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National Diet Library (NDL)

Opened 1948

Holding approximately
47 million items



About us

Research and Development for Next-Generation Systems Office

This is a relatively new office, established at the NDL in 2011.

We are responsible for the research and development of new library services that use
advanced information technology.

Me |

Office staff
1 office head
2 part-time sta

staff member,
members, 3 part-time researchers, and 1 associate member

We are a very small team, but we are tackling very interesting projects!



Research and Development for Next-Generation Systems Office

@ Action policy

» Improvement of services and operations in response to the digital transformation
 Research and development of technology for utilizing digitized materials to expand search
functionality and streamline the creation of bibliographic data
This contains the OCR-related projects

» Promoting utilization of digital information resources rX‘NDL LOb

Release developed programs and datasets to the public National Diet Library, Japan

_» Providing access to diverse cultural resources
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JAPAN SEARCH

Development and operation of the Japan Search website p
»

» Long-term preservation of digital materials
. Migration and emulation technology survey for electronic publications packaged in media (USB

- _memory, floppy disks, MO, etc.) 5
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Introduction

» Today’s key phrase is “overcoming barriers through technology”.

* There are some barriers to the use of digital archives.

* We are exploring ways in which machine learning and algorithms can
overcome such barriers to make digital archives more usable.

* The three topics | will talk about today are about all publicly available services
on the Internet.

* | hope you will listen to my talk today while using and enjoying these services.



Topic 1: Overcoming the Barrier of Language

Japan Search and Machine Learning Features
Similar image search, Multi-modal search, and Visualization
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2 Japan Search (https://jpsearch.go.jp/)

JAPAN SEARCH

B A platform for metadata of Japanese content
from a wide variety of fields

- publications at libraries

- cultural assets and art works at museums
- documents at archives

- academic resources in fields such as the
humanities and natural history

- broadcast programs and movies

AMYA
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B Our goals: - R
* Enable one-stop discovery £ EEeRsren
* Clarify secondary use conditions S Ee
 Promote distribution of metadata % ioiad | i

— To promote use and innovation of
Japanese content



https://jpsearch.go.jp/
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JAPAN SEARCH
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i The Barrier of Language in Japan Search

[ Cherry Blossoms |

I.r" Y
.\_Ehl:rrjr Blossoms x 0‘_/’

Use Candilion = Conlenls = Typz = Dalabase - Fizle - Tirre = Luozelion = Corlribular - By Imege = +
12,643 his 1 /633 page = 20 - Sonre = Dizplay mo
Cherry blossoms Cherry blossoms Cherry blossoms. r&E 249 L

Blosaoms]
A — 85, DML con FHT, Fin &, Sy FoAESR ., U LA Y BO0T1E, 2007 B Bl 30154, 2015 [LLEELT OS], =
Blue Hisioda 201 7.5, 2017 [HiH-508], IR = .Jp Contents bald=rProsider: Katanal Diet L - =) gl
Mantards heldariCreesder klatismnal st Meevtanta keldariCreeddar kiatismal it ikrar rtmnt e baldsrfProui

Japan Search results

¥ : 180,883 hits

¥E1E : 5,312 hits

Cherry Blossoms : 12,643 hits

This difference represents a limitation due to
the linguistic information in the metadata. g
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< Overcoming the Barrier of Language

JAPAN SEARCH

Similar Image Search

This function allows users to search for similar

QR Code
images based on the shape of objects in the — Ofczes ;;:
image, without using query keywords. el sr:,-":f"' 4 qL

rl ;'ii'... ,;;E_ ¥ ‘; _F
Dkt
This feature uses Al technology that | developed while
participating in an international competition for image search
held by Google Inc, in 2022, in which | placed 14th out of 1,022
teams.
14 .3 blueE20 :) @ 0.EEE siwn “TR“ - R tie LN
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Overcoming the Barrier of Language

Multi-modal search

Using an Al called ViT-CLIP, users can bridge text and image information to search for images

by keyword.

Multilingual search query:
[B(CE>IEEH]
ESEEOEC N
[ A man on horseback]]
[ Homme a cheval

WML Porie 20 Catarbemmemntied oy M e
cnmc'ul ;m aratter b e '|2u7.~<

Lu¥ingaitdad o

TN LLLTA S S A

Nearly identical results regardless of qguery language

Automatic language detection and machine translation enable multilingual search queries.

QR Code
(&) :'f: ¥ 0|
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Overcoming the Barrier of Language

JAPAN SEARCH

Multi-modal search

Search for X8R (chicken and rice) Search for &£ (banana)
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Overcoming the Barrier of Language

JAPAN SEARCH

tem Visualization Map (Visualization & Multi-modal search)

In searches without strict keyword matching, such as similar image search and
multimodal search, users are interested in the coverage of the search target.

This service produces a single-screen, bird's-eye view of millions of thumbnail images on
Japan Search, thereby providing users with a clear idea of the coverage available from
multi-modal searches.

Based on a modification of the source code for deepscatter

(https://github. com/nomlc ai/deepscatter), available under CC BY NC
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https://github.com/nomic-ai/deepscatter
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< Overcoming the Barrier of Language

JAPAN SEARCH
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An example of visual exploration
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Topic 2. Overcoming the Barrier of Big Data

Creating and using large volumes of text data
Our OCR project and the NDL Ngram Viewer



Latest status of digitization and text conversion

Material type Available Online For Registered Users | Only at the NDL

Books 370,000
Periodicals 20,000
Rare B.ooks and Old 80,000
Materials

Doctoral Dissertations 10,000
Newspapers -
Others 150,000
Total 630,000

Of the above, full-text searchable materials

1,040,000 650,000 2,060,000
830,000 530,000 1,370,000
20,000 3,000 100,000
140,000 20,000 180,000

- 170,000 170,000

30,000 120,000 300,000

2,050,000 1,500,000 4,180,000

860 000 (Round numbers as of September 2024)

2,860,



OCR for Japanese documents
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OCR model optimized for

digitized materials at the NDL

Meiji era, including obsolete character forms or

fonts (quality)

* Generating full-text data for massive volumes of
digitized images (cost, t
* Dealing with typographical conventions from the

Development of an Al-

https://doi.org/10.11501/881298

©



https://doi.org/10.11501/881298

Generating high-quality text data with OCR

Generating accurate text data from books and periodicals by material type and
publication date

N2

Investigating the quality of existing OCR software and services

N2

Defining criteria and establishing specifications for OCR quality

N2
Developing and improving OCR

N2

Inspecting to confirm that OCR quality exceeds NDL specifications

This OCR project entailed significant research and development of new technology
that was outsourced to vendors in accordance with specifications set by and subject
to final inspection by the NDL.

18



OCR-Related Projects : Overview in FY 2021

> (1) Mass conversion of digitized images to text data during FY 2021

- Target: 2,470,000 items (223,000,000 images)
= almost all materials that had been digitized as of 2020

Detailed information: https://lab.ndl.go.jp/data set/ocr en/r3 text/

> (2) Development of NDLOCR during FY 2021

- Development of AI-OCR software for Japanese materials

- To be used for the text conversion of materials digitized after 2021 by the NDL

- To be made freely available as open-source software (CC BY 4.0)

Detailed information: https://lab.ndl.go.jp/data set/ocr en/r3 software/



https://lab.ndl.go.jp/data_set/ocr_en/r3_text/
https://lab.ndl.go.jp/data_set/ocr_en/r3_software/

Overview: Digitized and OCRed Materials at the NDL

1800

Pre-modern materials (80,000 items)

OCRed in FY2022
experimental project
(mentioned later)

OCRed in FY2021
. Books(OCRed in FY2021)

Books(OCRed by NDLOCR)

. Periodicals(OCRed in FY2021)

Periodicals(OCRed by NDLOCR)

1868

1900

1969

Now being OCRed from Jan.

1987 1

~~ 2024 by NDLOCR
(750,000 items)

2000
95

0,000
ms)

20



NDL Digital Collections: Full-Text Search

* Text data produced in FY 2021 for ™ s

Books

2.47 million items is now fully oo
Sea rCha ble. ~. 3 matched parts

E—EB8t. L\ —EOY S TURICERORERTE S

* Queried keywords and their
surrounding text are displayed as [

f| Books
BREZ & QRiHFA, g7

snippets in the search results.

. 2 matched parts

16: B3L3FEFT O T T UmMBT

° Sta rt|ng from Jan. 2024’ add|t|0na| 18: AL DOBICR ST FUMEADEEIEAEHICE. SSCEO®
750,000 items are being OCRed (by o
NDLOCR) and are gradually made BB & S, B

available for fu” text sea rch in NDL D| g|ta| 128: BRH L TIERICRVSSEURMCHOR. NTERBOIECERRD U EBES3 s TH55,
Collections (the project to be completed LB - B0

by March 2025) Books

SEE—H & REEELImEY S, BEHl7

htt pS //WWW n d | .20. | p/l p/n EWS/fV2023/240 1 18 03 . ht m | 171: 3>TEChH O, ARV »FTUMCHZ. BPFOCSERE. fARGaH—TEFhHDITRA



https://www.ndl.go.jp/jp/news/fy2023/240118_03.html

Improvement of NDLOCR during FY 2022-2023

* NDLOCR was developed for use in generating text data from materials digitized by the
NDL from FY2021 onward

e NDLOCR ver. 1 was released in FY2021, ver. 2.0 was released in FY2022, and ver. 2.1
with additional improvements was released in FY2023.

* Ver. 2.1 averaged a character recognition rate of 95.24% for books and periodicals
published after 1868 (Meiji era to the present). .

Detailed information: https://lab.ndl.go.jp/data set/rdocr/r4 software/

@ 3
e All versions are released under CC BY license from the official NDL Lab’s GitHup and

can be freely used: https://github.com/ndl-lab/ndlocr cli

* Machine learning datasets for OCR derived from materials whose copyright
protection has expired are released under the public domain mark.


https://lab.ndl.go.jp/data_set/r4ocr/r4_software/
https://github.com/ndl-lab/ndlocr_cli

Example of layout recognition of NDLOCR
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Yellow areas are annotations (headnotes in the example) w |

The results of recognition are below:
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Red areas indicate text
The results of recognition are below:
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https://dl.ndl.go.jp/pid/1223268/1/51



https://dl.ndl.go.jp/pid/1223268/1/51

Use of NDLOCR at the NDL

* The system that automates every step of the process from OCR conversion
to indexing in the NDL Digital Collections

Indexing to NDL Digital Collections

Reserve OCR processing on o
the web browser 16 OCR processes running in parallel
HOLOCREH < AT 8y
gm0 SR £ warionaL pier e
B WUTRETY TR —
o ) OCR Process
[ ravain v ]

OCR Process

Night or day, seven days a week, about 100 books per hour are added

and appear in the results of full-text search. »



Technical overview

2. Task w

Scheduler c—

From Celery's send_task
API Register a task for
each target book

3.Message Broker

b RabbitMQ

Receives tasks from Celery and load them into two

different queues:

1. Normal Queue

Load tasks in FIFOs and distribute them to workers
2. Priority Queue (interrupt tasks)

Interrupt the queue and distribute them to workers

1. OCR reservation Fory

3 iz mase

The OCR system
combines open source
technologies and was
built in-house.

5.MySQL Backend

Metadata on the results of the
OCR process is stored.

MySQolL..

4.Celery Worker

OCR processing

Worker0Q
(GPU:0)

Workerl
(GPU:1)

Workerl5
(GPU:15)

Saving OCR text data
Indexing to NDL Digital Collections




Now we can consistently produce high-quality text data with OCR and provide
full-text search

But how can we analyze the flood of information available from full-text data?

For example, searching the NDL Digital Collections for &/& (Taiwan) gives search

results for nearly 1 million materials.

Aroes: . @ Available withoul login . E Avcalablbe with I.'H;F'1i.-'1:-:l Contents Transmission Serdoe - Iél Available only at e ML
iIrictlions

Publisher
Option B8 Full text search B Include Volunme Number

" All search conditions

Results: 1-20 of 950,023

search items
¥ | 20 resulls perpage | Date added to NDL Digital Collaction [newest first)
bibliography
Tull e
HITERS K (BEBFHETE] 2019)

seamd3ronbun pdi CHREFESESETOOSNAFRE DI HEMENE SO S AOMEE S L TE— (

Access Restnciion

26



NDL Ngram Viewer (https://lab.ndl.go. |p/ngramV|ewer/)

* Experimental analytic tool for the corpus of
digitized books and periodicals (2.3 million - ———
items)

* Displays a graph showing frequency at which:;ff
the queried keywords appear over a given -
timeframe

e Useful features: Source code (CC BY) and dataset (frequency
statistics generated from the text data in PD) of

- Supports regular expression search
PP & g the service are avallable on the NDL Lab's GitHub.

- Target corpus can be filtered to include only
books, periodicals, or PD books.

27


https://lab.ndl.go.jp/ngramviewer/

NDL Ngram Viewer ~
Example: [FKESDDX(CFdpD ] (”Cogito ergo sum.“)

e A dictum coined by the French philosopher René Descartes

https://commons.wikimedia.org/wiki/File:Frans_Hals_- Portret_van_Ren%C3%A9 Descartes.jpg

* This phrase has been translated into Japanese in various ways.

[BESWICHKDD] [HRESHCEED] [HhNESWX(ChndsD] [ERESWZRIC
%%cTDDJ [HONE DE&(J’)M@DJ [HONE DKDz(JOﬂT_DJ [HONE DE&(J’)JI’LT_
32%_0?5 /A\E&(Jﬂ‘m B3 %55 DE&(J&ZEDJ [HONE DE&(J’)MEDJ [ E BN

All of these phrases mean “Cogito ergo sum”.



NDL Ngram Viewer ~
Example: [FKESWDX(CFd D] (“Cogito ergo sum.”)

* It is difficult to search for all the keywords you need when there are
many possibilities to represent.

* The use of regular expression search makes this problem a whole lot
easier.

[(ON|FK|E)EB|HE)A(EWPZR)C.*D ]

F—I—-F WHREE URLU >4

BESHICEDD 590 E)y BT O3 3 2 TRE
BESHUHTED 364 E17 BT DAL 3 o TRE
BESEUCIRTED 359 E7 BT L33 o TRE
DNBSEChng D 325 E7 BT L33 o TRE
DNESWR [Chngh 303 E17 B )O3 3 TERE
BESHICHEDD 201 E17 BT O3 3 2 TRE
DIBSECHIED 180 E7 BT I3 3 2 TRE
PNEBSWAR [CHTEn 179 Eiz BT DAL 33 2 THRE
HBESDACESDD 135 E7 BT L33 o TRE
EERSUCERED 42 = B I3 3 S THRE



https://lab.ndl.go.jp/ngramviewer/?keyword=%28%E3%82%8F%E3%82%8C%7C%E6%88%91%7C%E5%90%BE%29%28%E6%80%9D%7C%E3%81%8A%E3%82%82%29.%2a%28%E6%95%85%7C%E3%82%86%E3%81%88%29%E3%81%AB.%2a%E3%82%8A&size=100&from=0&materialtype=full

Topic 3: Overcoming the Barrier of Time

In-house development of OCR for pre-modern materials
NDLkotenOCR and the Next Digital Library



NDLkotenOCR : OCR Experiment for Pre-Modern Materials
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house development of NDLkotenOCR, an

Al-OCR software for generating full-text
data of pre-modern materials (mostly

before 1868, Edo era).

e Source code of NDLkotenOCR is available
to the public. (CC BY)

https://doi.org/10.11501/2558997

31

English version of the information page! https://lab.ndl.go.jp/data set/r4 kotenocr en/


https://doi.org/10.11501/2558997
https://lab.ndl.go.jp/data_set/r4_kotenocr_en/

Technologies of NDLkotenOCR

@Layout Detectlon Model

B ERIl [fR] [ETEMEC) %338-339
https://dl.ndl.go.jp/info:ndljp/pid/10301536/18

(2 Text Recognition Model (TrOCR)

Encoder ( Extracting features from images)

A type of Vision Transformer (DeiT) with high performance
in the research field of image recognition

Approach based on object detection
Cascade Mask R-CNN, which was confirmed
to have high performance during the
development of NDLOCR

%’
&
& 7’

% S
¢ S

Decoder (Converting the obtained image features into a string)

A language model trained on the masking problem of transcribed
text data (RoBERTa)

Expected to correct and complement illegible characters by the
language model 32

Bl DROGICEEHDESRSOE] > KO TICEEDSHRSHE]



https://dl.ndl.go.jp/info:ndljp/pid/10301536/18

NDLkotenOCR

Full text search using NDLkotenOCR

A full-text search function is provided in the Next Digital Library (see below) using text data for about
80,000 pre-modern materials created by NDLkotenOCR (This text data is not yet included in the NDL

Digital Collections.)

Although there is still room for improvement in recognition performance and some materials cannot be
read well, it is useful for getting an approximate idea of the content (median value of 92%).
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https://lab.ndl.go.jp/dl/book/1287221?keyword=%E3%81%8A%E3%81%8D%E3%81%AA&page=2
https://lab.ndl.go.jp/dl/book/2577712?keyword=%E6%9C%88%E8%9D%95&page=26

Next Digital Library(https://lab.ndl.go.jp/dl/)

miTivLs23)
Main Functionality

EXNSBRRETD
Full-text search of OCR-generated text

i LLDHIFATT
* Automatic extraction and listing of illustrations in documents
* Image search function (search for similar illustrations) ﬂ"'

and so on...
® Search target

280,000 books and 80,000 pre-modern materials in the public ==
domain available at NDL Digital Collections (http://dl.ndl.go.jp/)

(lGh<{an
=B=

» It experiments with next-generation library technologies for digitized materials in the public domain
» Technologies that prove to be effective will be included in NDL Digital Collections and elsewhere.
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https://lab.ndl.go.jp/dl/
http://dl.ndl.go.jp/

Next Digital Library

Also used to demonstrate how services are presented.
N —

® T &« ¥ Q

OCR text data can be overlaid on the
image by pressing the "T" button.
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Text data and image data can be
saved using the download
button in the lower right corner.

The hit points of the full-text search are displayed with pins on the image. -



Let’s look for documents about Taiwan (&=7&) in the full text data of pre-

modern materials!

https://lab.ndl.go.jp/dl/fulltext?from=0&keyword=1=7& &fc-isClassic=true

Keyword fulltext search E];_'*ﬁ:";"”@
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Classic bock 753 " BRENET WBRPTE 1026
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llustrations in this book
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Example of search results
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A passage describing a voyage through Taiwan (=&
on the way to the equator around 1662 (E32£F)

ML, SLASStHEROENZAT. &RCED.
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Example of search results

!
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u ./£~ ..h..:".. ": . !!. 4..
(h "f
I 1=
ol 1

ANHZ & DaBEEH] [6]

The contents of this document are described as having
been written after hearing about the domestic situation in
Taiwan (=) from the people of Ryukyu (FREK)
around 1790 (ER2%F)
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Other features of Next Digital Library
Similar image search

Image search function by image

Q et Suck & Cel Q sewrchl Gouk X Cel Q sewrchll Gock & Ce Q Sewrchll ok & Cul

ey
-

T
;

L , -!"Ei':‘.!
:EIE I:" g: l."I

e mRwnprEE W
A

39



Other features of Next Digital Library

Example 1
Multi-modal search
e L% (1‘:\,\.___ e a}?\
i ,\'" [ é"“?; iy
* Image search function by free text
* Supports multilingual queries by using & 3\‘ ™
i i f RS &)
machine translation < 2 ”m\
Example 1: - m Cf
“BIZL VR (“cute dog(s)” in Japanese) =
Example 2: w8
“un homme jouant du violon” e : >
“ : e il i S
(“a man playing the violin” in French) 18 . Example 2

Example 3:

“Wezanimelan” (“Sunset” in Thai)

e Q

R seorchl ook & 50t Q searendl] sowc M zcoe $ine Q soaenM 2000 & G2t
g ‘ -
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Summary

* Topic 1: Overcommg the Barrier of Language

Multilingual search query:
[BICHEH 2B

GRS A ,afk R
[ A man on horseback] - ﬁ : "
[Homme a cheval | { "\

J-'r.-rlndlml::
1233 aisil Line il =
Emen ~ lad. " & -~ -
[ ]
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Future Activities:

The topics presented today are in the development stage

and have yet to be perfected. It is important to consider
better methods and to improve accuracy.

Here are some new challenges that we are considering.
1. Use of generative Al for reference queries

2. Use of Al technology for video and audio materials
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