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Kuzushiji Automatic Recognition: a (brief and recent) Research Timeline (1/2)

Clanuwat et al, 2019, releases
Kuronet for Kuzushiji recognition,
a highly efficient deep learning
architecture trained on the JCB

The National Institute of Japanese
Literature (NIJL) releases the Japanese
Classical Books (JCB) dataset, curated by

the Center for Open Data in the
Humanities (CODH).

2016

2018

Clanuwat et al,, 2018, releases the
KMNIST dataset, a pre-modern

Japanese variant of the MNIST
dataset.

dataset.

T.N. Hung et al,, 2019 introduced
PSNet for Kuzushiji text
segmentation.

The Kuzushiji Kaggle competition
is launched by the CODH.

2019

O

The CODH releases a new cursive

script recognition system, RURI,

which improves on Kuronet and
replaces it.

2022

O
O

2021

Lamb et al,, 2021 tackles
Kuzushiji character ordering
with a deep recurrent sequence
model.
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(550 MU, 1661-1681, Bibliothéque nationale de
France, https://gallica.bnf.fr/ark:/12148/btv1b8304433t

Kuzushiji (¢F°LF): style of cursive
Japanese script used in pre-modern
(before the early 20th century)
written and printed texts.
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Kuzushiji Automatic Recognition: a (brief and recent)
Research Timeline (2/2)

When Kuronet was introduced, Clanuwat et al. (2019) highlighted the
intentional exclusion of furigana (phonetic annotations placed next

to kanji, either in Katakana or Hiragana) due to the absence of labels
for annotation in the JCB dataset.

The authors also stressed the need to differentiate between the
main text and annotations in automatic processing of Kuzushiji
documents.

Clanuwat et al,, 2019, releases
Kuronet for Kuzushiji recognition,
a highly efficient deep learning
architecture trained on the JCB
dataset.

2019
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Iroe shokunin burui, XEE#A , 1784, Edo period, Bibliotheque
nationale de France,
https://gallica.bnf.fr/ark:/12148/btv1b531420548
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Furigana Detection: Another Step Toward a Comprehensive
Kuzushiji Transcription

- To our knowledge, fine-tuning a system like Kuronet on new annotated data to accommodate
furigana extraction is not available to the public.

- Other custom deep learning architectures created for the Kuzushiji Kaggle competition in 2019
necessitate machine learning engineering expertise for customisation.

- Furigana processing presents a dual opportunity:

e Itsintrinsic value as another step toward comprehensive Kuzushiji transcriptions,

e And testing generic systems for Kuzushiji recognition (layout analysis, and automatic text

recognition), as well as creating new shareable datasets for this task.
o YOLO architecture for layout analysis and object detection.

o  Automatic text recognition engine Kraken.




The Ancient Japanese Collections of the French National Library

- The French National Library holds a large collection of
Japanese manuscripts and various documents spanning
throughout the Edo period. A lot of documents already
digitized are available on its digital library, Gallica.

- 293 manuscripts,

- 1096 prints and photographs,

- 72 documents related to performing arts,
- 148 maps.

..And much more documents waiting to be digitized.

The only downside is that a lot of the metadata are often
incomplete.

Japonais 615 (3), Edo period, Bibliotheque nationale de France,
https://gallica.bnf.fr/ark:/12148/btv1b10510296h

&ZW


https://gallica.bnf.fr/html/und/asie/fonds-japonais-anciens?mode=desktop#:~:text=Les%20fonds%20japonais%20anciens%20de,par%20le%20Japon%20en%20France.

I-The Furigana-Kanji dataset: presentation (1/2)

Archival Resource Key (ark)  Title Romanized title Alternative title Author Date Annotated pages
ark:/12148/btv1b8304433t [ES AN Horai san N/A N/A 1661-1681 12
ark:/12148/btv1b8451517r KEERE Taiké shinkenki N/A N/A Edo period 10
ark:/12148/btv1b10506231j N/A N/A Japonais 5610 N/A Edo period 20
ark:/12148/btv1b10510296h N/A N/A Japonais 615 (3) N/A Edo period 13
ark:/12148/btv1b10511050r FESEE I Wt —%E — % /  Sumidagawa rydgan ichi- N/A N/A 1800-1868 2
& fii-| A ran 3 t. / lll. Katsushika
Hokusai
ark:/12148/btv1b10511093r N/A N/A Japonais 632 (2) N/A Edo period 19
ark:/12148/btv1b10512765d N/A Arabia monogatari: kaikan ~ N/A AT IR 1875 20
kyoki
ark:/12148/btv1b10512768r N/A Fukushoku zukai N/A N/A Edo period 29
ark:/12148/btv1b10525770x N/A Hisago gundan gojayon-jo  N/A BNz 1864-1865 19
ark:/12148/btv1b10527650d N/A Kiyomizu tsuya mono- N/A N/A Edo period 14
gatari
ark:/12148/btv1b60002827 Bl S5V ERMES Hojo jiraiki zue N/A b S 1788-1857 19
ark:/12148/btv1b60002879 N/A Této shokei ichiran N/A G AL 1760-1849 10
ark:/12148/btv1b531420548 P PN Iroe shokunin burui N/A K H Bk 1784 14
ark:/12148/btv1b6000280d N/A N/A Hokusai manga / Katsushika &5 ffi L% 1760-1849 25
ark:/12148/btv1b10509001k {8 B AL Denshin kaishu Hokusai ~ N/A G Atk 1825 9
gashiki
ark:/12148/btv1b10523261c EETE %/ UM Shashin kacho zue / Kitao  N/A ke ER 1805 8
I Kosuisai
ark:/12148/btv1b10523259j EEFENYe/AUEAF  Shashin kacho zue / Kitao  N/A e 1805 9
5 Kosuisai
Total: 252

- 15 manuscripts were sampled from the French National Library to constitute a first version of the Furigana-Kanji dataset.
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Iroe shokunin burui, XEE#A , 1784, Edo period, Bibliothéque
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The Furigana-Kanji dataset:

presentation (2/2)

r

[EF55L MU, 1661-1681, Bibliothéque nationale de
, https://gallica.bnf.fr/ark:/12148/btv1b8304433t
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Training YOLO for Furigana Detection in Object Detection Models

‘o

Based on the growing popularity and
efficiency of the YOLO architecture in DH
projects (Clérice, 2023 & Clérice et al,, 2024),
we decided to opt for an object detection
approach for furigana detection.

B =S
3

N

i (ol [t i
YOLO segments an image into zones based

solely on visual features, assigning a label to
each zone. e

Screenshot of the Roboflow annotation online interface.




Effective Annotation Strategies for Furigana detection (1/3)

Sometimes, furigana can easily be matched with their kanji at a glance.

EEEERE/ LEMER JLE EI 1805, Bibliothéque nationale de
France, https://gallica.bnf.fr/ark:/12148/btv1b10523261c
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L &r3EEE RIS sth A3 EE 1788-1857, Bibliothéque nationale de France,
https://gallica.bnf.fr/ark:/12148/btv1b60002827

Hokusai manga / Katsushika, & #ffi Jt.7T, 1760-1849, Bibliotheque

nationale de France, https://gallica.bnf.fr/ark:/12148/btv1b6000280d
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AKRIEFESE , Edo period, Bibliothéque nationale de France,
https://gallica.bnf.fr/ark:/12148/btv1b8451517r

Effective Annotation Strategies for Furigana
detection (3/3)

To evaluate the performance of the YOLO object
detection model for furigana detection, we
employed two layout annotation schemes:

1.  Annotating the main text and
furigana independently, allowing for
differentiation between them. Schema
inspired from Bjerregaard et al,, 2022.

2. Nesting the furigana annotations
within the kanji annotations, enabling
both the distinction between the main
text and furigana and the association
of furigana with its corresponding

kanji. The objective is to detect only s o
kanji annotated with furigana. e e 3




Annotation schema 2

I-Layout Annotation Using the
SegmOnto Controlled Vocabulary

Annotation schema1

MainZone:Character ~

MainZone:Ruby

https://segmonto.github.io/

- The Kanji-Furigana dataset was annotated
following the SegmOnto controlled
vocabulary, designed for describing the
content of books and manuscripts.

- Using a controlled vocabulary ensures that
the dataset follows the FAIR principles.

[F55L U, 1661-1681, Bibliothéque
nationale de France,
https://gallica.bnf.fr/ark:/12148/btv1b83
04433t

JL&EsERES |, tEREE, 1788-1857, Bibliotheque nationale de France,
https://gallica.bnf.fr/ark:/12148/btv1b60002827

&’zub, 12


https://segmonto.github.io/

r

Model Performance for Detecting Unlinked Text
and Furigana (1): Quantitative Analysis

Confusion Matrix Normalized

0.8

MainZone-Character

mAP Precision Recall
92.3% 94.1% 86.8%

Predicted
MainZone-Ruby
'

- 0.4

Very good scores can be achieved with a
relatively small and diverse dataset.

-0.2

background

The model can be visualized and tested online at:

https://app.roboflow.com/jadh2024/furigana-detection-unlinked/visualize/3. : ' i

TO be uploaded on GItHUb at: MainZone-Character MainZ_Ic_Jne~Ruby background
- rue

https:/github.com/HugoSchtr/Kanji-Furigana-Dataset

=0.0
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https://app.roboflow.com/jadh2024/furigana-detection-unlinked/visualize/3
https://github.com/HugoSchtr/Kanji-Furigana-Dataset

r

Model Performance for Detecting Unlinked Text KPIFISEER, Edo Period, Bibliothéque nationale de
and Fu rigana (1) Qualitative Analysis (1/2) France, https:/gallica.bnffr/ark;/12148/btv1b8451517r
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Ground truth | Prediction
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i i [F550 MU, 1661-1681, Bibliothéque nationale de France,
MOdel P_e rformance fOl’ D_eteCtlng U_nllnked TeXt https://gallica.bnf.fr/ark:/12148/btv1b83044 33t
and Furigana (1): Qualitative Analysis (2/2)

Split error (but
that's not very
important as
long as we can
differentiate
between the
main text and
the furigana)

Missing
furigana
instance

Ground truth Prediction

&z'ua,—
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Model Performance for Detecting Linked Kanji and

Furigana (2): Quantitative Analysis

Recall

94.2% 91.9%

mAP Precision
90.9%

Again, very good scores (even better than
the previous experiment) can be
achieved with a relatively small and
diverse dataset.

The model can be visualized and tested online at:

https://app.roboflow.com/jadh2024/annotation-detection/visualize/15.

Uploaded on GitHub:
https://github.com/HugoSchtr/Kanji-Furigana-Dataset

Predicted
MainZone-Ruby
)

Confusion Matrix Normalized

MainZone-Character

background
'

] !
MainZone-Ruby background

True

MainZone-Character

-0.4

-0.2

-0.0



https://app.roboflow.com/jadh2024/annotation-detection/visualize/15
https://github.com/HugoSchtr/Kanji-Furigana-Dataset

Hisago gundan gojayon-jo, k)1l 7%, 1864-1865, Bibliothéque
r nationale de France, https://gallica.bnf.fr/ark:/12148/btv1b10525770x

Model Performance for Detecting Linked Kanji and
Furigana (2): Qualitative Analysis (1/2)

Hallucinated & Missed
kanji furigana
annotated annotations
with
furigana
2%, D POt -
Ground truth Prediction

&ZW
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Ground truth

Model Performance for Detecting Linked Kanji and ftes:
Furigana (2): Qualitative Analysis (2/2) 7

Japonais 632 (2), Edo period, Bibliothéque nationale de France,

/Igallica.bnf.fr/ark:/12148/btv1b10511093r
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Missed
§§ 3 furigana
N annotation,
- but near

| perfect
| detection.

Prediction




Flaws in Object Detection for Linked Kanji and Furigana

- The dataset includes manuscripts and illustrated
manuscripts but lacks highly complex layouts (Clanuwat et
al, 2019).

- The second annotation schema assumes that each kanji
works separately, which is not always the case: it does not
take into account complex linguistic phenomena such as
Jukujikun (F&=F Il ) as object detection models are based on
visual features, not textual features.

- The second annotation schema works well for documents
where kanji and furigana are distinctly separated. However,
when furigana is written cursively across multiple kaniji, it
becomes difficult to determine whether the model splits the
furigana based on subtle annotated visual writing features
or arbitrarily.

) 138 10
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Figures taken from Clanuwat et al, 2019. The layout does not
lay out the text in a clear sequential order and regular columns.




Expanding the Furigana-Kanji dataset

- Sample more documents from the French National Library
to have a more diverse dataset.

- Try toreach out to curators to complete the documents’
metadata.

- Explore and sample documents from other French
heritage institutions

- Expanding the dataset will help determine whether a generic
Furigana detection model can be developed or if
domain-specific factors play a critical role in models’
performance.
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Kraken for Kuzushiji Recognition: Evaluating a Generic
Text Recognition System (1/2)

- Kraken is a generic, language-agnostic and all-in-one text recognition engine.

- It features trainable layout analysis (for text regions and lines) and character
recognition models that support all Unicode scripts.

- Kraken has demonstrated satisfactory results on historical Chinese documents
(18th-20th century) (Brisson et al,, 2023) with challenges similar to Kuzushiji
recognition, such as unbalanced class distributions, which encouraged us to
experiment with it.
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Kraken for Kuzushiji Recognition: Evaluating a Generic
Text Recognition System (2/2)

What Kuzushiji datasets do we have
to experiment with Kraken?

> The KMNIST dataset (Clanuwat et
al,, 2018).

It comprises three subsets:

- Kuzushiji-MNIST: 10 classes of
hiragana characters.

- Kuzushiji-49: 49 different
hiragana characters.

- Kuzushiji-Kaniji: 3832
unbalanced classes of kanji
characters.

Hiragana] Unicode | Samples
H (0) | U+304A[ 7000

Sample Tmages Hiragang Unicode| Samples

l& (ha) [U+306F| 7000

= (k) | U+304D| 7000 E (ma) [U+307E[ 7000

T (su) | U+3059| 7000 ® (ya) [U+3084[ 7000

S (tsu) | U+3064| 7000 TU(re) [U+308C| 7000

73 (na) | U+306A[ 7000 % (wo) |U+3092| 7000

Taken from Clanuwat et al, 2018. The 10 classes of the Kuzushiji-MNIST

ﬁ%tﬂﬁjﬁ%gﬁwé %gz 73601 %MW“*%%g
W ALY Tk K~’% ?kﬂ%%mw % BB 8%
@ﬂfﬁ%%x 15 oA BHRE F A& 1%

A3 )4y 8 = gﬁﬁ%? ERER QRLE {212 [5G
&i%ﬁ%&%ﬁ%éé%mﬁw%%ﬂ%%¥?£%&&m£&

Taken from Clanuwat et al, 2018. Examples of some of the 3832 classes in the Kuzushiji-Kanji
subset.




Evaluating Kraken on the KMNIST Dataset

Train Set Test Set Kraken Accuracy (%)
Kuzushiji-MNIST (train) Kuzushiji-MNIST (test) 90.8
Kuzushiji-49 (train) Kuzushiji-49 (test) 86.5
Kuzushiji-Kanji (train, 80%) Kuzushiji-Kanji (test, 20%) 48.9

- Kraken was trained on the official split for both Kuzushiji-MNIST and Kuzushiji-49 subsets.
For the Kuzushiji-Kanji subset, we implemented a balanced split to ensure the presence of all
classes in the train and test sets.

- Kraken is optimized for line-based training data, which can explain the relatively low scores
achieved on the Kuzushiji-49 subset, and the mediocre accuracy on the Kuzushiji-Kanji subset.

- We hope to provide a baseline for future evaluations of Kraken on Kuzushiji recognition.




reScriptorium (PSL - SCRIPTA): a GUI for Automatic Text /
Recognition Projects @S

L . e o ooooo
e GUI for transcribing textual documents, <" - 3
creating training sets, training g Lz &3 80 L8z
segmentation and transcription SR TS BN

. . rEA L) 25K
models, exporting dataset in WECEBBRR2ES
standardized formats (XML ALTO), etc. L—; g = 35 [ § z % Eg

@ Sabiokg

e Project management tool o ot Ei
¥ @El 0 AEX

e eScriptorium uses the language-agnostic 5 g% b i E 2 A
transcription engine Kraken (Benjamin ! 5 > i e b i
iessli ORI U U
Kiessling, PSL) IR R

An annotated page of F\#2E (doi:10.20730/200008003) (EI X HEEE D /

= ol

Kokubunken Bibliography ID: 200008003, from the JCB dataset.

&zm—



eScriptorium as an Automatic Text Recognition Infrastructure

- CREMMA (Consortium for the handwritten text
recognition of ancient materials) is an
infrastructure is led by Inria and the Ecole
nationale des chartes (Jean-Mabillon Center). It is
funded by the DIM "Ancient and Heritage
Materials."

> Inria provides an access to an instance of
eScriptorium hosted on a powerful server (GPUs &
storage).

- In exchange, users engage themselves to make
their training data open and to publish their
metadata on the HTR-United catalog.

ot

Can access
other
datasets

through
/ Have access to

Publish
datasets’
metadata on

‘ Is hosted on




Incorporating Furigana Detection in Kuzushiji Documents Digital Editions

Automatic Text
Recognition with
Kraken

Semi-automatic
transformation into TEI
based on text zones
coordinates and
transcribed text

|

XML ALTO
export

m TEI

Jt&mriERRES |, EREE, 1788-1857, Bibliotheque
nationale de France,
https://gallica.bnf.fr/ark:/12148/btv1b60002827

|

ALTO XML ensures the creation
of standardized interoperable
datasets by being easily
shareable, and acts as a pivot
format to convert layout analysis
and recognition results into TEI




rTraining Kraken with the JCB dataset (1/2)

- The JCB dataset is also a significant

resource to further our experiment with o S aeEet
a e S L & C
Kraken. B Lo s 82285
cE il s Elm
L& = ;
. . Vi~ c B Eiy D =
- Some work is required to convert the LETEFRB SRS
: EREE A S
JCB dataset into a format usable for m Fodl 257
.. - ) ; = 2
training Kraken (ALTO XML), as it is - % % nIRER
L x \ 2
currently redistributed as CSV files. But 5 2c b e T
. = h\ d /N
doing so would allow to have an ALTO P oy EEEca R
. e st
XML line-level annotated dataset for TR

traini ng I'I ne d etection an d KUZUSh IJ I An annotated page of FNFIRE (doi:10.20730/200008003) (E X HFZ:E ID / Kokubunken
recogn ition Kra ken m Od e ls_ Bibliography ID: 200008003, from the JCB dataset.
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rTraining Kraken with the JCB dataset (2/2)

However, Clanuwat et al. (2019) already SO cconaem . T - aEaeEs
highlighted that line-based recognition g Lz bl LB
. @) >
models are not ideal for Kuzushiji S EREPL LBy
documents, as these texts often lack a DL TEFRE RS
. . . oy — ¥ 7
consistent layout, which complicates SRR L2
. . _ - S L =
line ordering and recognition. > ot hEg
X f@iky ¥ AseX
= piptEEA
. . . N = \ ™~ #t D
Experiments with Kraken'’s new line ) 2r T EY
. = HopEh gyt
ordering model need to be conducted. no o #EOLUGC
By sz &R /5

An annotated page of FX2FIZE (doi:10.20730/200008003) (B X HFE:EID /
Kokubunken Bibliography ID: 200008003, from the JCB dataset.
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Conclusion

- Detecting furigana is easily achievable with today's object detection technology, even
with relatively little amounts of annotated diverse data.

- The questions are: what is the most efficient layout annotation schema for furigana
processing in the context of archiving and editing Kuzushiji documents? How can we
incorporate furigana processing in edition pipelines?

- Furigana detection experiments also pave the way to broader experiments on Kuzushiji
documents layout analysis.

- Work still need to be done on Kraken for Kuzushiji recognition, but Kraken and
eScriptorium offers an opportunity to create an infrastructure for creating and sharing
new Kuzushiji FAIR datasets to the wider research community.




Thank you! All questions and feedback are welcomed!

EREHERE /LEARR , LR By, 1805, Bibliotheque nationale de
France, https://gallica.bnf.fr/ark:/12148/btv1b10523261c
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Bonus: check the quality of your data when training models!

Furigana object detection model - 2nd annotation schema

mAP Precision ® Recall ® mAP ® Precision ® Recall ®
| 69.2% l 77.0% 68.1% ) 94.2% 91.9% 90.9%

“Dirty”, not proofread, version of the dataset Same dataset, but clean




