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Abstract

Since 2000, Global Memory Net (GMNet), supported by the US National Science Foundation/
International Digital Library Program, has developed to be an effective World culture and heritage
Image Library and portal which provide instant access to the world’s invaluable cultural, heritage
and historical resources of libraries, museum, and archives." It has its over 30 rich digital image
collections in house as well as provides instant access to over 2400 world digital collections from
over 80 countries at its reach.

Global Memory Net has been developed with a strong conceptual framework developed since
1993 and refined in the late 1990s and has utilized cutting-edge image retrieval technologies for
providing innovative user-oriented information services. This paper focuses on a range of new and
exciting technical developments to implement aggressive user-centered concepts and strategies for
providing the kind of multi-format and multilingual access to multimedia resources not possible
before.

“Modified from a keynote speech entitled “New Digital Library Perspectives from International Library and Information Point
of View,” delivered at the Annual Meeting of Library Directors of Universities and Colleges in Taiwan, Tainan, May 19, 2006
[Chen, 2006a], and an invited speech entitled “Challenges for Developing a World Digital Library and Gateway: The Case of

Global Memory Net,” delivered at Library in the Digital Age (LIDA 2006), Dubrovnik, Croatia, May 31, 2006 [Chen, 2006b].

" See http: //www.memorynet.org/. Global Memory Net was launched for universal access in late June 2006.
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INTRODUCTION

Although since 1993, 1 have
advocated the concept of a world
digital library [Chen, 1993], yet
my own serious R&D work related
to the development of digital
libraries did not start until the end
of the 90s. As we entered an
exciting digital era in the new
millennium, we have begun to
witness the exciting convergence
of content, technology, and global
collaboration. There are unprece-
dented potentials as well as
challenges for developing digital
libraries of all kinds. Fully
realizing the importance of a
triangular relationship between

content, technology and user as shown in Figure 1, this paper will focus on the technical aspect
of the challenges for developing a world digital image library and portal [Chen, 2006a, 2006b].
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Figure 1. Conceptual Model of an Interdisciplinary Digital Library

CHALLENGES FOR DEVELOPING A WORLD DIGITAL LIBRARY

In the case of Global Memory Net, since it is intended to be both a world digital image library

and a gateway, we have conceptually set various requirements as our challenges for such
digital library development. The following are some of the selected ones [Chen, 2006a,

2006b]:

e Instead of using web for publishing, we need to use web as a platform to enable more

user participation,

e We need to provide seamlessly integrated multimedia information services in order to

enrich user experience,

e Our system needs to provide innovative information services, and it is not to offer

packaged software for building databases,

User’s need and behavior in information seeking should not be pre-determined, thus the
search and retrieval capabilities have to be able to accommodate all kinds of needs,
User needs to control the use of data, thus he/she can choose to search one single
collection or multi-collections,

What we offer should be a knowledge base and not database(s), therefore once simple
information is found, user can and should be enriched with more related multimedia
information, and mixable or re-mixable resources if desired,

We need to provide freely accessible and searchable web resources, and not just links
with them,

To enhance user experience and ability to consume the obtained information,
multilingual capabilities are essential for both presentation as well as retrieval,

User should be able to lead from one tiny useful information to play big and link that to
the world collections as well as world bibliographic and web resources,



User should be able to address the content in any granularity,

Geographical access to content should be provided,

Intellectual property of the content provider should be protected,

User should be able to use the discovered and retrieved data to develop his/her own
project(s),

User should be able to actively contribute to the library,

Etc.

To meet these challenges, in the case of Global Memory Net (www.memorynet.org), we have
developed the latest version of the interactive Multimedia Content Retrieval System
(tentatively called i-M-C-S) by incorporating many innovative concepts and functions. This
paper will articulate how these challenges are being addressed. They include some of those
listed in the following:

1)
2)

3)

4)

5)
6)
7)

Using the Web as a platform to integrate seamlessly all types of multimedia resources.
Digital images can not only be retrieved in traditional ways by metadata fields, but also
by cutting-edge content-based retrieval methods (CBIR).

Once the desired image(s) is (are) located, associated sound, digital video, textual
annotation, as well as expanded bibliographical and Web resources can be obtained by
the simple clicks of the mouse.

Available resources can be retrieved by searching a single collection, or by cross-
collection (or multi-collection) search.

Multilingual presentation as well as retrieval should be possible.

Geographical retrieval should be provided.

While universal access is the goal, the users should be possible to contribute their resources as
well.
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THE DEVELOPMENT OF GLOBAL MEMORY NET’S i-M-C-S SYSTEM

The interactive Multimedia Content retrieval System (i-M-C-S) has been developed in house
with its beginning as a Linux/MySQL/PHP-based system with a functionality scheme as shown
in the following:
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Figure 2. Functionality Scheme of Global Memory Net [Zhang and Chen, 2005].
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As time goes on, more and more functionalities are added, and currently the latest version
(Versions 4.5) can address literally all the challenges listed above. We shall elaborate on these
features in the following section.

In addition, realizing that more content collaborators would want to develop their own digital
image collections, we have developed a generic version of i-M-C-S to enable our content
collaborators to develop their own digital collections easily by simply plug in what is prompted
after the basic image database has been created. This was tested in Croatia at a workshop
offered at University of Zadar after LIDA 2006 conference [Chen and Badurina, 2006], and it
was proven to be very successful. Furthermore, this generic version of i-M-C-S is a 3-tier
system, which is developed to meet the needs of interested organizations depending on the
technical sophistication and capabilities of each of them. The 3 tiers are:

e Tier One: This system has almost all the systems features of the current Global
Memory Net. It required a server, with staff possessing knowledge and expertise in
Linux, PHP, and MySQL etc.

e Tier Two: This system will use PC as a server, and the functionality is reduced from
those of Tier One due to PC’s functionalities.



e Tier Three: This is the lowest level which will start an institution with much less
technical capabilities to start developing its digital collection database(s), knowing
whether that all digital library applications require functional digital databases.

FEATURES OF GLOBAL MEMORY NET [Chen, 2006a, 2006b]

To elaborate on what was discussed above, while it is impossible to cover all features, we shall
select a few in the following with appropriate illustrations:

e Web is used as a platform, and not as a publishing medium.

Figure 3 shows how Global Memory Net is available to universal access by using the Web
as a platform.
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Directed by Prof. Ching-chih Chen of Simmons College, Boston and supported by the NSF/International Digital Library
Program (IDLP), Sloba! Memeory MNet (GMie?) is intended to be an effective gateway to the world cultural, historical, and
heritage image collections from selective collabaorative institutions in the world. Much of these unique , valuable education
- and research collections are not currently accessible due to distance, form, and technical barriers, GMNet’s goal is to

.| create and share the tools necessary for users to access and exploit these significant collections via the global networlk,

Each collaborator of this complimentary and synergetic group possesses experience, knowledge, expertise, and capability
in specialized but related research areais). Each contributes either part of its superb culture and heritage callection, or
cutting-edge techniques to facilitate the image retrieval,

The Global Memaory Met (GhMet)'s initial collection starts with the invaluable images included in Prof. Chen's interactive
wvideodisc and multimedia CD-ROM, entitled The Frs? Ermperor of Ching on the First Emperor of China's 7000+ terracotta
warriors and horses, These are products of her earlier PROFECT EMPERDR-T, supported by the US Mational Endowment for
the Humanities (1983-1956), The selective images of this project became the core collection of Chinese Memory het
(Chiriet) and is named "Emperor Collection” in GMie?, Since 2002, the project's scope has expanded quickly to cover
many countries' cultural collections, Presently we are providing access to only a few collections as listed, More images will
be available as they are completed, as the collection is fast growing and in a perpetual state of flusx.

Onling users are provided with various ssarch capabilities to retrieve the world cultural and heritage rultimedia resources
-- images, sound, and videos. Using in-house developed LINUS/MySQL/ PHP-based retrieval techniques, we have greatly
refined the traditional descriptive fields search by adding bilingual and rultimedia retrieval capabilities. Users can obtain
desired information via geographical, multi-collection and raultilingual searches, Wwhen the desired image is located, users
can also enlarge and browse portions of the image, all imbedded with a dynamically generated digital water mark For
copyright and IP protection. The search also provides images of similar topics, related metadata information and links to
relevant web sites when available, Further bibliographical and multimedia searches are also instantly provided, When
appropriate, users can also use the cutting-edge content-based image retrieval (CBIR) of the Penn Sate University (PSU),
SIMPLIcity, developed by Professors James Wang and Li Jis of Stanford, currently at PSU,

News Release: Ching-chih Chen joins OCLC as consultant (10-29-2005)

On October 26, 2005 OCLC announced that Ching-chih Chen, the PI of Global Mermory Met, has joined OCLC Online
User ID Computer Library Center as Consultant to the President for global digital initiatives amang libraries, museumns and archival
e institutions., For rmore inforrmation of the announcernent, consult http ffwww, oclc orafnews/relesses/ 200520, htm, On
Password | | september 30, 2005, Dr. Chen delivered a lecture at the OCLE Distinguished Serminar Series in Dublin, OH, Details of her
— presentation can be found at httpi/fwww.oclc.orafrasearch/dss/default. htm

Login Mowe > << Pravious

Register | Forgot password?

Terrns of Use | Privacy Policy | Copyright | Site Map
2005 @GMHet, All Rights Reserved,

Figure 3. The Home Page of the Global Memory Net.

e Instant access to rich image collections — One can access to over 30 image collections in
GMNet with over 20,000 images as well as over 2400 digital collections from over 80
countries. Although GMNet’s own current collections have focused in culture, history, and
heritage, the World Digital Collection in GMNet has included over 2400 digital collections
cover all subject areas. This includes over 100 collections from UNESCO’s Memory of
the World, over 290 collections from the US Library of Congress, as well as those from
other major national libraries, archives, museums, academic institutions, etc. In other
words, the world’s rich resources are instantly accessible at a simple click of the mouse.
Figure 3 shows how these collections can be accessed by selecting the collection from the
left blue panel of “Collections”. This panel is enlarged in Figure 4 in order to be able to
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read the details. Although the panel shows
only 9 major collections, but many more can
be accessed by clicking “more”.
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Figure 4. The Navigational Panel Showing How =~ Projects
GMNet Collections Can Be Accessed —-> Ermmperor Callection

Arab and Izslamic Civilizations
Easy and flexible traditional search — Select LC's Inoh Maps
a collection of interest, and use traditional Lo Masl M En s criphs
search by any or all of the metadata fields
when one knows the precise information to
search in this collection. In this case, the Project Restore
Google syntax is used. UMESCO's Warld Mermory

Mational Libraries

User can explore the unknown collection and world Digital Collection
learn its coverage — For an unknown T L ——
collection of curiosity to the user, it is
impossible for one to search either by
author, title, subject or keyword as normally
requested. In this case, we provide the
capability for the user to browse the SOt R ES
collection. But more significantly, the
“random” feature permits one to explore and
learn the coverage of this collection. In
seconds, one will know considerably more
about the collection though the variety of Cwn Project
images displayed as well as the words
showing up for the titles. These words can
then be used as possible keywords for further retrieval. For example, Figure 5 shows the
great diversity of images covered in the UNESCO’s Memory of the World collections. A
quick glance of this screen, one can have a good idea on the subjects involved. Should
there be a topic of interest, then one can move to the next step. Otherwise, further random
access will yield more topics of coverage.
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= User's Menu
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Instant retrieval of similar images of interest by using cutting-edge retrieval techniques —
Once a picture of interest is spotted, one is given three choices — 1) to find pictures of the
same color or shape using the cutting-edge content-based image retrieval (CBIR) or the
same topics, or 2) to zoom the image for larger sizes and more details, or 3) to have some
descriptive information, as shown in Figure 6 on the right. Our CBIR uses SIMPLIcity of
Prof. James Z. Wang of Penn State University. For example, if the image shown on Figure
5 related to “Curing Diseases” is of interest, one will be able to ask for more information as
shown in the enlarged illustration shown in Figure 6. The user can choose to click on any
of the three choices for much more information.
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Figure 5. For UNESCO’s World Memory, “Random” feature provides an instant display of
a great diversity of topics covered

o “Similar” — A simple click on “Similar” will
yield all the images of similar color and shape
through the use a content-based image retrieval
technique, SIMPL Icity. Or, we can also retrieve
images of the similar titles or keywords if
SIMPLIcity is not used. This is an important
feature which is able to provide instantly a large
number of similar images to the user without
having to type anything on the keyboard. For CUTIE: KN ke

someone who knows nothing about the subject Similar | Larger | Info
or the inclusion of the collection, undoubtedly
this opens up a new horizon for learning to the

user. WM

Figure 6. The Chosen Image on “Curing Diseases”

o “Larger” — By clicking this, instant magnification of a chosen image in defined areas is
shown. Depending on the resolution of the image, some images can be zoomed over a
dozen of time. Note the small icon of the rare Japanese Inoh Map of the Library of
Congress’ Asian Division (Figure 8). All image icons are so small that nothing can be
seen. Yet, any of these tiny image icons can be magnified to 12 times with a great deal
of invaluably significant information to the scholars.
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Figure 8. This figure shows the multiple levels of magnification.
Note also the dynamically generated digital watermark.



o “Info” — “Info” will yield instant descriptive information about the image, as shown in
Figure 9 for the image on “curing diseases”, and Figure 10 on a Japanese Waka poem.
This information can be in multilingual forms. In addition, a simple click on the URL
of the source, the user will go immediately to the Web page so he/she can browse and
search information there.

M. image Collection - Netscape

Tithe: Curing Diseases
Locationt  Africa, Eqypt

Daseription: This is & page from a manuscript that consists of three chapters. They describe body diseases,
their prevention and treatrment (e.g.: tremor, convulsion and others), Each disease iz explained
and analysed separately, along with its means of prevention, causes and treatment with herbs
and drugs. The book contains a collection of illustrations of such herbs and flowers as clove and
anemone. The author gives an explanation of each of these flowers. There are also illustrations
of certain types of fruits. At the end of the book, the author describes some of the flowers and
herbs used in the treatment of some common diseases of his time. One of these herbs i5 a seed
called Indian Bastal, It helps urine to flow easily, in case of dysuria and urinacy tract infections,

Rights: The Mational Library and Archives of Egypt
Source: http:/fportal, unesco, orgfcifenfev.php-URL_ID=146848URL_DO=00_TOPICRURL_SECTION=201. html
Reference: Home » Mermory of the World » Projects » Eqgypt - Dar &l-Kutub

Figure 9. Descriptive information (metadata) of the Islamic “curing diseases” image
available in both English and French
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Figure 10. Descriptive information (metadata) of a Japanese Waka poem image from the
Tsurumi Collection available in both English and Japanese.



Dynamically generated digital watermark for R T
copyright protection of the content provider — See
Figure 8 above. This provision has encouraged more
content providers to feel comfortable in providing
their treasures in digital form on the Web.

Seamless integration of multimedia information — If
relevant resource information on a chosen image is S 35:'--'-1:---
available in formats other than textual annotation,

the user can then retrieve the relevant audio, video, o e
etc. again by a single click of the mouse, as shown ... & & @

in Figure 11. e .

[t
]

Figure 11. The “Info” screen shows the availability of 3 | o oo
digital videos and 2 PDF document files for instant o s
retrieval. Some also include sound and other files | riw

User can choose to conduct either a single
collection or multi-collection search — For
example, if one wants to find information
on Naxi, one of the 56 minority ethnic
groups in China, one can choose to search
Library of Congress’ Naxi Manuscripts Traditional Search This screen d
Collection, or one can do multi-collection e
search. The later will search all the 30 more accurat
some collections in GMNet as well as the

All fields

naxi

.. f - Ay | * Creat

2400 digital collections in the world. The A . Title
A ® Locatki

search results will instantly be shown (see | FEEPREE_u =
Figure 12). We can see that, in addition to term must b * Keywo

1027 images found in LC’ Naxi Manus-
cripts, one can also locate additional
resources and images in other collections,
such as:

0 2 Web sites in the World Digital
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o 9images in World Musical creator's last

Instruments,
0 10 images in Chinese 56 Ethnic
Groups.

By clicking eil
collection on -

Figure 12. Display of multi-collection search results

User can have much more in-depth learning of the subject by using expanded
bibliographical and web resources — For example, as shown in Figure 13, if one is
interested in finding more information on an image related to “Timbuktu” such as books
articles, etc., one can instantly find relevant books from the half-billion bibliographical
records of OCLC/World Cat, or web resources like Google Scholar, Wikipedia, Internet
Archive, Million Books etc... When the desired books are found in the OCLC/WorldCat,
one will be able to locate them in libraries nearby the user. They can then be obtained via
interlibrary loan, etc. Google Scholar and Wikipedia will be able to provide full-text
information instantly.
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The world’s resources are here for you.

i gl S, PR R S R
e nae 1 il P R o B

meplen im

Smarch OO L World(at foarrh Coogle Frant Saaeh niworsal Lbeary
-
tearch Google L-bhalar fearch Coagle Images Search Intemet Archive I
T T - -

I
W Py, gy T Gpeesi Upded Narey 1R

= u e { Pynin v Sppe 1.
'-I-Ht -lﬂ'llllﬂll l'.lll-#‘r s o "Ilﬂi AL

g e B b £ r

Google v O
P

oholar l----u---r.-n-u-.u-.}-_..u

...,.,..,_.w,“. .-.—m'h...-, o

-
- e e L

- i T

— duliey reay & Diwrwne
‘I—-i“ﬂ'l'c"" ."|+-|-l FFSrpE——
md= et merr s v mar
—— Rl o —
it n"m' ]
s For alerierige mdered o | ] c— =—
mety SO0 T o Tim
[ [}
|‘| -I |ri - n"" 2
« = | re——
— iy o k. ....-..lnl-——-—-.-l-_-n—
[rem———— ]
Sl ]
o @
T L
Fas [ Ak
] v

L ik
. [ T
e e B e, o Ddes, Sy Cowr i e Tacindos | o
Al Tofemr, Twwras
]

Figure 13. Searching the World’s Bibliographical and Other Resources

Multilingual display of descriptive
information as well as multilingual
retrieval — Currently GMNet already has
contents in English, Chinese, Croatian,
French, Italian, Japanese, Spanish, Thai,
Vietnamese, etc., as shown in Figure 14.
This facilitates greatly the use of GMNet
resources because the choses language is
familiar to him/her.

e User can conduct geographical searches

by continent and/or country —
Information on all digital collections can
be accessed by continents as shown on
the top part of Figure 15. Furthermore,
over 230 countries can be searched and
accessed by country as shown in the
lower part of Figure 15. Unfortunately at
the moment, only 80 of the 230 plus
countries have digital collections. Many
national libraries in the world do not
even have Web Page available. This is
why GMNet has a seperate collection on

the world’s National Libraries as shown in

Figure 4.
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Figure 14. Multilingual capabilities
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In addition to the features mentioned above, it
is worthy to stress that GMNet positions its
user to [Chen, 2006b]:

.uﬂ.rur et

‘I'?-"oba

e Participate actively during his/her own
information seeking process,

e Decide how he/she would like to use the
discovered or retrieved information,

e Develop his/her own project(s) by
choosing, mixing and remixing the
retrieved images, and

e Be an active content contributor to
GMNet.

Central America: Belize » Costa Rica » El Salvade

South America: Argentina «» Bolivia « Brazil » Chil|
Venezuels »

For example, upload capabilities are provided Europe: Albania » Andorra » Armenia » Austria » A
should one has valuable image(s) to Croatia » Cyprus » Czech Republic » Denmark » E/
A N N 3 Greenland » Guernsey » Hungary » lczland » Irels
contribute. What is also important is the Macedaonia » Malta » Moldova » Monaco » Netherlz
] TH Serbia and Montenegro «» Slovakia » Slovenia » 5
provision for the user to utilize the resources United Kingdom, Scotland » United Kingdom, W

of GMNet to make projects of their own. This Satas . L
_ . sia: Afghanistan «» Bangladesh « Bhutan » Brune
IS partlcularly useful for teachers, for example, Indonesia » Japan » Kazakhstan » Kyrgyzstan » L

. . . Pakistan » Papua Mew Guinea » Philippines « Sin¢
they can retrieve the needed IMmages of given Thailand » Turkey » Turkmenistan » Uzbekistan «
subjects, go the classes for the scheduled

Oceania: Australia » Cook Islands » Federal Stat

times, and slmply Sign on to GMNet and Palau » Republic of Kiribati » Saint Vincent and tH
deliver the lectures. Figure 15. Geographical Access to GMNet
CONCLUSION

In this paper, we have shown how new technologies have been uses to bond the past and the
present together. Since its beginning in 2000, this National Science Foundation’s International
Digital Library Project has expanded to be a world image digital library as well as a global
gateway to the world culture, history and heritage. Although the conceptual model of a global
digital library was conceived as early as 1993, and it was only further refined in the late 1990s.
The development of GMNet began at a time when there was no mention of Web 2.0.

The concept of "Web 2.0" began with a conference brainstorming session between O'Reilly
and MediaLive International in 2004, and “in the year and a half since, the term "Web 2.0" has
clearly taken hold, with more than 9.5 million citations in Google.” [O’Reilly, 2005].
Although there are still a lot of disagreement on what Web 2.0 is all about and for, for GMNet,
we have actually found considerable agreement between the core concepts of GMNet and the
Web 2.0 core as shown in Figure 16, as well as some of the ideas that radiate out from that
core.

It is clear to us that in developing the next-generation web-based applications, including digital
Libraries, one should keep in mind the keywords such as “user,” “services,” “participation,”
“knowledge base,” “open access,” etc., and NOT “publishing,” “packaged software,” and
“database(s),” etc.

12



Stratesgic Poaktioning:
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Figure 16.  Part of the O’Reilly “meme” map showing the Web 2.0 Core.
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