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Self introduction

https.//researchmap.jp/kitamoto/

e Name: Asanobu KITAMOTO
» Professor, National Institute of Informatics
e Director, ROIS-DS Center for Open Data in the

i 4 Humanities (since 2016)
e Expertise: informatics and computer science
,., *  Research topics: digital humanities, data-
T ERERRREEEE R driven science for earth science and disaster
@kitamotoasanobu

reduction, and open science.
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ROIS-DS Center Deepen Increase
for Open Data In
the Humanities

(CODH)
http://codh.rois.ac.jp/

Scholar Machine

1. Data-driven Humanities: Open science IS
Innovation in humanities research the key to fill the
using computer science technologies Citizen gap between two

and tools. cultures and solve
2. Humanities Big Data: Innovation world’s problems.
In non-humanities research using

humanities data. Expand

2022/12/15 ACM Multimedia Asia 2022 3
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300,000Pr-modrn
Books (before 1868) are being
digitized and released as open data

from National Institute of Japanese
Literature (NIJL).
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Japanese culture
finally entered
Into the big data
era...




What is Digital Humanities?

1.

2.

Humanities: the culture of human being, such as
philosophy, literature, history, religion, linguistics and art.

Traditional humanities research: read paper materials in
the physical library, use analogue tools, and work solo.

Digital Humanities: humanities research enabled or
augmented by digital technology.

(Transformative) Digital Humanities: transform the style of
research by taking advantage of digital technology.



Textual and Non-textual Digital Humanities

Images Photographs Maps Characters
xSt . e, ¥ ! ' —

1. Interpretation of text (reading) has been a popular method.

2. Non-textual data, such as visual, spatial, and structured data,
are increasing values with novel “reading” methods.
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Al Kuzushiji Recognition

Collaborator: Tarin Clanuwat (Google Brain, formerly CODH)

2022/12/15 ACM Multimedia Asia 2022



Japanese Knowledge over 1000 Years

How to wear makeup ~ How to fold 100 cranes using  How to build automata
one piece of paper

2022/12/15 ACM Multimedia Asia 2022 8



Massive Documents vs. Few Readers
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Kuzushiji Dataset
http://codh.rois.ac.jp/char-shape/

A TS (1890)

1. National Institute of Japanese
Y D Literature created and CODH curated.
Lo s = D The open data consists of
- el o Character types: 4,328
e Character shapes: 1,086,326
3. Download the Zip file and use it as
; training data for machine learning.
X 4. The release of dataset stimulated
I7pr  research on Al kuzushiji recognition,

2022/12/15 ACM Multimedia Asia 2022 10


http://codh.rois.ac.jp/char-shape/

Format of the Kuzushiji Dataset

jUnkode

U+842C
U+58B86
U+65ES
U+7528

_ U+60E3
|U+83DC

U+4FCE
U+4E0D
U+6642

‘U+73CD
|U+5BA2

U+5373
U+SE2D
U+SE96
U+4ED1
U+5408

CSV Format: Unicode code point and XYWH

-Image

200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002
200021853-00002

2022/12/15

634
645
665
650

640
638
468
477
462
466
472
465
469
480

244
424
611
727
883
1048
1249
260
383
545
692
851
985
1149
1288

‘Width

127
123

65

97
121
120
136
127
124
151
136
124
132
133
121

Unicode, X, y, w, h
U+3029, 512, 418, 56, 47

Height
163
156

87
123
140
164
124
108
145
129
141
124
145
131
100

Coordinates of the bounding box of characters

ACM Multimedia Asia 2022 11



Traditional OCR

Layout j‘> Character
Image : :
analysis segmentation

j‘> Character
recognition
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Complex Layout due to Handwriting and
Woodblock Printing
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z# 1. Handwriting, especially

letters, songs and
annotations, uses
complex layout patterns.

. Woodblock printing
allows a creative layout.

Movable type printing
had been minor before

the late 19t century.
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Computer Vision-based Object Detection

1. Object detectionis a
vibrant research area
with industrial value
such as autonomous
driving.

2. Can we apply this
technology for
kuzushiji? A simple
Idea, but it was not
possible before.

2022/12/15 ACM Multimedia Asia 2022 14




Object Detection-based OCR
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KuroNet: Kuzushij
recognition using deep
learning.

About one second for
one image.

Accuracy Is 95% for
"books with the best
condition.
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Layout First? By 15 ;"’”””ﬂf @l

Traditional OCR:

KuroNet:

1. layout analysis
2. character recognition

1. character recognition
2. layout analysis

1. Layout analysis is not hard for humans,
as long as characters are recognized.

2. Layout analysis is hard for machines
necause woodblock printing allows free
ayout without alignment on lines.

3. In KuroNet, character recognition is not
affected by the failure of layout analysis.

2022/12/15 ACM Multimedia Asia 2022



kaggle Kuzushiji Recognition

http://codh.rois.ac.jp/competition/kaggle/

i@l Playground Prediction Competition

Kuzushiji Recognition

$15,000

Prize Money

Opening the door to a thousand years of Japanese culture

ROIS-DS Center for Open Data in the Humanities - 293 teams - b days ago

Kaggle is the largest Al
competition platform.

Our competition was the first
In the humanities domain.

 Period: July 19 to October 14, 2019
e Teams: 293

e Members: 338

e Submissions: 2652

2022/12/15 ACM Multimedia Asia 2022 19
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kaggle Competition Result

. 1. All winners have

e developed good machine
e ; e learning models without
- ; reading kuzushiji.

pooe o« 2,70 design a competition

Ollie, Nanashi, and Tom 0.910 35

with a clean dataset and
— - a meaningful metric,

Zenkei R&D

Kirill Brodt (shad nsk) 0.901 4

o collaboration with
om0 domain experts is a must.
2022/12/15 ACM Multimedia Asia 2022 20



Miwo: App for Al Kuzushiji Recognition

http://codh.rois.ac.jp/miwo/

The name comes from the 14t chapter of The Tale of Genji
“miwotsukushi,” referring to waterway signs. Just as the
miwotsukushi is a guide for boats in the sea, we aim to

make our "miwo" app as a guide for traveling the ocean of
historical documents.

I Released on August 2021 for i0S and Android for free
,0 I The app has been downloaded 100,000+ times, and has
\/ recognized more than ONE million images

20225 K2R 1 The daily usage is about 3,000 images.

2022/12/15 ACM Multimedia Asia 2022 21


http://codh.rois.ac.jp/miwo/

mIwo app

prototype

version at the
KeMCo

Museum (April = |

2021)

22
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Show a recognition resultin ~ Show a recognition result Modify the error with Generate the text output
characters with bounding boxes reference to root characters.  from the recognition result
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Text Processing Workflow

Translated Text
(Modern
language)

Original Text Transcribed Text Revised Text

(Pixel) (Character) (Readable)

| %a»};l Transcribe a Add Translate old
ik " Unicode code punctuations text (hard to
Tla point of each and line breaks, read) into
4 character with unify characters modern text

A Do | A S A
.._,-.-{ ) m"
"'r..' - i : o

E3 coordinates or and fix some (easy to read),
positions in the errors as Or across
sequence reference text languages

s o o e s T aurR vy
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Indexing different versions for full-text search
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Machines are Better than Humans?

SEneral tasks 1. Typical benchmarking = Al

(e.g. simple image tagging) im can surpass the
100

performance of human?
0

2. Comparison Is uncertain
when the variance of human
performance is large.

. Benchmarks can measure
Citizen only a fraction of human
‘ performance.

Specialized tasks
(e.g. kuzushiji recognition)

2022/12/15 ACM Multimedia Asia 2022 25



80-20 Rule and Bullshit Jobs

100%

1. Alis atechnology for leveraging
productivity.

2. Al can finish 80% of the work for
only 20% time (4x faster).

3. Then humans do 20% for 80%
time (1/16 slower).

4. Al takes a juicy part, and
humans fix hard problems.

5. Al transforms the task into a
painful one (bullshit jobs).

20%
40%
60%
80%
100%

Input

2022/12/15 ACM Multimedia Asia 2022 26



Impact on the Humanities Research

1. We showed that Al models for kuzushiji recognition are
now reality and actually help humans to transcribe fast.

2. We democratized the Al model as a mobile app so that
everyone can use the model at any time from everywhere.

3. Tsukushi project: Results of Al kuzushiji recognition will be
fed into a full-text search engine.

4. A full-text search engine will accelerate the information
seeking process and transform the humanities research.

2022/12/15 ACM Multimedia Asia 2022 27



Bukan Complete Collection

Collaborator: Kumiko Fujizane (National Institute of Japanese
Literature)

2022/12/15 ACM Multimedia Asia 2022
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What is Bukan Pe

. Bukan is a “data book” of Daimyo and
personnel in the Edo Bakufu compiled
In a structured format.

. Published for 200+ years before 1867,
until the end of the Edo Period.

. Long-seller books with practical usage.
. The frequency of updates had increased

Kansei Bukan (1789), Dataset of "
premodern Japanese Text (NIIL) to a few times a month at the peak.

http://codh.rois.ac.jp/pmjt/book/200018823/

Reference: Kumiko Fujizane, 2008

2022/12/15 ACM Multimedia Asia 2022 29
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Diachronic Transcription using Difference

Question: how can
we transcribe
books over 200+

years? '

Solution: detect
and transcribe the
difference to create
diachronic data.

2022/12/15 ACM Multimedia Asia 2022 30




Text-based and Image-Based Collation

Text-based Collation = Many tools are available

Transcription Transcription
OCR OCR

D EEE—

Image-based Collation = No standard tools
Mainstream is “side-by-side comparison” by visual inspection

2022/12/15 ACM Multimedia Asia 2022 31



Image Collation for Differential Reading

http://codh.rois.ac.jp/differential-reading/

1. AlJavaScript-based tool
“vdiff.Js” for comparing images.

2. Anyone can upload two images
(or specify URLs).

3. The system can automatically
match two images and
emphasize the difference.

4. When the system fails, you can

Genji Hyakunin Isshu Comparison, manua”y improve the matChing-
University of Tokyo Library.

2022/12/15 ACM Multimedia Asia 2022 32
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Differential Reading

1. For humans: visual comparison requires an effort
comparable to playing games.

2. For machines: visual comparison Is an easy game using a
computer vision-based image matching algorithm.

3. Let’s turn a difficult task (reading difference) into an easy
one with the help of machines.

4. Differential reading: A new mode of reading books
focusing on difference between editions (versions).

2022/12/15 ACM Multimedia Asia 2022
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Large-Scale Book Collation

1:CBEAD 9 % A:35214
2:ABECD \?:" @ B:52143
3:DCBAE .-~ G C:43512
4:ACDBE ﬂ @
5:ABDEC /: ﬁ
1. Page collation: 2. Book collation:
Image matching stable marriage
using keypoints. algorithm based on

page collation.

2022/12/15 ACM Multimedia Asia 2022

3. Woodblock tracking:

The same woodblock 1s
estimated and
connected across books.
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Page Collation — Keypoint Match
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Examples of Image Collation

Collation is not possible due to the
change of woodblocks

Collation for minor changes Collation for large changes

2022/12/15 ACM Multimedia Asia 2022 36



Book Collation — Stable Marriage Algorithm
1:CBEAD , % A:35214

1 1 0 2:ABECD

LS
(5N 52143

2 2 5

3 3 10  3:DCBAE ;

4 4 4

5 > 5 6 4:ACDBE ‘M

6 \ 6 50 -

. . g  SWABDEC (7
AR

mage source: Irasutoya

2022/12/15 ACM Multimedia Asia 2022 37



Page Collation [

WEGHR (83
1791 [200018825)]

WiaiE (Wl
17691 [200018823]

WSy Py

i T S
00010-2 (33 / 250)

1. Read images from two
books for comparison
using vdiff.js

2. You can move forward
or backward within a ) e
book. o o

3. You can move to the 22 e
next or previous book

A Y
000121 JoF 000111 (000111 o] oooio-1

T 2R
EIHEE (7S

1787) [200018822]
CHHEE (CEEs
1788) [200018814]
fili T R L
EaR (RS
e ) 2 ::-f B

A G
fii] - b A
[e]— B A S

AR

by keeping the same s

woodblock

WEAE (WH3-1791) (20001882 WAGUE (WE1TES) (20001882
5 3
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Impact on the Humanities Research

1. Keypoint-based image matching helps humans to easily
compare different versions and detect changes.

2. Differential reading helps humans to collect diachronic
data with higher accuracy and less effort.

3. Comparison of many versions, either in text or in image, IS
the central research challenge in the bibliography study.

4. Machines and humans can collaborate for taking advantage
of their strengths, not their weaknesses.

2022/12/15 ACM Multimedia Asia 2022 40



KaoKore and IlIF Curation
Platform

Collaborator: Chikahiko Suzuki (Gunma Prefectural Women’s University,
Formerly CODH), Jun Homma (FLX Style), Yingtao Tian (Google Brain)

2022/12/15 ACM Multimedia Asia 2022 41



What iS I”F ("triple-l F")? 14th CODH Seminar -
100 Recipes for IlIF
IIE Curation Platform

lIF = International Image _ http://codh.rois.ac.jp/se
nteroperability service 1 minar/icp-recipe-

_ 20210218/
-ramework

IIF

service 2 [HIF viewer

F HIF viewer
service 3 2

000 Web: HTML
III Images: llIF

2022/12/15 ACM Multimedia Asia 2022 42



http://codh.rois.ac.jp/seminar/icp-recipe-20210218/

What 1s Curation?

http://codh.rois.ac.jp/icp/

— ', ¥ .
4= @ | A
4 -'\: [ 'll'-

"Curation" is a word that originally means
activities at museums such as collecting materials
and exhibiting artworks.

B

i il A

1. Collect materials under a | scissors Glue
certain theme.
2. Arrange them in an 2 N
appropriate order (layout). — © = g
_
3. Present or share the )=

result as a new material.

Source: Irasutoya http://www.irasutoya.com/
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http://codh.rois.ac.jp/icp/

- - Developed by CODH
IIF Curation Viewer

http://codh.rois.ac.jp/software/iiif-curation-viewer/

1. m isthe "crop" button -
Selects a rectangular region

B
; 2. isthe "favorite" button -
Collects regions you need

41‘—1 L2 S0 K B
gtf)p:ﬂcudh.miz.ac.jpf iiiffiiif-curation-viewer/?pages=200014778/8-9,24:200011824/4-6
(2)

[EEE=ET B EEEg - o NS EAFRDENS EAho#Ems ©

(3) (4) (5)
Xe=ToUF & |SON 2 0P=

2022/12/15 ACM Multimedia Asia 2022 44


http://codh.rois.ac.jp/software/iiif-curation-viewer/

Collection of Facial Expressions (KaoKore)

http://codh.rois.ac.jp/face/

3 Collection of Facial Expressions L=
Qi
i dMYas
2B77 res Ry:EX
= ‘E: | ‘\' h“. -I-‘\. i LY & — i}
n'_ | ] - )
I. i I" "y I I*l :
" ' i : jr— & ~ A "
« BEC. Sl B Pl Baed. D,
’ ¥ 'I ]
- .t-_r.l Sy T o ﬁ ,:‘J; 3 =l - 2
S . i ‘. = " . |
+ e ¥y ¥ +
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1.

IlIF Curation Viewer for
cropping and collecting
a part of images.

IlIF Curation Finder for
searching the collection
by metadata.

IlIF Curation Board for

analyzing the collection
for art history research

(digital humanities).

45
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Comparison of Faces by Metadata

http://codh.rois.ac.jp/software/iiif-curation-finder/

Men

iiif.lib.keio.ac.jp rmda.kulib.kyoto-u.ac.jp rmda.kulib.kyoto-u.ac.jp

+ + +
rmda.kulib.kyoto-u.ac.jp rmda.kulib.kyoto-u.ac.jp rmda.kulib.kyoto-u.ac.jp

- 4+ +
rmda.kulib.kyoto-u.ac.jp

codh.rois.ac.jp codh.rois.ac.jp codh.rois.ac.jp

rmda.kulib.kyoto-u.ac.jp codh.rois.ac.jp

2022/12/15 ACM Multimedia Asia 2022
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] "FimEas, o | inF x
‘ P & £ :

(3] MF Curation Board dove || B ERMEEF - 2 English Cath Therine~=

[I1F
Curation E

Board

http://codh.rols.

ac.jp/software/ii
If-curation-

board/
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http://codh.rois.ac.jp/software/iiif-curation-board/

Face Detection by Machine Learning

Alexis Mermet, Asanobu KITAMOTO, Chikahiko
SUZUKI, Akira TAKAGISHI, “Face Detection on
Pre-modern Japanese Artworks using R-CNN
and Image Patching for Semi-Automatic M\
Annotation”, Proceedings of the 2nd Workshop e
on Structuring and Understanding of
Multimedia heritAge Contents (SUMAC20), pp.
23-31, doi:10.1145/3423323.3423412, 2020.

Source: Kaokore
dataset

2022/12/15 ACM Multimedia Asia 2022 48



ML-assisted Annotation

1. Learning from the KaoKore Dataset, about 80% of the faces
were automatically detected.

2. About 70% of the faces were automatically detected when
applied to artworks from different time periods.

3. If two thirds can be detected by machines, the amount of
work by humans is reduced to one thirds.

4. Art historians can analyze more data, and more data leads
to richer evidence and higher reliability of the results.



Ukiyo-e Faces Dataset

http://codh.rois.ac.jp/ukiyo-e/face-dataset/

1. Art Research Center of
Ritsumeikan University
has Ukiyo-e Dataset.

2. ML researcher from

Kunisada (1st gen)
(B 0

Kunisada (2nd gen)

ijjfw‘; '; Lo XA Ta SRS e oy A @l BT 4 R Google Brain found that
BA=RS S— SIS L —r : existing APl can crop the
=y s YT R e
_]uyuhtéﬁ ﬂ ﬁ%:gi;:{ ﬁqr'lrgl ’ ; | faCeS .
i RS S 8 | 3. A new dataset was
released for visual

“ARC Ukiyo-e Faces Dataset" (Created by Yingtao Tian, ROIS-DS CODH,; U klyo-e research.
Collected from ARC , https://doi.org/10.20676/00000394
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http://codh.rois.ac.jp/ukiyo-e/face-dataset/
https://doi.org/10.20676/00000394

Impact on the Humanities Research

1. llIF will be the standard of image delivery from memory
Institutions, such as libraries, museums, and archives.

2. llIF Curation Platform helps domain experts to analyze the
data in a larger scale for reproducible knowledge.

3. Machine learning helps accelerate annotation tasks, but
semantic annotation requires domain knowledge.

4. lIF has emerged in less than 10 years, so the ecosystem
around IlIF still has many opportunities for research.
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Historical Big Data

Collaborator: Chikahiko Suzuki, Mika Ichino (CODH)
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Historical Big Data (HBD)

http://codh.rois.ac.jp/historical-big-data/
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Data Structuring Workflow

2022/12/15

Handwritten Analysis-ready data (quality Entity
characters (published, == == == controlled and curated data)

1

Space

copied, written)

(unstructured data) Entity linking

Digitization t
Tabular data ‘ Linked
Digital image (structured data) data
T 6
‘ ranscription Markup

Plain text ‘ Encoded or annotated text
(unstructured data) (semi-structured data)
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GeolLOD 4 GeolLOD

https://geolod.ex.nii.ac.jp/

1. GeolOD ID is an — Curations are
identifier designed for =~ —a converted to
toponyms. LG R »the gazetteer

format for
GeolLOD.

@

2. Each identifier has
metadata to describe
relevant information.

3. Georeferencing
converts IlIF canvas
coordinate to (lat, Ing)
metadata.

Name: Isobe Shrine
GeolLOD ID: G8AYsq
Lat: 35.676326
Lng: 139.774755

https://geolod.ex.nii.ac.jp/resource/G8AYsq
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edomi — Data Portal for the Historical Edo
http://codh.rois.ac.jp/edomi/

The distribution of geographic features (e.g.
sightseeing spots and commercial stores) in the city
of Edo.
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http://codh.rois.ac.jp/edomi/
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1. Big Data of thePast: ~  ©
create machine-readable e
data of the past using Al A
and simulation. \

2. Developing new critical
reflections on the past and
future.
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Living with Machines

https://livingwithmachines.ac.uk/

LviNg 1. Aresearch project that
WACHINES rethinks the impact of
technology on the lives of
ordinary people during
Rethinking research the Industrial Revolution.

2. Using Al, a vast amount of
digitized materials is
analyzed at scale.

3. Researchers from different
disciplines work together.

illuminate our past
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https://livingwithmachines.ac.uk/

Impact on the Humanities Research

1. Historical big data (or big data of the past) will be the
major topic in digital humanities, along with the launch of
several large scale projects for each area.

2. Data structuring from unstructured data to analysis-ready
data with entity linking Is a big challenge, but machine

learning can
3. Big data has

nelp with some level of automation.

notential to uncover hidden facts of our

culture, history and society of the past, based on a
reconstructed model from fragmented data.

2022/12/15
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Connecting the Dots
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Connecting the Dots

1. Digital humanities is about
reconstructing human’s collective
knowledge from fragmented data.

2. A small discovery is a “dot,” but
connecting them leads to a bigger
picture of our culture.

3. For each connection, we need to
represent various knowledge using
different workflows.
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End-to-End Workflow

20!

Research question Method chain Solution or Answer

From a research question to a solution or an answer, we
design an end-to-end workflow. Scalable technology such as
Al and collective intelligence may accelerate some steps.
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Research Questions and Answers

Questions and answers are different, but tools and datasets may be shared.

Research Questions New Answers and
and Problems in the Solutions in the

Humanities - Humanities
Digital Tools,

Datasets and

_ Platforms
Research Questions New Answers and

and Problems in the Solutions in the
Computer Science Computer Science
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Solution In Search of a Problem

1. Typical claim: | have an algorithm that could potentially
solve hundreds of problems! (but it’s future work)

2. Reality: the problem may be imaginary, or the algorithm is
not so useful to solve any real problems.

3. Indigital humanities, we start from real problems, and
need a workflow to solve it, or get things done.

4. The situation is similar in “digital X” or “X-informatics”,
where we work with domain experts having real problems.



Beyond the Gold Standard
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KaoKore Dataset http //codh rois.ac. ||o/face/dataset/
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We want to work on
unseen data available to
answer research questions.

Bias in dataset sampling
fluctuates the ranking, so
minor improvement on the
metric has little impact.

Focus on what to know,
rather than how to know,
and explore the culture!
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Project Summary

1. Al kuzushiji recognition illustrates how a machine learning
project can be started and developed into the real world.

2. Bukan Complete Collection shows how the idea of
differential reading can reduce the burden of humans.

3. Kaokore demonstrates how interoperability such as IlIF
nlays a critical role in a digital humanities platform.

4. Historical big data explores new possibilities for linking the
nast, present and future.
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