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DIGITAL LIBRARY SYSTEM

This is a continuation of application Ser. No. 09/184,795
filed Nov. 2, 1998, now U.S. Pat. No. £,002,080.

BACKGROUND OF THE INVENTION

1. Field of the Inventicn

This invention relates to a system for cataloguing, stering,
retrieving, and distributing multimedia data.

2. Background

Increasingly, computer systems are being used to present
multimedia material. Such material is usually in the form of
text, graphics, video, animation, and sound. (Other examples
include beoks, manuscripts, pictures, film, audio
recordings.) Two or more of these data types are usually
combined to form the multimedia data preseated by the
computer system. A computer system that is used 1o present
multimedia material is catled a multimedia system.

The multimedia material must be captured before it can be
used by a multimedia system, For example, some or all of
the multimedia data is in an analog format and must be
converted to digital form before it can be used by a multi-
media system. The multimedia data converted from analog
must be managed. A management facility is needed to
manage and maintain the data. An access capability is
needed to search and rstrieve stored multimedia data. Once
it is retrieved, a distribution facility is needed fo distribute
the dala to a muliimedia system. Thus, a sysiem is needed to
capture, access, manage, and distribute multimedia material.
Such a system is digital library system.

A number of patents that describe software and/or hard-
ware systems are provided below. These systems do not
provide a digital library system that can capture, access,
manage, and distribute multimedia material.

A search system is described in U.S. Pat. No. 5,241,671,
Reed et al., issued on Aug. 31, 1993 relates to a muitimedia
system that includes a database that is comprised of words,
phrases, numbers, letters, maps, charts, pictures, moving
images, animations, and audio information. A search capa-
bility is provided that provides a series of entry paths for
locating information in the database. An entry path allows a
user to enter a search request that consists of a set of valid
terms or stop terms. A stop term Is a termn that exists on a stop
term list and may be the words “the” or “a”, for example.
Valid terms are linked to telated terms using a stem index.
Astem index contains a root term and a set of stems for each
term that 15 related to the root word. For example, the word
leaf is linked to terms “leaves” and “leafing”.

Acrepetitive analysis event system that accesses data using
a time-based number is described in U.S. Pat. No. 5,414,644,
Seaman et al., issued on May 9, 1995, The system uses an
information library that consists of visual data storage and a
textual database for storing written descriptions of the visual
data and a glossary of keywords that identify repetitive
evenls or behavior. A behavioral label is used to define a
behavioral activity, A series of images or video clips are
associated with the behavioral label. A user can retrieve
images by idestifying a smbject, a behavioral activity, or
other type of descriptive text. A chrorological timeline is
used to control the order in which the images are displayed.
That is, the images are displayed in sequential order using
the time-based number.

Amethod for storing and refrieving information that uses
a “three file” concept is described in U.S. Pat No. 3,670,
310, Bharwani et al., issued cn Jun. 13, 1972. This concept
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is so named because it uses three files: an index file, a search
file, and a data file. The index file contains a keyword record
for each keyword. Akeyword is a word that exemplifies the
meaning or value of information. The search file contains a
search record for each data record in the data file. A search
record contains an address for its associated data record in
the data file, the keywords for the data record. Bach keyword
in the search record has an associated link address to another
search record that confains the same keyword. Bharwani
states that it improves on the “three file” concept by: 1) using
an adjustable keyword length in the index file to conserve
space, 2) providing a means for marking items as deleted so
that they can be bypassed, 3) automatically generating
keywords based on field values contained in a data record,
and 4) providing continwous searching even during a data-
base update procedure.

A knowledge based information retrieval system is
described in U.S. Pat. No. 5,404,506, Fujisawa ct al., issucd
on Apr. 4, 1995. The system provides a visual interface for
local searching and a natural language interpreter for global
search. The natural language interpreter is used to infer the
meaning of a noun phrase or a nominal phrase, The inferred
meaning is used o retrieve information.

A system for distributed data from a centralized location
to a remote location is described in U.S. Pat. No. 4,974,149,
Valenti, Nov. 27, 1990. The centralized system generales a
descriptor that describes the data and its source locaticn. The
descriptor may further define when the data is to be
retrieved. The remote systems use the descriptor to retrieve
the data. A preferred embodiment uses the descriptor to
distribute software (j.e., executable and data files).

A system for database retrieval wherein entries in differ-
ent databases are retrieved by a process of matching key
words of the databases is described in U.S Pat. No. 5,210,
868, Shimada et al., issued on May 11, 1993. Examples of
two such databases are a mapping database and a customer
attribute database. A dictionary is used to separate a keyword
from a first database into common and proper noun subparts.
Common and proper noun synonyms are inferred according
to a set of roles. The synonyms are combined using a
combination rule and then compared with keywords in a
second database to generate a final matching result.

A system for assembling documents, or files is disclosed
in U.8. Pat. No. 5,222,236, Potash et al., issued on Jun. 22,
1993. Documenis are stored in a library that is composed of
& series of volumes. A volume is a logical grouping of
documents such as legal documents. A velume Is decom-
pesed into a set of chapters. For example, a chapter within
a “legal documents” volume might contain documenis
related to commercial law. The system further provides a
series of user interface screens that prompt a user for input
that is used to update a data field in a document {(e.g.,
addressee).

A process for creating a search query from a gatural
language query is described in U.S, Pat. No. 5,265,063,
Turtle, issued on Nov. 23, 1993, A database comtains a
plurality of stopwords and phrases. The database is used to
eliminate stopwords from the natural language query. The
remaining words are stermed to their basic roots, or words.
The stemmed words are compared against the database to
identify phrases. The phrases and any remaining stemmed
roots form the search query and are referred to as query
nodes of a query network. The query nodes are also repre-
sentation nodes of a document. A synonym database is used

5 for finding synonyms.

A service for managing hypertext/hypermedia links is
described in U.S. Pat, No. 5,297,249, Bernstein et al., issued
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on Mar. 22, 1994. A Link Manager Services (LMS) com-
ponent provides a universal End Usecr Interface (EUIL)
including menus and dialog hoxes that can be called by an
application program when a link, or marker, is selected by an
application user. The LMS accesses a database that contains
information about markers and their associated “presenters”
(e.g., application or program). In addition, the LMS includes
a viewer capability for viewing and maintaining existing
links and creating new links. The I MS is used at runtime to
generate menus and dialog boxes and manage the hypertext/
hypermedia links,

A system that interconnects audic-video equipment such
as video tape record or video production switcher using one
or more “AV LANs” in U.S, Pat. No. 5,307,456, Mackay,
issued on Apr. 26, 1994. Generic device commands are
communicated over an AV LAN to a device translator. The
device translator translates the generic command into a
device-specific command. The AV LANs ate interconnected
using bridges. The AV LANs can further be used 10 inter-
connect workstations, minicomputers, mamframes and per-
sonal comyputers. The workstations can be used to display
informalion about the resources attached to an AV LAN.

Actext searching systern that inchudes: 1) a morphological
analyzer that generates a set of words that are lexically
related to an input word and that together with the input
word constitute a set of search words and 2) a search engine
for searching an index to detect the occurrence of any of the
search words in the index is described in U.S. Pat. No.
5,369,577, Kadashevich et al,, issued on Nov. 29, 1994, The
merphelogical analyzer includes a recognition engine that
identifies derivational information for a given input word. A
thesaurus database is used to generate a list of synonyms for
the lexically related words. The synonyms and variations of
the synonyms (ie., words formed by adding a suffix to a
synonym) are included in the set of search words. The
system can further be used to expand an input word into
related words by removing suffixes. Further expansion is
accomplished by using the thesaurus database to obtain
synonyms for the related words,

A system for dynamically loading software libraries. A
service requester of an application program sends a request
to a loader module of an application program is described in
US. Pat. No. 5,410,698, Danpeels et al., issued on Apr. 25,
1993, The application’s loader module forwards the request
to a second loader module outside the application program.
The service requester can be a media services manager of a
multicast application program that issues a request ta load a
media service provider lbrary. A global dynamic Toader
receives the request as part of the multicast application
program and forwards it to the global dynamic loader
executable (ie., the second loader module) that loads the
media service provider library.

A method for manipulating video data that allow for the
definition of frames in a string of isochronous data using
frame nnmbers or names is described in U.S. Pat. No.
3,414,808, Williams et al., issued on May 9, 1995. Frames
can be grouped into segments. Frames can be referenced and
operations performed cn frames using the frame definitions.

A method for stering data in data stores at various
locations in a network is described in U.S. Pat. No. 5,442,
771, Filepp et al., issued on Aug. 15, 1995. These locations
can be the user system and network concentrator facilifies
hierarchically located beiween the user systern and the
network host. Data is cached in either a temporary cache
{e.g., RAM) or a variable-content permanent stage {e.g.,
variable-content, fixed disk file). A lsast-recently-used
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approach is used to determine the data that is retained in a
store. In addition, storage candidacy and version control
parameters are used to insure currency if maintained for
time-sensitive data (e.g., news or pricing data).

An image data filing system consisting of a Ebrary for
storing a pluralily of image storage media (e.g., optical
disks), a disk array for storing image data retrieved from the
image storage media, a2 console for entering user
instructions, and an output device for displaying image data
is described in U.S. Pat. No. 5,463,771, Soloyanagi et al.,
issued on Oct. 31, 1995. A control device is used to control
the retrieval and storage operations.

A system for sforing and retrieving digital images is
described in U.S. Pat. No. 5,493,677, Balogh et al., issued on
Feb. 20, 1996. A caption or other metadata can be associated
with a digital image. A natural languags capability removes
ambiguities from the metadata input by a user prior to its
storage. The natural language capabiliiy determines matches
between a user query and the stored metadata. The system
allows a user to select an image, review licensing terms for
the selected image, and order the image.

Atechnique for dynamically eptimizing the processing of
a database query execution plan is described in U.S. Pat. No.
5,495,608, Antoshenkov et al., issued on Feb. 27, 1996, A
decision is made during processing to either retrieve records
using indexed keys or by retrieving all records based on
which approach is optimal.

SUMMARY OF THE INVENTION

The invention is a digital Iibrary system that includes: 1)
a data capture mechanism that includes data trapsfer and
cataloguing mechanisms, 2) an asset management systemn
for accsss and storage management of data, and 3) a
distribution systemn for distributing the data and system
functionality.

A data capture system includes a transfer system and a
cataloguing systemt. The transfer system converts multime-
dia material that exists in analog form to a digital format. In
addition to the data output from the transfer system, the
catzloguing system can also receive texiual data as inpuf.
The cataloguwing system "catalogues the multimedia and
textual data. The cataloguing system creates a catalogue that
can be used to perform content-based searches. A content-
based search reirieves data based on the ideas or concepts
contained in the data. Data is stored by the transfer system
independent of content. The cataloguing systems creates a
catalogue that specifies the content of the data. The cata-
logue includes one or more catalogue elements which can be
complex muliimedia assets. Acomplex multimedia asset can
consist of one or more attribute elements. An attribute
element is an aitribute that can have attributes (i.e., pieces of
information). A catalogue element is associated with a
pertion of multimedia data (e.g., one or mare frames of
video data).

An asset management system is used to access the data
using the catalogue created by the cataloguing system. The
assel management system identifies data having the desired
content. The asset management system includes search tools
to query the catalogue to identify a set of catalogue elements
having attribufes that satisfy a search eriteria. The data
asscciated with the catalogue clements have the desired
content.

The asset management system includes a browser, an
indexing server, an archive server, a tertiary storage
manager, and a method player. Generalized interfaces define
a communication protocol that can be used by any vendor-
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supplied browser, indexing server, archive server, tertiary
storage manager, and/or method player to communicate with
another asset management system component.

Arequest for data is received by a browser, The browser
in combination with the indexing server locates a set of
catalogue elements that satisfy criteria specified in the
request. The set of catalogue elements are sent to an archive
server for retrieval. The archive server maintains an identi-
fication of the location of the multimedia data. Thus, when
a set of catalogue elements is received from the browser, the
archive server can identify the location of the portions of
multimedia data having the desired content (i.e., the portions
of multimedia data associated with the catalogue elements
contained in the set). ’ '

The multimedia data associated with a calalogue element
is zetricved by the archive server im conjunction with a
tertiary storage manager. A terliary storage manager man-
ages a store that contains multimedia data, The system can
consist of multiple instances of tertiary storage manager to
manage each data store. The terilary storage manager can
manage various types of data store. The archive server
identifies the tertiary storage manager that manages the store
containing the requested multimedia data. The tertiary stor-
age manager refrieves the data and transmits the data to a
method player. The methad player prepares the data
(converts the data from MPEG to video format) and trans-
mits the prepared data to the browser. The browser formats
a display region and displays the data in the display region.

A caching mechanism is implemented by the asset man-
agement facility to store retrieved data locally. Preferably,
cache is used to store multimedia data that is being or will
be played on the browser. The asset management facility
locates the data and, if necessary, stores the data in local
cache. Preferably, cache management is supplied by an
instance of tertiary storage manager. The tertiary storage
manager that manages the data denormalizes the data allow-
ing for faster access,

A tertiary storage manager that manages the cache uses a
least recently used (LRU} scheme. Thus, multimedia data
that has the oldest access time is purged to make room for
newly accessed data. The archive server determines whether
the local cache contains the multimedia data associated with
the catalogue elements. If the mullimedia data is nct stered
in local cache, the archive server can query other archive
servers to determine whether the data is stored in a remote
cache. If the archive server cannot find a cached copy of the
data, it will atterpt to retreve the data from permanent
storage (e.g., a tape system).

Adistribution facility can be used to transmit the data thus
giving a user access o all of the data contained in the digital
library system despite the user’s location. Multimedia data
is permanently stored at a centralized location. Multimedia
data that is requested by a user is cached from the centralized
location to the user site. A wide area network can be used to
interconnect user sites with the main site. The WAN can be
used to transmit data that resides at the main site or another
user site o a Tequesting user site. In addition, data can be
iransferred between sites via the Infernet.

Fither a centralized or decentralized distribution architec-
ture can be used with the invention to distribute functionality
(e.g., asset management functionality). In a centralized
architecture, the asset management facility is located at a
ceniralized site. Users conpect to the asset management
facility via the Internet, for example. The catalogue and
muliimedia data are stored at the central site. The catalogus
is accessed at the central, or main site to identify the
requested data. The data is then transmitted to the user via
the Internet.
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In a decentralized architecture, an instance of the asset
maragement system is located at the user’s site. A copy of
the catalogue is resident at the user site. The multimedia data
is permanently stored at a main site with coples of data that
has accessed stored at the user’s site. The local catalogue is
accessed to identify the data requested in a user request. If
a copy of the requested data does not exist at the local site,
a search is made for the data at another site. The search first
examines the cache at the other sites. If the data cannot be
found in cache at the local or another site. The local site
accesses the main site to retrieve the requested data. A
vehicle such as a WAN or the Internet can be used to
transmit the data between sites.

The asset management system can include various access
levels (ie., simple 10 complex) each of which is associated
with a level of interface to access the data based on the type
of audience. The audience can be an individual or a group of
people, for example. At the complex access level, the
audience must be able to understand the catalogue structure
(i.c., catalogne element and associated atiributes and
attribute elements).

At a programmer’s level, an interface consisting of Iow-
level software routines are available to query the catalogue
and its associated attributes and attribute elements. The
low-level software routines can be used to create a higher
level of abstraction of objects. These objects can become
selectable elements in a graphical user interface (GUT) for a
development tool that can be used to create a higher-level
interface, The GUI can include a drag and drop capability to
create a GUI and associate GUI objects to objects that
supply functionality (e.g., objects contained in a higher-level
interface.)

A development tool can be used to create a browser, for
example. A browser can include the ability to view instances
confained in a catalogue and its associated afiributes and
attribute elements. The user can create a query by dragging
these instances Into a search box and specifying conjunction
information {e.g., “and™ or “or).

At the simplest access level, predefined sets are created
and stored for viewing by individuals using a single video
viewing station or in a virtmal reality environment or video
display kiosks for viewing by groups of people.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides an example of a general purpose com-
puter to be used with the present invention.

FIG. 2 provides a block overview of the data capture and
interface subsystems according to an embodiment of the
present mvention.

FIG. 3 provides a block overview of the data distribution
subsystem according to an embodiment of the present inven-
tion.

FIG. 4 provides a process flow for cache management and
refrieval according to an embodiment of the invention.

FIG. 5 providss a data retrieval into cache process flow
according to an embodiment of the invention.

FIG. 6 provides examples of access levels and audiences
that can be accommodated by interfaces provided by an
asset management system according to an embodiment of
the invention.

FIG. 7A provides an example of catalogue and attribute
elements and their attributes according to an embodiment of
the iovention.

FIG. 7B illustrates relationships formed between the
elements identified in FIG. 7A according to an embodiment
of the invention.
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FIG. 7C provides an illustration of instances of keyword
710 and a plurality of associated Iabel attributes according to
an embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTIGN

A digital libraty system is described. In the following
description, mumerous specific delails are set forth in order
o provide a more thorough description of the present
invention. It will be apparent, however, to one skilled in the
art, that the present invention may be practiced without these
specific details. In other instances, well-known features have
not been described in detail so as mot to obscure the
nvention.

An embodiment of the inventicno can be implemented as
computer software in the form of computer readable pro-
gram code executed on a general purpose computer such as
illusirated in FIG. 1. A keyboard 110 and mouse 111 are
coupled to a bidirectional system bus 118. The keyboard and
mouse are for introducing user input to the computer system
and communicating that user input to central processing unit
(CPU) 113. Other suitable input devices may be used in
addition to, or in place of, the mouse 111 and keyboard 110,
I/O (input/output) unit 119 coupled to bi-directional system
bus 118 represents such I/O elements as a printer, network
communications card, modem, A/V (audiofvideo) I/0, ctc.

The computer system of FIG. 1 also includes a video
memory 114, main memory 115 and mass storage 112, all
coupled to bi-directional system bus 118 along with key-
board 110, mouse 111 and CPU 113. The mass storage 112
may include both fixed and removable media, such as
magnetic, optical or magnetic optical storage systems or any
other available mass storage technology. Bus 118 may
contain, for example, thirty-two address lines for addressing
video memory 114 or main memory 115. The system bus
118 also includes, for example, a 32-bit data bus for trans-
ferring data between and among the components, such as
CPU 113, main memory 115, video memory 114 and mass
storage 112, Alternatively, multiplex data/address lines may
be used instead of separate data and address lines.

In one embodiment of the invention, the CPU 113 is a
microprocessor manufactured by Motorcla, such as the
680X0 processor or a microprocessor manufactured by Intel,
such as the 80X86, or Pentium processor, or a SPARC
microprocessor from Sun Microsystems. However, any
other suitable microprocessor or microcomputer may be
utilized. Main memory 115 is comprised of dynamic random
access memory (DRAM). Video memory 114 is a dual-
ported video random access memaory. One port of the video
memory 114 is coupled to video amplifier 116. The video
amplifier 116 is used te drive the cathode ray tube {CRT)
raster monitor 117. Video amplitier 116 is well known in the
art and may be implemented by any suitable apparatus. This
circuitry converts pixel data stored in video memory 114 to
a raster signal suitable for use by monitor 117. Monitor 117
is a type of monitor suitable for displaying graphic images.

The computer system described above is for purposes of
example only. An embodiment of the invention may be
implemented in any type of computer system or program-
ming of processing environment.

The invention is a digital library system that includes: 1)
a data capture mechanism that includes data transfer and
cataloguing mechapisms, 2) an asset management systern
for access and storage management of date, and 3) a
distribution system for distributing the data and system
functionality.
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The data capture system captures multimedia data in
whatever format (e.g., analog or digital) and stores it n
permanent storage independent of its content. An asset
management system uses a content specification to identify
data captured by the transfer system to satisfy a data request.
FIG. 2 provides a block overview of the data capture and
assel management systems according to an embodiment of
the present invention.

Data Capturs

The data capture system includes a transfer system and a
cataloguing system. The transfer system converts multime-
dia data from analog to digital format. The cataloguing
system catalognes the multimedia data output from the
transfer system as well as textual input.

TFransfer System

Referring to FIG. 2, multimedia data 250 is input to
transfer system 246 ie data capture subsystemn 234, Multi-
media data 230 is video and/or audio data, for example.
Transfer system 246 consists of one or more transfer sta-
tions. A system comprised of multiple transfer stations with
an interface is available from Electrasonics, Los Angeles,
Culifornia. Each transfer station is capable of taking analog
input such as a videotape and converting it into multiple
types of output.

The conversion capabilities of transfer system 246 can be
used to convert analog data for uss with the invention. For
example, multimedia data 250 is convezted by transfer
system 246 to Digita] Betacam version 258. Digital Betacam
version 258 13 sent to long term storage 260 for preservation.
A timecoded VHS version 256 is also created from multi-
media data 250 and sent to cataloguing systemn 240. MPEG
version 252 is also created from multimedia data 250.
MPEG is a digital data format used to store video data in a
compressed form.

An MPEG version of the analog input (multimedia data
252) is sent to non-line storage 242 via a network that
mnterconnects transfer system 246 and a computer system
including non-line storage 242. For example, non-line stor-
age 1s an B-MASS fape system. The MPEG version can be
transmitted over the network using the File Transfer Proto-
col (FTP), for example.

Dala is sent to storage by transfer system 246 independent
of its content. For example, MPEG version 252 is stored in
non-line sterage 242 without the need to defermine its
content. The cataloguing system creates a catalogue that can
be used to perform content-based searches. A content-based
search retrieves data based on the ideas or concepts con-
tained in the data.

Catalopuing System

Cataloguing system 240 catalogues multimedia data ioput
{e.g., timecoded VHS 256) received from transfer system
246 and other data 254 that includes data in the form of text.
A catalogue is generated by cataloguing system 240. The
catalogue created by cataloguing system 240 is stored in

5 indexing server 216.

The catalegue includes one or more catalogue elements
which can be a complex multimedia asset. A complex
multimedia asset can consist of one or more attribute ele-
ments. An atiribute element is an attribute that can have
attributes. An attribute is a piece of information. A catalogue
element is associated with a portion of multimedia data (¢.g.,
one or mare frames of video data). The result of a search
operation performed by the browser identifies a set of
catalogue elements that can satisfy a search request. Each
catalogue element has an associated ID (e.g., an integer ID)
that umiquely identifles the catalogue element. A set of [Ds
that represent the set of catalogne slements identified in a
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