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Historical Document Transcription

Working with scholars
IN humanities who want
to study texts from the
1500s.

Standard OCR systems
don’t work well on
printing-press books.




State-of-the-Art: Ocular

* Berg-Kirkpatrick, Durrett, and Klein 2013
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Slide courtesy of Taylor Berg-Kirkpatrick [Berg-Kirkpatrick et al. 2013]



Multilingual Texts

 But many historical documents are written in,
and switch readily between, multiple languages.






Aduertefcias para
como parece manifiefto en las palabras de:§,
loan, que dize

ot
loqual deuen fer inftruydos y enfenados,que
todas tres diuinas perfonas {on yn Dios vers
dadero: o reformando la {fobre dicha ;mg" ‘
ficion, y anadiendo efta palabra.
con que fe quita toda amphibo=
logia y duda diziendo. In Dros,

Spanish

q.d. Dios es Padre, Hijo, y
| atin perfonas,vn {olo Dies verdadero todas tres,

| o la qual reduplicacion fe quira roda dubda,
| Tambien fe quita con eftas propofsiciones.

perfonasme .
Qtros refponden [y es ¢l
fegundo error :

‘a alefios de fyys miniftros les hi
nvocabloenfid
uin

Nahuat!

parefcido el

&



Aduertédcias'-"‘iarh

Tres fynt qui reftimonia dae
in ceelo Pater, Verbum, & Spiritusfanéus ;
& hi tres vaum funt, 1. loann, vitimo,

Spanish
Latin

Nahuatl Diratiilan

Spiritufans

uim



Spanish
Latin

Nahuatl

Aduertédcias'-"‘iarh

In huel 1me

iIXtintzitzin

a Tertatzin
gan ce
in huel imeixtintzitzin,

Tepiltzin
huelnell: tentl

ca Tettarzin,Tepiltzin,
an huel icelezin reucl i t1ahtohnani,

a Tettarzin, Tepiltzin,
imeixtin [ can buel icelezin

tlahtohpani, Ca intmeixtin cai .
can huel 1celtzin teutl tlahtohuani in:.
huel imeixtin, q'

tlahtohnani immt¢

reinreotica

meteihttoti ca,

uim






Starting Point: Ocular

Generative Model in 3 parts:

1. Language model

2. Typesetting model

3. Rendering model

10 [Berg-Kirkpatrick et al. 2013]



Ocular’s Generative Model

Language Model -
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Slide courtesy of Taylor Berg-Kirkpatrick [Berg-Kirkpatrick et al. 2013]



Ocular’s Generative Model
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Ocular’s Generative Model

Language Model -
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Typesetting Model
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Slide courtesy of Taylor Berg-Kirkpatrick [Berg-Kirkpatrick et al. 2013]
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QOur Focus

Language Model
re (B

Slide courtesy of Taylor Berg-Kirkpatrick [Berg-Kirkpatrick et al. 2013]



Starting Point: Ocular

* The language model helps Ocular work well, but
creates additional challenges for many documents.

e Our work helps to overcome those challenges.
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QOur Focus

1. Multilingual code-switching

2. Inconsistent/outdated orthography
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Ocular’s Language Model
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Ocular’s Language Model

file6.txt

fileb.txt
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Baseline Multilingual Model

Snan%ghﬁ +~+
Snﬂh%QhR +~r4+

gnanichd +~v+

ananichl +~x+

~

Sn3ﬁ4gh7 +~r1+

L Ispanishl.txt

+inA +x+
latinBi +~+ <:>
latind +~+ — -
latin +w+ ab‘-gas=-F€EF-.
+in?2 +~x+

latinl.txt

hiiatl1A6 +x1+
nabhunat+ 18 +~4
nabuat+lAd +~+
nahnnat+ 1 ++v+
nahunatl12 +~+

nahuatll.txt
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Baseline Multilingual Model

Snanﬁghﬁ +~1+

Jatinh +~+ — <:>
£16 +ot b B N
z
I‘].alm;a-l-ll: A-I-:(--I- " L COUﬂt ﬂ'gramS @“F‘za‘
nahina ~z

nahnnat+11 +v+ Xt
nahinatl1?2 +~+

nahuatll.txtF
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Baseline Multilingual Model

e Poor results

. “Multilingual blur”
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Code-Switching Language Model

Snan%ghﬁ +~+
Smn-i chB +~+

gnanichd +~v+

ananichl +~x+

u.sm“-ig'h') +~1 {»[81_1
_{spanishl.txt ‘

+in6A +~x+
latinBi +~+

latind +v+ —( N\ A
latinl +v+ 4’(31'—1 ﬁ €; ﬁeﬁl ]—>

+in2 +~+
.jiatinl.txt

hiiatl1A6 +x1+

nabhnat+l18 +vi+ f}(&_l
nabuat+lA +~+ ‘

nahnnat+ 1 ++v+
nahunatl12 +~+

nahuatll.txt
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Code-Switching Language Model

\fngh%ghﬁ +~+ <:::>

Smn-i chB +~+

gnanichd +~v+

ananichl +~x+

s..smﬁ-ig'h') +~1 {»(el—J
_{spanishl.txt ‘

+in6A +~x+
latinBi +~+

latind +v+ —( N\ A
latinl +v+ 4’(31'—1 ﬁ €; ﬁeﬁl ]—>

+in2 +~+
.jiatinl.txt

hiiatl1A6 +x1+

nabhnat+l18 +vi+ 4/>(ei_1
nabuat+lA +~+ ‘

nahnnat+ 1 ++v+
nahunatl12 +~+

nahuatll.txt
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Code-Switching Language Model

\fngh%ghﬁ +~+ <:::>

Smn-i chB +~+

gnanichd +~v+

ananichl +~x+

S.n.a“';:_’h’) S /APIei—LS
L Ispanishl.txt

+in6A +~x+
latinBi +~+

latind +~+ — ( = S
latin? +v+ 4’(31'—1,1 ;1 ei+1,l]—>

+in2 +~+
.jiatinl.txt

hiiatl1A6 +x1+
nabhunat+ 18 +~4 ::::Ee%Ln
nabuat+lAd +~+

nahnnat+ 1 ++v+
nahunatl12 +~+

nahuatll.txt
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Code-Switching Language Model

\fngh%ghﬁ +~+ <:::>

Smn-i chB +~+

gnanichd +~v+

S_n_an'ighQ + <+ / \
{spanishl.txt

+ina +~v+
latins +~+
la+{nA +~r1 [

latin +w+

+in2 +v+
.qiatinl.txt
hiiatl1A6 +x1+
nahnat+ [+t 4>( €;-1.n é;n €i+1,n]—>
nabuat+lAd +~+

nahnnat+ 1 ++v+
nahunatl12 +~+

nahuatll.txt
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Code-Switching Language Model




Code-Switching Language Model

P(/;|10;_1) is learned
unsupervised via EM, 7o) /.
1= ?

lit1
with a hyperparameter
biasing the model
toward not switching

(long language spans) ~__ | /
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ficion, y anadiendo efta palabra. [n huel 1me
ixtintzitzin, con que {e quita toda amphibo~
logia y duda diziendo. In Dios,ca Tertaczin
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‘anadiendo efta palabra. [n huelime jxtintzitzin, con que fe quita toda amphibologia y dudadiziendo. In Dios
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Ixtintzitzin, con qae

AABCDEFGHIIJKLMNOOPQRSTUUVWXY?Z
Spanish adbcdéfghiijklmnodpgrstulvwxyz
01234567890.,/\()2!"":;-

ABCDFGHIJKLMOPQRSTUVWXYZ
Latin abcdfghijklmopgrstuvwxyz
01234567890.,/\()2!"":;-

ABCDFGHIJKLMOPQRSTUVWXYZ
Nahuatl abcdfghijklmopgrstuvwxyz
01234567890.,/\()2!"":;-
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Code-Switching Language Model

* |mproves transcription quality, and

* Implicitly identifies language spans in text
(metadata of the transcription)
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Orthographic
Variability



Orthographic Variability

* We train our language models from available text
(e.g. Project GutenberQ)

 Modern transcribers use modern spellings, which
often do not match the printed documents
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Orthographic Variability

ranscription Modern Form
dize dize dice
nLummero numero  namero

Dode D&de Donde
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Orthographic Variability

Simple solution:

Modity the modern corpora to use old conventions.

31



Orthographic Variability

Modern Spanish

snan%ghﬂ +~r1
cnanichb +~4

nichd +~x+
_q§ianigh1 +~ 1
Snan%gh? + ~+

spanishl.txt

Replacement
Rules

32

Old Spanish

S

snanisheh . t+xt+
nanishBSh +x+

S

nanishdh +x+t
esnanishlb . txt

ananicsh?b . t+xt

spanishlb.txt




EXperiments



Experiments

e Evaluated on five different books Primeros Libros
e Years 1553 to 1600

e Dittering fonts, language proportions, clarity
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Unknown Fonts

Gante (1553)

Anunciacion (1565)

Sahagun (1583)

Rincon (1595)

Bautista (1600)

motlacatilia:ynica facramento £aptils
4] iBicnoneltoquitia ynoios

Yoan oquilhui in Empcradot inglaca
'&ion.v.g.‘tctla-gotlalizdi;amatio, vel,

ftimo, bec fupra didus do&tor Medina.
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Experimental Results

(lower is better. ~90%
characters are correct)

Character
Error Rate

Ocular +code-switch +orth.var.
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A thing we do well

ITierira
Without handling orth. variation: merilita

With handling orth. variation: metlira

Modern form: mentira
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A thing we do wrong

Los verbales en,li,o entli, antepo-
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A thing we do wrong

Los verbalesen,li,o entl, antepo-

-~

Model output: Si £3I1 « Spanish

Gold transcription: 1131 £11 < Nahuatl

Model avoids switching languages, but this is
actually from a description of Nahuatl grammar.
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A thing that's haro

tetechtlamieccaquixtilizeli
tetechtla miec caquixtiliztli

o All letters are correct, but the model adds spaces

 No agreed-upon standards for Nahuatl spacing

ard to evaluate what is “correct”
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Conclusion



Conclusion

* By accounting for multilingual text and
obsolete orthography, we can improve the
state-of-the-art for historical OCR.

e These are common characteristics of texts from
all over the world and from all eras.

* Expansion of OCR abillities means a wider range
of texts may be available for study.
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