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1. Introduction

This paper provides a review about “miwo”,
an Al Kuzushiji recognition application for
Japanese historical documents, which was
presented by Tarin Clanuwat at the 95th
International ARC Seminar held on December 8,
2021 Y. This review is organized as follows: in
Section 2, the outline of Clanuwat’s presentation
will be explained. Some related work will be
introduced in Section 3 by the reviewer. A
summary will be given in Section 4.

2. Outline of the presentation

After the brief introduction, Clanuwat
mentioned how important is to read old cursive
writing (i.e., Kuzushiji) in a classical Japanese
illustrated book for understanding the historical
events. She took a use case by referencing to
[ Enkouan Zuikan ZueJ 2 written by Kouriki
Tanenobu (1756~1831), which is a pictorial diary
about what happened around Nagoya during the
Meiwa 4t year to Anei 7th year (1767-1778).
Clanuwat argued that if we read cursive writing
in [Enkouan Zuikan Zuel properly, it could be
evidence that Red Aurora might have been seen
at night in Nagoya on 28 July, 1778. Further, in
order to emphasize the importance of having a
computerized Kuzushiji recognition system, she
mentioned:

Japan had been using Kuzushiji for over a
thousand years. There are over a billion
Kuzushiji documents preserved in Japan.
People who can read Kuzushiji fluently is
just 0.01% of the whole Japanese population.
This is why we need help from machines ?.
Therefore, it is crucial to have an artificial
intelligence (AI) system to recognize Kuzushiji.

2—-1. Challenges in Kuzushiji recognition

The problems of recognizing Kuzushiji
using Al were defined as follows:

1) Kuzushiji is written in a cursive style,
and in many cases, characters are connected or
overlap each other.

ii) Many characters of classical Hiragana or
Hentaigana were written in various different
ways in Kuzushiji, while these had been
standardized to be written as a single way in
modern Japanese. Thus, many rules in Kuzushiji
don’t exist in modern Japanese anymore.

iii) There is a high level of ambiguity and
similarity between characters. The same
character in Kuzushiji can be transcribed into
different characters in modern Japanese.
Moreover, a few characters in Kuzushiji look very
similar and it is hard to recognize without
considering the character in context.

iv) The layout of Kuzushiji characters is
quite hard and there are various layouts, which
do not follow a single simple rule or text sequence.

v) A large fraction of the characters, e.g.,
many Kanji characters with very specific
meanings may have only appeared once or twice.

2-2. “miwo”, an Al Kuzushiji recognition application
At the 95th International ARC Seminar,
Clanuwat introduced a mobile application
“miwo”, which is capable of transcribing
Kuzushiji to modern Japanese. “miwo” was
released on 31 August, 2021. As of December 8,
2021, “miwo” has over 33,000 downloads and
transcribed 200,000 images in three months . It 1)
recognizes Kuzushiji automatically, 2) displays
bounding boxes around the recognized characters,
3) allows to edit the recognition results, and 4)
outputs the results as text when a user uploads
an image that contains Japanese cursive text.
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2-3. Underlying technologies behind “miwo”

“miwo” uses a Kuzushiji recognition model
KuroNet .9 which recognizes an entire page of
text as an image. The KuroNet is an end-to-end
model that uses the residual U-Net architecture
7 with additional regulations. It was trained
using character locations instead of character
sequences. The KuroNet captures both long-
range and local dependencies without pre-
processing. The KuroNet performs character
segmentation and recognition at the same time
by utilizing object detection algorithms. By using
the KuroNet model, “miwo” is able to process an
entire scanned image of a page in approximately
1.2 seconds with the average F1 score of 0.902.

2-4. Utilized dataset

The Kuzushiji recognition model (the
KuroNet) of “miwo” was trained using pre-
modern Japanese books’ Kuzushiji dataset G.e.,
The Kuzushiji dataset), which was updated and
released in November 2019 ®. The Kuzushiji
dataset was created by the National Institute of
Japanese Literature (NIJL) and is curated by the
ROIS-DS Center for Open Data in the
Humanities (CODH). The Kuzushiji dataset
contains 1,086,326 characters extracted from
6,151 pages of the 44 classical Japanese books
published in the dataset of pre-modern Japanese
text. There are 4,328 distinct characters
(character types) in the Kuzushiji dataset 9. The
dataset of pre-modern Japanese text contains not
only Kuzushiji data but also scanned images,
bibliographic data as well as some full-text and
tagged proper nouns of unlabeled 3,126 classical
Japanese books owned by the NIJL and other
related organizations 10,

2-5. Lessons learned and feedbacks from “miwo”
shared her
developing a real-world application as follows:

Clanuwat thoughts in
Although there are several decent models, the
highest accuracy model may not be the best for
production, since a trade-off between recognition
time, computing power and accuracy is crucial.
High quality data prepared by domain experts is
very important. “miwo” needs a lot of
improvements, because the KuroNet achieved
95% accuracy on the Kuzushiji dataset only,
which is a small portion of the Kuzushiji
documents in the real-world. Moreover, the

KuroNet needs more trials in vast data of
different periods such as handwritten documents
and letters, as the accuracy drops notably in
recognizing documents other than printed books
of the Edo period (1603-1868). Regarding user
expectations, either having too high expectations
such as Al being 100% correct, or having too low
expectations such as Al being unable to recognize
anything is not good. If we rely on Al entirely, no
matter how advanced the AI models are, in the
end if we humans can’t comprehend the Al
outputs, it is still not trustworthy. Clanuwat also
mentioned that they received many feedbacks
from users, including a suggestion to use “miwo”
in a classical Japanese literature class.

3. Related work

In recent years, many efforts have been
devoted to Kuzushiji research using computers.
Many approaches are proposed and some of them
are already in use. Prior to deployment of Al in
Kuzushiji research, Historiographical Institute
of the University of Tokyo released Kuzushiji
Digital Database 1V, and Nara National Research
Institute for Cultural Properties (a.k.a.
NABUNKEN) also released Mokkanko - Wooden
Tablet Database 2. Both databases are now
merged to the Multi-database Search System for
Historical Chinese Characters !?, and searchable
along with NIJL's Kuzushiji dataset. Moreover,
NABUNKEN and Historiographical Institute of
the University of Tokyo jointly developed
“MOJIZ0O” 19, an image similarity search service
of Kuzushiji or wooden tablets (mokkan). Kengo
Terazawa and Toshio Kawashima developed an
online spotting system named “Document and
image search system” 19 to retrieve the similar
instances of text region from scanned images for
a given query image, and applied it to pre-
modern documents 1® that might have written in
Kuzushiji. Moreover, “KulLA”, a Kuzushiji
learning application has been developed for
assisting users to read historical materials of pre-
Edo period, written in Kuzushiji !?. In order to
transcribe Kuzushiji, KuLA is linked to the
“Minna de Honkoku” 8, which is capable of
annotating the historical materials through
crowdsourcing.

In 2019, Toppan Printing Co., Ltd.
publicized a Kuzushiji recognition service and
Application Programming Interface (API) named



Fuminoha 19, that has been developed since 2015
as collaborative research with the NIJL by
utilizing funding supports of the “Project to Build
an International Collaborative Research
Network for Pre-modern Japanese Texts (NIJL-
NW project)” 2020, The Kuzushiji recognition
models KuroNet and KogumaNet 22 along with
API were also launched online by the CODH in
2019. In overall, many machine learning models
were developed for recognizing Kuzushiji 29.
These Kuzushiji recognition models are widely
used in many applications. For instance, “miwo”
utilizes KuroNet, and “Minna de Honkoku” uses
Fuminoha and KogumalNet selectively to
recognize Kuzushiji automatically by AI 24,
“Kuzushiji decoding support and transcription
guidance system” 25 of the Art Research Center
(ARC), Ritsumeikan University also utilizes
Fuminoha for obtaining AI suggestions to
transcribe obfuscated characters 20. ARC’s
“Kuzushiji decoding support and transcription
guidance system” also utilizes the results of the
similar characters of “Document and image
search system” along with Fuminoha. Using
ARC’s system, even beginners can transcribe
Japanese historical documents with the supports
of experts as well as getting hints from Al
consecutively. It allows to accumulate 1)
unreadable character images for asking experts’
supports, and 2) correctly annotated characters
for utilizing further improvements of Al models.
It is an effective learning system that can be used
in university classes or learning courses. Online
self-study is possible, though it would be effective
for group learning under the guidance of experts
and teachers. ARC’s system is already in an
educational practice at the Ritsumeikan
University 27.

4, Summary

This review discussed a mobile application
“miwo” as an example of recognizing Kuzushiji in
Japanese historical documents. Nowadays, there
are several real-word web or mobile applications
to recognize Kuzushiji. Obviously, Al-driven
approaches are becoming dominant. However, at
this stage, human experts’ assistance is still
essential as the Al results and predictions are not
perfect yet. Thus, having an interactive learning
system, that is capable of receiving experts’
assistance and guidance is viable to avoid the
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100% reliance on Al.
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