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ABSTRACT

This paper provides an update on the Alexandria Digital Library project
(ADL), centered at University of California-Santa Barbara with a satellite site at
University of Colorado-Boulder. We discuss the 8:60:38\% the publicly
accessible Web implementation. We describe the origins of ADL, its objectives
of providing access to the services of a map and imagery library over the
Internet, and of merging maps and images into the library information main-
stream. We describe the development of the ADL prototypes, and focus on the
features of the current implementation that distinguish ADL from other digital
library efforts. The paper ends with an overview of outstanding research issues
raised by ADL and other related projects, and of the impact such developments
are likely to have on the accessibility of spatial data.

ORIGINS OF THE PE.UDPZU,E DIGITAL LIBRARY

To service those who need digital data, new products appear with increasing
frequency, and one can access increasing quantities of digital data on the
Internet. Federal agencies that produce and distribute datasets are converting
physical distribution mechanisms to electronic form. Data enhancement is
increasingly outsourced to private companies who add value to federal products,
repackage and redistribute them on the Internet. Scientists who previously
ordered data on magnetic tape or CD-ROM from agencies or companies can
now access data products directly via the Internet. The challenge for those
wishing to access electronic data sources is to navigate the ever-increasing
volume of information on the Internet, to locate data appropriate to an applica-
tion, and to download them. This requires a new set of skills for the scientist
and also requires provision of new tools for generalized and specialized data
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delivery. A major challenge for the coming decade is to enhance the accessibil-
ity to all types of digital data, including but not limited to geographically
referenced environmental data.

These issues challenge many branches of science, commerce and technol-
ogy. Organization of and access to digital data via the Internet as been identified
as a “National Challenge” in the Information Infrastructure Technology Applica-
tions component of the U.S. High Performance Computing and Communications
Program (HPCC). National Challenges are fundamental applications that have
proad and direct impact on the Nation’s competitiveness and the well-being of
its citizens, and that can benefit from the application of HPCC technology and
resources. (NSF, 1996a; Tosta, 1994) In the Fall of 1993, a solicitation for
proposals responding to a National Research Initiative on Digital Libraries was
issued with joint sponsorship from the National Science Foundation (NSF), the
National Atmospheric and Space Administration (NASA), and the Advanced
Research Projects Agency (ARPA). “One goal of this [Digital Libraries]
Initiative is to establish better linkages between fundamental science and
technology development upon which key aspects of the National Information

. Infrastructure depends. ... The projects’ focus is to dramatically advance the

means to collect, store, and organize information in digital forms, and make it
available for searching, retrieval, and processing via communication networks
— all in user-friendly ways.” (NSF 1996b).

Six awards for a period of four years were issued from a pool of seventy-
two submissions:

« Carnegie Mellon University: “Informedia: Integrated Speech, Image and
Language Understanding for Creation and Exploration of Digital Video
Libraries”

o University of California, Berkeley,: “The Environmental Electronic Library:
A Prototype of a Scalable, Intelligent, Distributed Electronic Library”

« University of California, Santa Barbara: “The Alexandria Project: Towards
a Distributed Digital Library with Comprehensive Services for Images and
Spatially Referenced Information”

+ University of [llinois: “Building the Interspace: Digital Library Infrastruc-
ture for aUniversity Engineering Community”

» University of Michigan: “The University of Michigan Digital Libraries
Research Project” :

* Stanford University: “The Stanford Integrated Digital Library Project”
Home pages for all these projects may be found through NSF (1996a).

“We see these projects as taking the next step — and a very large one — in
our ability to make available vast stores of knowledge and innovative informa-
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tion services based on High Performance Computing and Communications
technologies to researchers, students, educators and the general public.” Young,
1994). Each of the six awards has focused on a unique library issue, ranging
from digital video made available to public schools (Carnegie-Melon), to digital
versions of science and engineering journals made available to a university
campus (Ilinois). One project (Stanford) has undertaken to deliver high
performance digital linkages between the other five. Three of the six awards
focus on environmental data. The Alexandria Project is one of these.

The Alexandria Project goal is to deliver comprehensive library services for
distributed data archives of geographically referenced information stored on
map sheets and series, photographic and satellite images, atlases, and other
geographic media. “Distributed data” means the library’s components may be
spread across the Internet, as well as coexisting on a single desktop. “Geo-
graphically referenced” means that items are associated with one or more
regions (" footprints™) on the surface of the Earth, Geographically referenced
information has been traditionally treated as a ‘separate’ problem by librarians
and data archivists, due to complexities of spatial ordering, layering, and spatial
and temporal autocorrelation. Our intention is to eliminate the traditional
distinctions made in libraries between general collections of books and text with
special collections such as maps and photos. The project includes assessment of
user needs, basic research to address technical impediments, software develop-
ment, and a rigorous program of evaluation and quality control. These require-
ments are met through a collaboration between disciplines at several institutions,
the private sector, and segments of the geospatial data user community, includ-
ing earth scientists, librarians and information archivists, and students and
teachers in K-12 classrooms.

IMPLEMENTING ALEXANDRIA ON THE WEB

The centerpiece of the Alexandria Project is the Alexandria Digital Library
(ADL), an online information system inspired by the Map and Imagery Labora-
tory in the Davidson Library at the University of California, Santa Barbara.
The ADL currently provides access over the World Wide Web to a subset of the
Map and Imagery Library holdings, with other geographic datasets coming
online on a continuing basis. The ADL is publicly available on the World Wide
Web, and includes tutorials, general reference information about spatial data and
digital spatial data sources, and functions for browsing and retrieving actual
maps, images and data. These functions currently include a catalog, a gazetteer,
and a geographic browser that also displays geographic footprints of data sets
that one can retrieve, view metadata, or download, .

Users can browse ADL holdings electronically and search by spatial or
temporal location or by metadata content. Spatial searches by placehame or by
spatial footprint can be refined according to specific time periods, data resolu-
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tion, data category (satellite image, topographic map, geologic map, etc.) )
Efforts are underway to implement browsing .Rwo_m based on no:onno=.m mainte-
nance criteria (map sheets having multiple .n&ﬁoam. e. wv or based on E».o._.Bw.
tion content (to initiate a search for a Spot image containing a hydroelectric

g- o.m.v.

Multiple versions of the Library are currently under .mo<o_owao=r Reasons
for this include the need to have a stable Library system in place to support user
evaluation studies, and the need to demonstrate that individual m.omg.wno Bomrm_om
are operational before they are added to the general testbed, 4_:_.“ still providing
a system design platform for experimentation and cosorn_w.annm. OE”. 555,.
tage of the multiple version approach is that the system design can be m_..oNou
specific stages of development. These phases mark a chronology of design,
EEEEW, and results of user evaluation studies.

at

The first phase produced a rapid prototype running commercial om.Eo-.mro_m
software (ArcView) on a UNIX platform. This version was based ona multi-
window environment that is common to anyone who rmm. soznma with GIS
software packages. The rapid prototype was ooav_omna in Spring, 1995, and
served as an early platform for user interface evaluation efforts. A subset of the
rapid prototype was ported to a Windows platform, w.:a .cE.:oa onto n.U-wOZ.
Twenty-five hundred copies of the CD-ROM were distributed wmosm with a
questionnaire to solicit community feedback. c%on::».ﬁ_w. .Z_.onom.om released
its Windows-95 operating system almost concurrently g:n.w distribution of the
CD-ROM, and incompatibility has limited the potential high volume of feed-
back we had hoped for. However, the CD-ROM version served to make .So
Alexandria Project visible in many working environments irmno CZUA is not
available, and it continues to be used in selected schools and libraries in North
America.

The current phase of system design extends rapid prototype functions in a
World-Wide Web environment. System architecture includes a storage compo-
nent, a catalog component, an ingest component, and an interface noBmouoE.
The storage component is designed to accommodate very large no=ocEw=w of
very large digital objects. Environmental data is alternatively characterized by
high resolution, multispectral raster data, and overlaid themes of vector data
compiled at multiple map scales. Storage requirements are large. For mxwan_n.
an analog air photograph scanned at 600 dots-per-inch commonly requires 30
MB (90 MB for color) per archived image (Andreson et al, 1996). A mEm._o
collection of historical photography containing hundreds or thousands &w images
could require storage on the order of single terabytes at the point %.Edrim_.
Distributed storage provides the only feasible architecture for multiple aw.ﬁmonm.
and Internet protocols (e.g.., Z39.50) are being implemented to rmn&n.ao_zma.
and transfers. Current system holdings focus on the southern California region.
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The catalog component is a special emphasis for current system develop-

ment efforts (Smith, 1996). ‘The catalog systematizes all types of information by

which the Library holdings may be organized. By implication, the catalog
contents form the basis for user browsing. An archive may be searched only on
items which are organized in its catalog. (One reason the Web is difficult to
navigate is that it lacks a catalog.) The Alexandria catalog allows browsing by
placename, by data theme, by spatial footprint, by date of compilation, or by
mietadata as defined by FGDC/USMARC standards. Placenames are provided
by the Geographic Names Information System (GNIS) gazetteer, which includes
1.8M names of US features/15 classes, and by the Board of Geographic Names
(BGN) gazetteer , including 4.5M names of land/undersea features. The catalog
is stored in a central relational database (Sybase) housed in Santa Barbara.
Metadata records are stored in a single centralized archive using Microsoft
Access. i o ..

The ingest component currently provides for input of data, metadata, and
catalog information. Data ingest can be accomplished in a number of ways: by
scanning analog material, by transfer of created metadata records from
Microsoft Access, or transfer from other sources (e.g.., frame-level records from
air photo databases, sheet-level records for indexed map series , and USMARC
catalogued records for single maps). Following data ingest,/new data items are
‘added’ to Alexandria by creating new catalog and metadata records with
pointers (presently in the form of URLS) to the ingested files. When the
metadata and catalog records are placed online, the data files become available.

The interface component is most visible to users. To some, there may
appear to be no difference between the interface and the Library. Interface
functions include tools for indexing, retrieval, and data browsing, tools to

formulate queries by location, time, metadata, and content. Interface utilities to -3

guide image fusion, compression, and filtering are under construction that will
speed data delivery and facilitate exploration of distributed archives,

RESEARCH ISSUES

The Web testbed presents major challenges for system designers. Models
guide the design of some but not all components of a digital library, and issues
related to the nature of geographically referenced data complicate the situation.
For some components (the catalog, the digital objects), models that exist are
only partially sufficient. For other components (particularly the gazetteer and
map browser) important gaps in use protocols must be remedied to enable fully
operational library functions on geospatial data. :

Models for data catalogs include the U.S. MARC Agmorm:n-umnwmuzo

Cataloging) record system in use by the Library of Congress. However, the
MARC record system does not include standard protocols for geographic
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referencing. Protocols for exchanging data and cataloging metadata rﬁ.& been

established in the Spatial Data Transfer Standard (FGDC, 1992), and in _a

successor, the Metadata Content Standard (FGDC, 1995) but n.-omo remain
simultaneously incomplete and cumbersome to apply aooaor__m. 1995a).

- gxtending the classes of catalog queries supportable by ADL to incorporate
content-based searching will require significant extensions to the current
cataloging model. Extending the metadata in the catalog component and the
associated search procedures to support the extended classes of queries provokes

" a similar challenge (Goodchild, 1995b).

The storage component of ADL contains the collection of digital objects.
For the purposes of an operable digital library, a digital object must include the
~biniary representation of the information of interest (the “data”), procedures for

— interpreting/retrieving the data, and a universal object identifier (called an oid).

- An important issue in distributed Internet applications is that mro..o is o:ﬂ..o:nw
no accepted standard for oid’s. There are a number of Eﬁn:wm:.n suggestions
relating, for example, to URx’s of various forms (where the “"x” is an identifier,
locator, or name) (Andreson et al, 1996).

Another problem is that the digital objects in ADL are typically very large.
. For satellite images, a size of 150 MB is pot uncommon and may nxnmnﬁ.n 2 GB.
Spatial image collections are also large. The UCSB Map and NSm.moJ\ Library

- has a collection of over two million air photos in analog form which, when

" scanned at 600 dpi, each require between 25MB and 100MB of storage space,

resulting in a collection whose size exceeds 100 TB. These are preliminary
reasons why collections of such items must inevitably be &mivﬁnn.. Eventu-

: ally, as the library contents increase, the catalog itself should be distributed as

well. Considerations for distributing a catalog include the difficulties faced by

items over bandwidth-limited channels; and the provision of access to distrib-

== uted sets of storage locations (Smith et al, 1996).

The Web environment lacks protocols for map browsing. In particular, the

- ADL must operate within three significant limitations. First, the standard Web

_“page construction language (hypertext mark-up language, or EHZC. lacks
- mechanisms for presenting vector data or entering spatially-indexed informa-~
tion. This is apparent when attempting to define a spatial search region on a

{

-browse map. For example, no Web browsers currently available provide drag-

i and-click “lasso-ing” functions. Such actions are not currently supported by

Web browsers, which immediately send an HTTP request after a single mouse

click. Second, HTTP is a stateless protocol, designed for small, short transac-

tions. By default, after a user completes an HTTP request, neither the client nor

the server maintains any state or “memory” of the transaction. Each request

" appears to the server to be completely new. This statelessness prevents library-
significant activities such as setting user-defined environment parameters,
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retaining a query history, or performing iteratively refined searches. Finally, no
‘Web browser that we know of supports vector data display. This is a serious
issue, since a significant and important portion of spatially-indexed information
collections involve items represented in vector format (Andreson et al 1996).

Lastly, we lack a model of a digital library user. Models of traditional
(physical) library users do not translate directly to a digital library environment,
which is categorically and progressively more than a physical library in elec-

* tronic form. One can manipulate information in a digital library, process and re-
process it, even re-ingest the newly formed information that may result from
such processing. Many aspects of digita! library use have never occurred to
potential users, and this makes it difficult to articulate information needs and
requirements. Metadata needs and requirements are similarly difficult to
identify (Bretherton and Singley, 1994). 'One can build up a profile of ADL
users over time, through transaction logging, videotaping, focus groups, and
semi-structured interviewing, and these types of data are being collected and are
described elsewhere (Buttenfield, 1995; Buttenfield and Kumler, 1996). The
challenge is that as ADL changes in appearance and in functionality, user
evaluation becomes a process of aiming at a moving target. This is not to say
that assessment of user needs is impossible, nor that user evaluation cannot be
accomplished, only that the customary paradigms are not completely adequate.

SUMMARY

The goal of the Alexandria Project is to develop a user-friendly digital
library system that provides a comprehensive range of services to collections of
maps, images, and spatially-referenced information. This paper reports on a
project to design, develop and test a distributed, high-performance digital
library, available on the Internet, in which collections of spatially-indexed
information in digital form is dispersed geographically. The program of
research and development represents a major step towards the evolution of a
distributed digital library supporting both textual and geographically referenced
sources of information. We intend to create library services that are scalable to
the national level. While various technical issues relating to the storage and
content-based access and retrieval of spatial data remain, our long-term goal is
to remove the mainstream library distinction between text and special materials

such as maps and images.

Readers interested in visiting the Alexandria Digital EGBQ or reading
more about the Project may start at the following Web page: http://
alexandria.sdc.ucsb.edu.
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