illustrierte Kronen-Zeitung vom 1. Juli 1933, Seite 10.

. . </PhysicalDescription>
hﬂ11933,SeH610. «&Jdmhp g
Nachrichten und Sportberichte aus der Illustrierten Kronen-Zeitung.
</Description>
<Script>Latin</Script>
</Metadata>
—<Page>
—<Header>
—<Heading type="other">
<Line>Nr. 12.012. Seite 10.</Line>
</Heading>
—<Heading type="main">
<Line>I1luftrierte Kronen-Zeitung.</Line>
</Heading>
—<Heading type="other">
<Line>Samstag, 1. Juli 1933.</Line>
</Heading>
</Header>
—<Body>
—<Paragraph>
<Line>Angekl.: Ich bin im Jahre 1925 im All-</Line>
<Line>gemein Krankenhaus vor Aerzten gepriift wor-</Line>
<Line>den. In acht von zehn Fallen habe ich Krankheiten</Line>
<Line>nur an dem Geruch des Harnes er-</Line>
<Line>kannt.</Line>
</Paragraph>
—<Paragraph>
<Line>Sachver{tandiger Prof. Dr. Wa-</Line>
<Line>Titzky: Ich erfehe aus einem Befcheid, daB Sie</Line>
<Line>in einem Fall eine Riickenmarksver—</Line>
<Line>krimmung feftgeftellt haben. Sie erkannten</Line>
<Line>fogar, daR diefes Leiden mit einem vor mehreren</Line>
<Line>Jahren erfolgten Sturz oder Schlag zufammen-</Line>
<Line>hangt. Es ift doch unmdglich, ein folches</Line>
<Line>Leiden mit der Nafe feftzuftellen.</Line>
</Paragraph>

P T Y P



https://suif.stanford.edu/~lam/Churro-Annotation.xml

Made Possible by
Recent Breakthroughs in VLMs

Transformer Encoder

A ~* Vision transformer [Dosovitskiy et al., 2021]

Vision Transformer (ViT)

MLP - e 224 x 224 pixel inputs
Head [ MLP ] . .
| i ] * Dynamic resolution [Dehghani et al., 2023]

Transformer Encoder

Qwen 2 VL [Wang et al., 2024

I
i
i
|
BEL
|
|
. | . * A pretrained VLM with dynamic resolution
o dddddidded | |pEE]| :
|
|
i
I
|

i

P pmireary [ Lmear PrOJecuon of Flattened Patches Sh lft tO Ward S pag €- l evel O C R mo d elS :

[class] embedding

41 1 , l 0 » CHURRO VLM [Semnani, 2025]
ﬁ&g @H.H}%HEWE i  Qwen 2.5VL [Baietal, 2025]
aches « OImOCR [Poznanski et al,, 2025]

Dosovitskiy et al., An Image is Worth 16X16 Words: Transformers for Image Recognition at Scale, ICLR 2021.
Dehghani et al.,, Patch n’ Pack: NaViT, a Vision Transformer for any Aspect Ratio and Resolution, NeurIPS 2023.
Wang et al.,, Qwen2-VL: Enhancing Vision-Language Model's Perception of the World at Any Resolution, arXiv 2024.
Bai et al., Qwen2.5-VL Technical Report, arXiv 2025

Poznanski et al., olmOCR: Unlocking Trillions of Tokens in PDFs with Vision Language Models, arXiv 2025.
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Representation of the Text Extraction Result
(OCR-Oriented)

* Proposed Specifically for OCR:
* ALTO: Analyzed Layout and Text Object XML Schema by Library of Congress
* PAGE: Page Analysis and Ground Truth Elements
* DocTags Markup by IBM research
 QwenVL HTML by Qwen Team, Alibaba Group
* Limitations:

* Represent the location of elements on the page
without specifying their semantics or relationship

» Have tons of optional syntax that are not used in practice
* Do not account for “Gaps”, “Marginal notes”... that can impact the meaning of the content

16



Representation of the Text Extraction Result
(Scholar Oriented)

* TEI (Text Encoding Initiative)
* Widely used by libraries and archives, but not OCR systems
* 500+ concepts
* Multiple ways to encode the same page
* Permits arbitrarily deep nesting
* No native support for elements like Header, Footer, Margin

17



A New HDML
(Historical Document Markup Language)

Design Goal: Suitable for training page-level text extraction systems
* Represent the whole document and nothing but the document
* Capture key information for downstream Al tasks
* Information available in many corpora -- No manual annotation needed

* Unique representation for training efficiency

Design: Refined from TEI
* A subset of TEI (45 concepts): Header, PageNumber, MarginalNote, Paragraph ...

* Provides a rough layout order -- no physical coordinate information

18



Metadata
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<Metadata>
<Language>Dutch</Language>
<Script>Latin</Script>
<WritingDirection>1ltr</WritingDirection>
<PhysicalDescription>
Two pages from a handwritten diary, with adhesive tape causing some obstruction.
</PhysicalDescription>
<Description>
Diary entries of Ernest Clarysse from October 1914,
detailing his flight and observations during World War I.
</Description>
</Metadata>

</Histericaloocument> 1 9




<Table>
<TableRow>

<TableCell role="header" rowspan="2">
<Line>Ne</Line>
</TableCell>

<TableCell role="header" rowspan="2">
<Line>Nom de famille.</Line>

</TableCell>

<TableCell role="header" rowspan="2">
<Line>Prénoms ou noms</Line>

= <Line>de baptéme.</Line>
. x » . </TableCell>
Bulletin de ménage N 7 Numéro de la maison: cTablecell role="header” rowspan="2">

A. Ttat des personnes présenfes dans le domicile du chef du ménage pendant la nuit du 30 novembre au 1 décembre 1880. - L. -
<Line>Position</Line>

<Line>dans le ménage.</Line>

da ménnge — (Les galotas, cuisines, caves et atolicrs dans lesquels on couche seront Ggalement comptés)
Babié en commun par 2 wéonges sera compté pour s, par § ménages pour 5, ete. K
Conftension. Etat ou branche d’occupation </TableCell>

des e es de 14 u-des
Zrme Sl Rl S s ey <TableCell role="header" colspan="2">

| Nombre des locaux habités falsant partie du domi

Personnes présentes faisant partie du ménage. Sexea| Date de la naissance. Etat civil. Origine.
Eiles seront inscriles dars I'ordre suivant: | &

1) Le chef du ménsge (piro ou mire do famille): 2) la ferame; 3) les enfants; 4) Iis parents (grands
t9, welres s on all € partie da wés ) tigues, ouvriers, apprentis, lucaiaires;

Canton

Licu de bourgeoisie.

Autres confessions.

8
= N | T i
[t t et antre ésen s " & 3 | o on ternelle. | Etat, profe g .| Enteeprise on adi : n
e e ‘g L e il G Borigie) | I el o et s ety <Line>Sexe.</Line>
= ‘ T T g i ¥ igine. 2| que possible. est employéd </TableCell>
| : = ableCe
AR ] ! v ez || Gisiiiin . v o ! = o 2
o 47 = der. et | / AR G T | LILL] 5| ‘/ - Uakil, Ldaaiz. | L. /‘ 5 = - . | <TableCell role="header" colspan:"S")
| 2 / | |
] | | <Line>Date de la naissance.</Line>
| - </TableCell>

} | | j | <TableCell role="header" colspan="4">

| ; <Line>Etat civil.</Line>

</TableCell>

<TableCell role="header" colspan="2">
<Line>Origine.</Line>

‘ ] </Tablecell>

| 3 <TableCell role="header” colspan="2">

i <Line>Séjour.</Line>

| </TableCell>

| | ; <TableCell role="header™ colspan="4">

y | <Line>Confession.</Line>

} ‘ : </TableCell>

2 <TableCell role="header"™ rowspan="2">
<Line>Langue</Line>

[

[

|

i

s |

| |
\

|

|

B. Etat des personnes faisant partie du ménage qm Sont momentanément absentes de la_comumne pendant la nuit du 30 novembre au 1* décembre 1880.

Personnes faisant partie du ménage S| 5 DR A g ok ‘?“‘"“if’““ Origine. v 06 sijour: Sois Etat ou branche docoupation
| qui sont b dela - NB. il puwoue 0| de Tabsence. 368 ipacsnton;ve T4 ne (0r o A <Line>maternelle.</Line>
- === i Lieu do bourgeoisie e e amer | Absent dopuis |5 fession ou oecupation. Entreprise ou
s Prénoms ou noms Position sl | Annte. | 2 (f‘:::m:’um ey o T e 2. e s e l:";.’mf e O:N.Wh“ b n:fn’," 1,,"& </TableCell>
L Hom Qe Sunille. ae bapteme. PR | 2 pays dorigine. | canton,imligueebo cuntan |  (mois, jours)? WAy dps = 4
: : ‘ 3 il s rage . k) b | <TableCell role="header” colspan="2">
| - 2 . . X N
| /} ! [/iﬁ*/ 1 Liarilacz a. L @ts I etata <Line>Etat ou branche d'occupation</Line>
A 148 | = T o n
| l ;“ 3 = = <Line>des personnes de 14 ans ou au-dessus.</Line>
| | | | : | i </TableCell>
B | ‘ I i : </TableRow>
Yo soussigné certifie que les listes A & B sont conformes & 1'état du ménage pendant la nuit du 30 novembre au 1 décembre 1550 5
</Table>

ﬂ



Headings

<Heading type="main">
<Line>LA LIBERTE — MARDI 8 JUIN 1926</Line>
</Heading>

<Heading type="sub">
<Line>La phrase sacrilége</Line>
<Line>de Rémy de Gourmont</Line>
</Heading>

<Heading type="other">
<Line>Voir en quatrieme page :</Line>
<Line>LA VIE SPORTIVE</Line>

</Heading>

21



Math!

<Line>
2.
<Formula notation="latex">
\int\limits {a_1}7{a_2} \int\limits {a_2}"{a_3}

\frac{(y-x) dx dy}{4 \sqrt{R(x)}

\sgrt{[-R(y)1}} = \frac{\pi}{2}
</Formula>

</Line>

22




Marginal Notes

b e et es e e e e

van ’sHertogenbofch. 225

Went 30, Fulij febriiven Cancelaer enbe Haben ban Gelberlantaen
e Hreven Staten van Vevecht/ den naervolgenden befs

Edele Mogende Heeren, A

Vwe E. M. zijn van ons bericht vant overcommen vanden vyandg . mﬁll:lfmaw

inde Veluwe, ende wat gedaen is om hcrrl\ te doen repouferen: In mid} ;Iiaunlasrn't

delerwijlis by hem niet voorglienomen,dan dat hy fijne brugge geleyt] Favenaci
ten beyden fijden verforcht. Vergangen faterdach den 28, alsoock gi bie Yeereit

c 4 5 2 : o Dtaten ban
feren'den 29. {ijn verfcheyd€ brandingen in Veluwen-zoom, efi vooll trecht/ i

_defe Stadt ghefticht: oock den nache tuflchen den 28. ende 29. eenigd Poudenoe abs

Chaloupen inden Rijn tegen over het Ber_chfche hooft, beginnen t g:;tggtai;&au
leggen, ommeonderfoeck van overvaren inde Betuwe te doen, waef panvelings,

inne hy God lof verhindert is, ende door des {elfs genade noch vorde|

dient verhindert te worden,wacr aen u E. Mo. ten beften weten de be
houdeniffe van defen Staet te dependeren: ondertuffchen foo heeft den
vyandt, zijne eyghene troupen, als die vanden Keyfer van alle canten
verwacht, die ten deele aengecomen, ende noch aencomende zijn, van
welckers yoornemen u E. Mog. van tijt tot tijt {poedich fal verwit=
ticht worden: Bidde God, u i

Edele Mogende Heeren te nemen in zijn heylighe bewaringe. uyt
Aernhem den 30. Tulij 1629.  Onder ftont,uwe E. Mog. dienft-
willige, Cantfer ende Raden des Furftendoms Gelre, ende Graef-
fchaps Zutphen, ter ordinantie vande felve, ende was onderteyc-
kent, I. Sluyfken. )

Dei 30. Fuli) vooy3, Wwag Pet betrocken uehit niet donder/ v
fuachts bonderde het feer/ foo bat eenighe beeftenin Rijfwik boot>
gl)em 1 werbar, Ben Gberfien Pauligne Grent Gouberiien

an Plenbijck Wwert boog cen {piegat ooy ‘sBertogenbofch aende Aine
Fferfybe een vibbe intlnf ontwee gefchooten/ barn Wwelcke quetiure b
Daet naer optent negenden Bugufitis Fzﬂognm. Hnde Apeochen na
e Petlery 18 Den ¥ feutenant Boublet gequet(t et een Dalchionet eer
ft;)lt'[i gauhe billen: Ftem den Wendyich Werboug Werde i1 35n by,

efchoten. :

g Den leften Fuld Heeft Braef Lenvick banden Wereh den boogleden
nacht wet al 3gn Crchivolek dat noeh op Dander [nbe bande F{fel
was/ ober de pugahe laten comen/ ende Deeft 12, halbe Tavtouinelr
ynet Pontenmede doen ober falen/ {oodat fip sjn Leger opte Welut=
kweop Deeft laten maveheven/ ende befen middacl) bedeip 30ne pugge
oy breeck/enbe af vocren:iien conde alf doe niet uetert Waer Hp’s booy
Badde: danhetghevuchte liep feer frevekz/dat hp °t op Deventer (ouda
geuunt Bebbens FRaer middach werdent d2ie goede Lompaengupent

efonben naer Zutphen/alfohet garmfoen dacr fwack Wwag/ ende {oo.
?p Dagy niet binnen sondgr comen/ datfeDacr dan nagy Webenter Bers

X1 Boeger

Grovten
Ddonver,

et Bleya
ftenGrenn
Goubernent
banp fendijsh
geftozen,

<MarginalNote placement="right_margin">
<Line>Brief van-</Line>
<Line>de Heeren</Line>
<Line>Cancelaer eh</Line>
<Line>Raden aen</Line>
<Line>die Heeren</Line>
<Line>Staten van</Line>
<Line>Vtrecht/ in-</Line>
<Line>houdende ad-</Line>
<Line>vertentie van</Line>
<Line>des vyants</Line>
<Line>handelinge.</Line>

</MarginalNote>

<MarginalNote placement="right_margin">
<Line>Grooten</Line>
<Line>donder.</Line>
<Line>Den Over-</Line>
<Line>lten Grenu</Line>
<Line>Gouverneur</Line>
<Line>van Ylendijck</Line>
<Line>gefltorven.</Line>
</MarginalNote>
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Interlinear Notes and Catchword

<Line>
Gl asly el Led DY)y aSus Jsd) 1
<InterlinearNote>

<Emphasis type="colored">
sl

</Emphasis>

</InterlinearNote>
</Line>

<Footer>
<CatchWord>>u</CatchWord>
</Footer>




Decorations and Musical Notation
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<MusicalNotation/>
<Paragraph>
<Line><Initial type="decorated”>C</Initial>ontre la froidor mest talés</Line>
</Paragraph>
<MusicalNotation/>
<Paragraph>
<Line>epris - de chanter ioliemét -</Line>
</Paragraph>
<MusicalNotation/>
<Paragraph>
<Line>por tresbone amor qui si ma soupris - g</Line>
</Paragraph>
<MusicalNotation/>
<Paragraph>
<Line>ie sai aescient - que ia nen iere parti -</Line>
</Paragraph>
<MusicalNotation/>
<Paragraph>
<Line>nul ior tant ¢ soie vis - ainz seruirai<Above>s</Above></Line>
</Paragraph>
<MusicalNotation/>
<Paragraph>
<Line>loiaument -ligement - bone amor ason de</Line>
</Paragraph>
<MusicalNotation/> 25



Figures

<Figure>
<Description>
Sketch of a stylized, curled abstract form,
possibly a decorative motif or a simplified animal representation.
</Description>

</Figure>
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Stamps and Seals

<Seal description="Embossed seal: INSTITUT ROYAL DE FRANCE"/>

<Stamp description="Letter D in a circle, possibly a paraph or control mark."/>




Deletion and Addition

% Lo Lihers M77\1 '/%%‘Z‘;
7 B trfpct 401 fake 185G
Goltak Pe Les

ZZF\L p‘lcw y h®l
W?/ laa 1IN Lo

<Item>
<Line><Deletion>Cerf marchant</Deletion></Line>
<Line><Addition>mod.</Addition></Line>

</Item>

28



Damages and Gaps

<Line>Denunciacion puesta a Antonio Lopez, Guar<Gap reason="damaged" extent="da"/></Line>




LECTURE GOAL

A GRASS-ROOT MOVEMENT TO
MAKE WORLD HISTORY READABLE

CHURRO DS: AN OPEN, ACADEMIC HISTORICAL CORPUS
CHURRO VLM: AN OPEN-WEIGHT VISION LANGUAGE MODEL
HISTORYGENIE: AN Al ASSISTANT TO HISTORICAL DOCUMENTS



CHURRO Dataset: A Human-Annotated Full-Page
Historical Document Dataset

German

Frenct

LAM STANFORD



Sources of CHURRO Dataset

~2 TB of data

155 corpora
Sources Tens of custom data
« Zenodo formats
* GitHub Restrictive License
* Universities = Not Convertible to Full-Page
e Libraries Machine Labels
e Books ® [naccessible

Not Historical

Zenodo: Open repository for EU-funded research outputs from
Horizon Europe, Euratom and earlier Framework Programmes. 32



CHURRO-DS Spans 22 Centuries

Zenon or Zeno (3rd century BC) was a
official in Ptolemaic Egypt around the 250s-230s

BC.
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Personal letter written in Arabic. The letter is
dated October 17, 1960, from Lebanon. The
sender, Malvina from Dhour El Choueir, writes to
her niece Ajni Jbeili.
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Ground-Truthed Data Set of Zenon Papyri for Handwritten Text Recognition. Isabelle et al. Zenodo. 2022
Muharaf: Manuscripts of Handwritten Arabic Dataset for Cursive Text Recognition. Saeed et al. NeurIPS Datasets. 2024.
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CHURRO Contains 46 Language Clusters

Handwriting

ﬁw
~

German

Middle High German
Low German

Old High German
Swiss German

Dutch Arabic
JETELTES Swedi
German s | sy | e
K er :

ISO 639-3: Language Coding Agency, 2007. 34



Distribution of Languages

Print (32 Languages) Handwriting (28 Languages)

&
<

B Chinese B Spanish B French B English ® Dutch ¥ German
" German = french " Spanish " Latin " Czech " Dutch ® Arabic ® Latin ® Japanese ® Khmer ® Swedish ® [talian
" Polish " Slovenian  # English "Japanese ® Bulgarian ® Sanskrit ® Norwegian ® Greek ® Vietnamese ® Persian ® Sanskrit ® Turkish
" Finnish " Swedish # Romanian = Hindi " Bangla * Chinese ® Hebrew ® Catalan ® Portuguese ® Czech ® Newari ® Finnish
® [talian ® Serbian ® Malayalam ® Slovak ® Estonian ™ Latvian = Pali Russian = Danish Yiddish
= Sorbian Indonesian ® Corsican Portuguese ® Catalan Greek
® Russian ® Slavic ® Occitan ® Yiddish ® Hungarian ® Malay
® Javanese Croatian

LAM STANFORD



LAM

@ cC

HURRO-DS: Summary

Unified 150 existing datasets, 100K manuscripts and prints, 3 writing
directions

22 centuries: 3rd century BC to 20th century AD
Page-level annotation with a standardized metadata schema in our HDML
Macrolanguage classification: ISO 639-3 (Agency, 2007)
Script classification:
 [SO 14924 (International Organization for Standardization, 2002)
* Glottolog
Reading order: ALTO XML (library of Congress, 2025), PAGE XML
Faithfulness: Diplomatic transcriptions

STANFORD



CHURRO Dataset Splits

Handwritten Documents

Train: 98,131

Validation: 1,170
Test: 1,170

Printed Documents

38



LECTURE GOAL

A GRASS-ROOT MOVEMENT TO
MAKE WORLD HISTORY READABLE

CHURRO DS: AN OPEN, ACADEMIC HISTORICAL CORPUS
CHURRO VLM: AN OPEN-WEIGHT VISION LANGUAGE MODEL
HISTORYGENIE: AN Al ASSISTANT TO HISTORICAL DOCUMENTS



CHURRO VLM:
A Vision-Language Model
for Reading Historical Documents

Fine-tuned on CHURRO-DS from 3B-parameter Qwen VL 2.5 model

Bai et al., QwenZ2.5-VL Technical Report, arXiv, 2025. 40



Experimental Setup

* Benchmark 32 VLMs and OCR systems in a zero-shot setting

* Accuracy Metric: Mormalized Levenstein similarity score

1 — (character level edit distance)

* Normalized to lie within [0, 1]
* Evaluated against the gold transcription

41



Results

System | ben  bul ces deu eng fin fra hin jpn lat nld pol ron san slv spa swe zho Avg
Closed VLMs (Zero-Shot)
Gemini 2.5 Pro 945 934 956 769 933 553 935 932 617 875 979 803 663 89.7 974 913 8l.1 6.6 809
Gemini 2.5 Flash 91.2 910 948 693 84.6 328 809 786 47.1 850 871 737 602 821 970 944 689 83 73.7
GPT-4.1 Mini 773 903 938 753 883 40.1 76,6 822 553 823 827 73.1 56.1 719 963 899 790 53 731
Claude Sonnet 3.7 852 864 948 647 80.1 258 76.1 898 298 850 76.1 713 641 821 950 848 702 1.8 70.2
GPT-5 Mini 78.6 838 926 67.8 864 393 834 782 443 815 B80S 704 435 655 929 906 727 46 698
Claude Opus 4.1 823 829 915 587 783 168 77.7 875 173 841 70.1 653 577 795 963 857 652 18 66.6
04 Mini 75.8 819 892 63.2 823 21.2 805 733 388 795 742 640 394 596 951 89.0 696 24 655
GPT4.1 714 783 895 63.7 81.8 345 750 764 197 769 7T6.6 648 409 606 90.6 8.0 665 39 644
03 76,5 778 88.0 584 816 19.7 80.1 763 120 79.6 73.1 655 33.6 598 948 894 600 15 627
01 7477 760 875 589 82.1 243 722 781 156 775 740 642 353 602 904 89.0 626 2.0 625
Claude Sonnet 4 73.3 776 866 56.1 762 158 699 765 175 83.1 70.7 634 51.0 69.1 93.8 789 588 20 622
GPT-5 73.6 77.1 869 59.2 81.1 199 798 615 142 782 718 642 33,1 530 903 89.6 586 13 60.7
GPT-4o 66.7 63.0 829 488 783 156 702 706 119 742 628 548 40.1 48.1 89.5 8.4 471 2.1 563
GPT-40 Mini 509 587 769 489 77.1 17.0 66.6 578 119 694 569 52.1 438 42.1 852 854 479 24 528
GPT-4.1 Nano 36.2 610 825 544 813 204 678 341 140 719 582 584 414 26.1 863 823 536 3.6 519
GPT-5 Nano 28.2 279 682 41.1 730 53 653 285 6.1 569 322 38.7 273 13.0 780 695 372 0.5 38.7

From left to right: Bangla, Bulgarian, Czech, German, English, Finnish, French, Hindi, Japanese,
Latin, Dutch, Polish, Romanian, Sanskrit, Slovenian, Spanish, Swedish, Chinese
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Results

System \ ben bul ces deu eng fin fra hin jpn lat nld pol ron san slv spa swe zho Avg
Open-Weight VLMs (Zero-Shot)
NuMarkdown (8B) 847 87.1 957 719 83.0 390 87.1 755 552 806 847 Ti4 529 733 956 869 773 1.1 72.7
olmOCR (8B) 792 848 900 664 79.7 285 837 850 425 825 829 724 514 664 96.2 907 732 0.2 698
Nanonets OCR (3B) 75.6 855 947 694 857 248 829 831 329 797 781 742 573 714 957 912 722 04 69.7
Qwen 2.5 VL (3B) 70.0 833 936 646 8.0 303 799 779 371 804 757 677 59.1 726 948 872 643 05 678
RolmOCR (8B) 827 794 875 639 884 17.0 784 851 351 792 737 655 579 677 8.1 90.7 708 12 672
Qwen 2.5 VL (72B) 879 896 83.6 533 757 106 80.2 890 473 853 659 571 574 702 959 895 509 37 663
Gemma 3 (27B) 61.6 620 783 497 704 210 66.8 743 183 69.1 504 527 487 614 894 725 440 54 553
MiMo VL (8B) 63.8 7277 824 510 71.5 72 726 514 268 826 504 496 40.0 447 924 757 505 2.1 548
Skywork R1V3 (38B) 207 358 706 423 734 176 68.7 188 122 673 472 468 31.5 17.1 816 723 370 27 424
InternVL 3.5 (30B) 164 102 565 353 763 13.1 646 160 132 628 427 315 188 116 773 675 278 28 358
R (4B) 19.0 17.2 439 284 67.7 139 62.0 252 63 488 320 273 246 169 625 628 270 29 327
Nemotron Nano VL (8B) 7.7 142 358 343 57.1 6.6 600 11.7 04 559 327 331 148 94 590 634 309 1.1 293
Phi 4 Multimodal (5B) 2.2 1.7 40 53 429 52 11.6 3.7 1.8 114 7.0 6.3 5.6 35 25.6 16.7 74 0.7 9.0
OCR Systems
Azure OCR 153 914 917 779 86.1 650 845 729 536 826 916 81.1 507 808 939 855 796 94 719
Mistral OCR 594 88.1 86.5 57.1 793 28.6 74.7 822 33 798 789 609 486 827 938 893 58.1 13 64.0
VLM Fine-Tuned on CHURRO-DS
@ CHURRO (3B) 709 96.1 956 823 91.0 63.2 896 946 741 920 957 8l6 796 93.1 976 914 872 6.2 823
A with Qwen 2.5 VL (3B) +0.9 +12.8 +2.0 +17.7 +9.1 +32.9 +9.7 +16.7 +37.0 +11.6 +20.0 +14.0 +20.5 +20.6 +2.8 +4.2 +229 +5.7 +14.5

From left to right: Bangla, Bulgarian, Czech, German, English, Finnish, French, Hindi, Japanese,
Latin, Dutch, Polish, Romanian, Sanskrit, Slovenian, Spanish, Swedish, Chinese
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Summary of Results for Printed Documents

Normalized Edit Distance

90
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B Gemini 2.5Pro M Azure OCR B NuMarkdown (8B) ™ Qwen VL 2.5 (3B)

82.3

Churro (3B)
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Summary of Results for Handwritten
Documents

80
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Summary of Per-Language Results

* Handwriting accuracy is 80%-+ in:
 Catalan, Dutch, English, French, German, Italian, Swedish

* Print accuracy is 90%-+ in:

* Bulgarian, Czech, Dutch, English, Hindi, Latin, Sanskrit, Slovenian,
Spanish
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The Accuracy-Cost Trade-oft

Normalized Levenshtein Similarity

o
o
1

(@)
o
1

N
o
1

Qwen 2.5 VL (3B)

1‘ 4.19% better

B Gemini 2.5 Pro

15.5x cheaper

B Gemini 2.5 Flash

4 NuMarkdown (8B)
4 W GPT-5 Mini
A RolImOCR (8B)

® Azure OCR

Claude Opus 4.1 ®
B Claude Sonnet 4

] -
Mistral OCR W GPT-5

& Open-Weight VLM
B Closed-Weight VLM
& OCR System

$500

$1,000  $2,000 $5,000  $10,000 $20,000 $50,000
Cost per Million Pages (USD, log scale)
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LECTURE GOAL

A GRASS-ROOT MOVEMENT TO
MAKE WORLD HISTORY READABLE

CHURRO DS: AN OPEN, ACADEMIC HISTORICAL CORPUS
CHURRO VLM: AN OPEN-WEIGHT VISION LANGUAGE MODEL
HISTORYGENIE: AN Al ASSISTANT TO HISTORICAL DOCUMENTS



WikiChat + CHURRO: Talk to the Archives

at history.genie.stanford.edu

History Genie

rs to explore historical corpora with the aid of Al.

Enabling scholars, students, and educato

University

IIIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIII

15 newspapers from
19t century Africa
Digitized for the first
time
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Three College Courses Have Used History Genie

Trevor Getz

Professor of
African and World History at
San Francisco State University
President
World History Association

Stanford University
* AFRICAAM 240 Knowledge Outside the

Colonial Library

San Francisco State University

 HISTORY 366 and Anthropology 609
Approaches to the African Pasts

* HISTORY 305 Al and Historical Inquiry

—
—

N
A
Research into
entirely new topics
that have previously been
missed by historical

researchers

Research that
provides new insights
into existing theme
\
— TN
\ /
Scholarship that

adds African perspectives
to modify existing

—

understandings of such topics
\ /

to Teach History with Authentic Sources

Example: The execution of a
Sierra Leonean leader named
Whobay and subsequent
protests.

Example: the impact of the
industrialization of agriculture in
Liberia or attempts to set up
independent states on the coast
of Ghana.

Example: Nineteenth century
Zionism, anti-slavery movements,
and the abolition of alcohol.

50



Historians Have Used History Genie to
Discover New Evidence

My aim was to center local sources, but it was difficult to achieve that
until you shared History Genie with me.

History Genie allowed me to complement dairies and narratives by
British military men with those authored in the African Times by West
Africans who lived along the Atlantic Coast.

-

Tony Yeboah
Assistant Professor of
African Art History
Tulane University

\
The History Genie tool was immensely helpful in what otherwise would
have been a lengthy process of reading entirely through each edition of
these newspapers to find relevant material.

L
Benjamin Wendorf
Professor of History

Quinsigamond Community College

J
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A Grass-Root Movement to
Make Historical Documents Accessible

* CHURRO-DS dataset with a new HDML language
* 99,491 pages
* 22 centuries
* 46 language clusters
* Handwriting and print

* CHURRO-VLM: a compact open-weight vision-language model

* Comparable to state-of-the-art commercial system (Gemini 2.5 Pro)
* 15.5x cheaper

* HistoryGenie: Al assistant for historical documents

Semnani et al., CHURRO: Making History Readable with an Open-Weight Large Vision-Language Model for High-Accuracy, Low-Cost
Historical Text Recognition, EMNLP, 2025. 52
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