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Abstract

Machine learning starts with machine teaching: in the following paper, we present the data that we have
gathered and created to train reliable OCR models for 17th c. French prints, and preliminary results based
on these training data and experiments to improve them.
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I INTRODUCTION

The reliability of OCR models depends on both the quantity and the quality of training data. So,
on the one hand, quantity needs to be produced and made freely available to other scholars. On
the other hand, quality needs to be properly defined, since philological traditions vary from one
place to another [Duval, 2018], but also from one period to another [Gabay, 2014, Duval, 2015].

Following the example of GT4HistOCR [Springmann et al., 2018], which mainly focuses on
German (and marginally Latin [Springmann et al., 2016]), we have designed a corpus of Ground
Truth (GT) made of c. 30,000 lines taken from 37 French prints of the 17th c. (tab. 6), following
strict philological guidelines. Based on these data, we offer robust state-of-the art models for
two open source OCR engines, both available to users via simple interfaces: Kraken [Kiessling,
2019)/eScriptorium [Kiessling et al., 2019] and Calamari [Wick et al., 2018]/OCR4all [Reul
et al., 2019].

I CORPUS BUILDING

Creating training data implies the gathering of various sources, which can be selected in many
ways, from piling up data from different projects to the scrupulous association of complementary
sources. Since the apparition of corpus pragmatics, linguists have been working on how to
associate data to obtain representativeness, i.e. "the extent to which a sample includes the full
range of variability in a population" [Biber, 1993], but such a notion is now more and more
debated [Raineri and Debras, 2019].

Following the example of corpus linguists using extralinguistic criteria (sociological, demo-
graphic. .. ) [Crowdy, 1993], we have decided to select samples mostly according to extrapaleo-
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graphical criteria. Two main categories have been used: bibliographical (printing date and place,
literary genre, author) and computational (size and resolution of the images) information.

Regarding dates, prints are diachronically distributed over the century, with a special attention
for books printed between 1620 and 1700 (tab. 1) because it is our period of interest. Regarding
genre, the result can be seen as a two-tier corpus (tab. 2), with a primary one consisting of
literary texts (drama, poetry, novels. . . ) and a secondary one made of scientific works (medicine,
mechanics, physics. .. ). If the vast majority has been printed in Paris, we have also included
books coming from Belgium (Brussels) and Holland (Leiden), which were major production
centres at the time.

Table 1 — Distribution of the prints Table 2 — Distribution of the prints
in the training corpus per decade in the training corpus per genre
Decade Total Genre Total
00’s 1 Drama 17
10’s 1 Poetry 4
20’s 3 Novel 3
30’s 5 Letter 2
40’s 5 Philosophy 2
50’s 3 Physics 2
60’s 5 Sermon 1
70’s 4 Theology 1
80’s 5 Travel 1
90’s 5 Maxims 1
Medicine 1
Memoirs 1
Mechanics 1

As we can see, the corpus is not balanced, since not only literary texts, but also plays are clearly
over-represented. Such a choice has been made for two reasons. On the one hand, dramatic
texts are versified, which means that they tend to be printed in italics at the beginning of the
17thc. [Speyer, 2019]. On the other hand, they traditionally use capital letters to indicate the
name of the speaker, which is an easy way to increase the amount of such rarer glyphs (fig. 1 and
tab. 3). Such a strategy should help us deal with highly complex layouts (fig. 2).

CIRYVS. Lower  Upper Total
Nadame, auec excez. voftre bonté me flatte, Dramatic ~ 396,984 43295 440,279
texts 90.17%  9.83%
PANTHEE. Non-dramatic 297,527 12,544 310,071
Figure 1 — Tristan L’Hermite, Panthée, 1639 Texts 95.96%  4.04%

Table 3 — Percentage of uppercase letters
in dramatic texts vs. non-dramatic texts
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.1 Oraifon. Funéb ‘
SEiNh o Len e Rue | 1B E R ENT LA
DE FRANCE ET DE NAVARRE. TRACEDIE

JE n'ay pas befoin de vous dire que || wusssmesisisin s v
c’eft Dieu qui donne les grandes naiflan- ACTE PREMIER.
ces, les grands mariages, les enfans, la

pofterité. Cleft luy qui dit 3 Abraham: SCENE PREMIERE. .

Gen. 17. 6. Les Ross [ortiront de vous, & qui fait dire ANTIOCHUS, ARSACE.
2. Reg.7. 2, par fon Prophete a David: Le Seignenr *idi
;’?7- 17.24: ous fera une maifon. Dien qui dun [éul 0 s
° bomme a woulu former tout le genre hu-|| AP**sToNs uamomens. Lapompe deced
(a) Bossuet, Oraison, 1683 (b) Racine, Oeuvres, 1676

Figure 2 — Mixing fonts, heights, weight, layouts in prints

Regarding the resolution, images used can be divided into three classes: 72 (20 prints), 400 (14
prints) and 600 dpi (1 print) (fig. 3). Indeed, many scans available online are in low resolutions,
which introduces significant changes in the shape of letters (fig. 4) that our model needs to handle
properly.

pas la feule faueur qui met

(a) Balzac, Lettres, 1624, 72 dpi

ures auec l'eau du petit tuvau qui
i Fad P > y |-q .

Vad Fay

(b) Pascal, Equilibre, 1663, 400 dpi

de verre .ou autre maticre , dans

(c) Papin, Maniere, 1682, 600 dpi (a) 72 dpi (b) 400 dpi

Figure 3 — Examples of GT with

Figure 4 — Impact of the resolution on
different resolutions

the letter e

III' TRANSCRIPTION RULES

Transcription is a very delicate matter: more than copying, transcribing has to be understood as
an act of translation [Robinson and Solopova, 1993] and, as the saying goes, traduttore, traditore.
Following Robinson and Solopova, there are four different levels of transcription, rearranged into
two categories by D. Stutzmann [Stutzmann, 2011]:
» Graphetic (or allographetic) transcription
— Graphic: every information (space, layout, letters. . . ) in the manuscript is preserved.
— Graphetic: every distinct letter-type is distinguished (e.g. two glyphs <s> and «> for
one single grapheme s).
* Graphemic transcription
— Graphemic: manuscript spelling is preserved (estoit and not était).
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— Regularized: all manuscript spellings are regularized to a particular norm (in our
case, contemporary French).
Our transcription guidelines have been the following: encode as much information as possible,
as long as it is available in unicode [Consortium, 2019]. The result is therefore a mix between
graphetic and graphemic transcription.

{fon interprete & Protecole en fes Ef-
cripts; ( s'iln'eft A mefme celuy de So-
crates, {on plus dium Precepteur) leur

Figure 5 — Excerpt of Marie de Gournay, Egalité, 1622

In practice (fig. 5), it means that we do not dissimilate «u>/<v> (diuin) or <i>/<j>, we do not normalise
accents (interprete and not interprete), we keep historical, diactritical (Efcripts and not Ecrits) or
calligraphic letters (celuy and not celui). We keep the long s (mefime and not mesme), but most of
the other allographetic variations are not encoded (cf. fig 6).

&t Ei oy Mars eV ats

Figure 6 — Examples of ignored allographetic variants, Rotrou, Alphrede, 1639

One exception has been made to our unicode rule: aesthetic ligatures that still exist in French
(<> vs <oe>) have been encoded, but not those that have disappeared despite their existence in
unicode (e.g. «ft>). For the latter, a subsidiary model, using both unicode and MUFI [Haugen,
2015] and based on a limited amount of data, has been trained for testing purposes — excluding,
for compatibility reasons, non-MUFI and non-unicode ligatures (fig. 7 and tab. 4).

Ligature Description Unicode Mufi
® Latin Small Ligature O E U+0153 -
st Latin Small Ligature S T U+FB06 -
{t Latin Small Ligature Long ST U+FBO05 -
ct Latin Small Ligature C T - EECS
sp Latin Small Ligature S P - -
is Latin Small Ligature I S - -

Table 4 — Ligatures

Journal of Data Mining and Digital Humanities 4 http://jdmdh.episciences.org
ISSN 2416-5999, an open-access journal


http://jdmdh.episciences.org

pus U'esprit

(a) <is> (b) sp>

Figure 7 — Examples of ignored ligatures, Rotrou, Alphréde, 1639

IV EXPERIMENTS

A general model has been trained on the entire set (tab. 6). Our basic setup is the following:
black and white binarisation, NFD unicode normalization, 80% of the data for training, 10% to
guide the training. 10% of each print has been reserved for in-domain testing, and additional (yet
limited) GT has been produced for out-of-domain testing with small samples of 16th c (tab. 7),
18th (tab. 8) and 19th c. (tab. 9) prints to test the generality of our model — only with roman or
italic typefaces, and no gothic (tab. 8(a)) or other special fonts such as civilité ones (tab. 8(b)).

;f otlﬁgursrfanf,fouﬂqmp Bﬂﬂlafb%am atforves e Lene Sotninafiony fowtés Lee fotf{g

fant a Bn°cGafcun, fouftours fe guabes
fant foufiouss diffimuldt fon disi (cae

ﬂ’i»']ut'_t{j, a'cu(naig&f, &t &cﬁ:fai[iz@
?'t;,-' f..- feuneni t}ms{jil‘.c_ﬁ. :S’cfc’ a fniw_ fl’“u{?

(a) Rabelais, Garguantua, 1535, gothic typeface

(b) Trissino, Sophonisba, 1559, civilité typeface

Figure 8 — Non-selected typfaces

As previously mentioned, two open-source OCR engines have been used, Kraken [Kiessling,
2019] and Calamari [Wick et al., 2018]. On top of training a model using the default setup
regarding the network structure, training parameters. . ., several modifications, have been tested
to maximize the final scores.

With Kraken, we try to double the filter size of each convolutional layer, respectively from 32 to
64 and from 64 to 128, to handle the heterogeneity of the training data. We have also tested data

augmentation by creating artificial GT with the following fonts:

IM FELL English SC

IM FELL English

IM FELL Great Primer
IM FELL Double Pica
IM FELL Double Pica SC
IM FELL DW Pica

1592 GLC Garamond
1689GLCGaramondWO00SC-Norm
Garamond

EB Garamond

EB Garamond 12 All SC
1689 Almanach

Fournier MT Std

Bodoni 72 Oldstyle
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Didot

Chapbook
DTLElzevirS

DTL Elzevir

P22 Operina Romano
Hultog

JSL Ancient

Old Claude LP Std
Chapbook
1756DutchWO01-Normal
1726RealEspanolaW01-Rg
1776_Independence
Palatino
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With Calamari, we have first tested another type of unicode normalization (NFC). Repeating a
successful protocol [Reul et al., 2018], we have also tried combining pretraining, i.e. building
from existing models (historical non-French Antiqua) instead of starting the training from scratch,
voting, i.e. training five models instead of one and combining their outputs during predictions,
and data augmentation, which appears to be the most successful setup, not only with more than
99% for the in-domain tests, but also similar results for modern prints.

Model Test 16thc. prints 18thc. prints 19thc. prints
KRAKEN
Basic model 97.47% 97.74% 97.78% 94.50%
with enlarged network 97.92% 98.06% 97.78% 94.23%
+ artificial data 96.65% 97.26% 97.74% 95.50%
with enlarged network 97.26% 97.68% 97.84% 94.84%
CALAMARI
Basic model 98.38% 98.19% 97.91% 92.7%
Basic model (NFC) 98.47% 98.14% 98.27% 93.11%
Single voter+PT+DA (NFC) 98.76% 98.49% 96.47% 97.05%
5 voters+PT+DA (NFC) 99.05% 98.68% 98.78% 97.05%

Table 5 — Scores

A small model (1,355 lines for training, cf. tab. 6), trained with Kraken on transcriptions including
Unicode and MUFI (tab. 4) ligatures reached 99.23% of accuracy.

V ANALYSIS

Considering the (deliberately) extreme heterogeneity of our data, such scores are promising.
When looking at the confusion tables (cf. tab. 11, 12, 13) we first realise that a model trained
on 17thc. prints performs reasonably well on texts printed during other centuries. Such results
open the possibility to create a general model for French prints (but not incunabula), whatever
the printing date.

Regarding the errors produced, it is interesting to note that the most important one, by far, regards
the segmentation of words, i.e. the incapacity of the model to predict spaces where they should
be. This could be linked to both the quality of the composition in early modern prints (cf. 9(a):
lemet, qu’il [SPACE] ofe [SPACE)] pretendre) or because of the instability of the graphic system
(cf. 9(b): puis [SPACE] que vs puisque).

lemét, quilofe pretendre, le triphe ; mais puis quece

(a) Scudéry, Ibrahim, 1641 (b) Balzac, Lettres, 1624

Figure 9 — Possible sources of segmentation errors

Another important source of error is linked to the «>, which, ones again, can be linked to
paleographic problems (confusion <«[>/<f>) as well as linguistic ones (confusion «{>/<s>).
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For both problems, simple solutions exist. Regarding segmentation, the problem is comparable
to the medieval one of the scripta continua, for which a solution already exists [Clérice, 2020].
Regarding «>, we could use additional training data drawn from more contemporary prints
(without «>), or just simplify the training by using only <s>.

VI FURTHER WORK

The diachronical efficiency of the model can be improved by adding data for more recent prints:
c.20,000 additional lines will be added, to carry further tests on the creation of a model for
French prints in general, and not only modern prints. Out-of-domain tests sets composed of
non-francophone prints should also be created to test the efficiency of the model on similar prints
in other languages.

While creating the GT, we have corrected the layout of each image. Alto and Page XML will be
used to train a segmenter, the importance of which must not be underestimated since it is on its
result that the OCR is performed.
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DATA

Training data is available online (10.5281/zenodo.3826894): it contains all the GT used to train
models, and it is distributed with a CC-BY-SA licence. Ongoing research on OCR, with additional
data and scripts, is available on Github (https://github.com/e-ditiones/0CR17).
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GT PRED COUNT PERCENT GT PRED COUNT PERCENT

{1} {} 39 4.36% {} {} 33 12.69%
{€} {e} 22 2.46% {’} {} 14 5.38%
{,} {.} 22 2.46% {f} {{} 11 4.23%
{1} {} 21 2.35% {} {1} 11 4.23%
{f} {1} 20 2.23% {é} {e} 5 1.92%
{} {} 19 2.12% {s} {1} 5 1.92%
{i} {} 14 1.56% {,} {} 5 1.92%
{t} {} 13 1.45% {e} {€} 5 1.92%
{’} {} 12 1.34% {.} {} 4 1.54%
{c} {e} 10 1.12% {a} {a} 3 1.15%
Table 10 — Confusion table, in-domain test, 17th c. Table 11 — Confusion table, out-of-domain test,
prints 16th c. prints
GT PRED COUNT PERCENT GT PRED COUNT PERCENT
{1} {} 60 25.75% {} {1} 51 13.18%
{s} {1} 14 6.01% {t} {1} 32 8.27%
{e} {e} 9 3.86% {f} {1} 21 5.43%
{e} {€} 7 3.00% {»} {n} 19 4.91%
{u} {n} 4 1.72% {e} {€é} 18 4.65%
{c} {e} 4 1.72% {e} {e} 13 3.36%
{¢} {€} 4 1.72% {e} {o} 12 3.10%
{f} {{} 4 1.72% {—} {} 11 5.68%
{-} {-} 3 1.29% {c} {e} 8 2.07%
{a} {a} 3 1.29% {»} {} 7 3.62%
Table 12 — Confusion table, out-of-domain test, Table 13 — Confusion table, out-of-domain test,
18thc. prints 19th c. prints
GT PRED COUNT PERCENT
{1} {} 144 16.36%
{f} {{} 36 4.09%
{t} {1} 33 3.75%
}gi ig ;g ;2‘112772 Dataset  caracters hidden errors
{»} {n} 20 2.27% 17thc. 91104 78.55%
{s} {{} 19 2.16% 16thc. 18542 63.08%
{} {1} 18 2.05% 18thc. 16691 51.93%
{’} {} 14 1.59% 19th c. 13103 45.74%
{e} {o} 12 1.36% allOodc. 48336 60.91%
Table 14 — Confusion table, out-of-domain test, Table 15 — Description of train sets

16thc., 18thc., 19thc. prints
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