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Abstract

Large multimedia data bases become feasi-
ble due to recent advances in hardware technol-
ogy A very important component of multimedia
data base management systems will be the
presentation manager which will be responsible
for effective multimedia presentation and brows-
ing on the screen of workstations

In this paper we present the functions pro-
vided for multimedia presentation and browsing
m MINOS, a multimedia information system
The presentation and browsing capabilities pro-
vided make effective use of the capabilities of a
modern workstation to increase the man-machine
communication bandwidth We regard voice as
an 1mportant means of communication Sym-
metric capabilities for text and voice browsing
are provided

1. Introduction

Data base management systems have been
very successful in the commercial world for han-
dling formatted data New opportumties for
data base mangement companies and researchers
emerge 1n apphcation environments which require
unformatted data such as text, voice, and 1mages
[Chrnistodoulakis 85a)] These apphcation environ-
ments become 1mportant as result of recent
advances i the hardware technology
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Affortable, powerful workstations appeared m
the market They have or will soon have enough
processing power to meet the very demanding
CPU processing requirements of unformatted
data They offer high resolution display devices
appropriate for demanding 1mage processing
applications Optical disks with huge storage
capacities become reality They will be appropn-
ate for storing text, digitized voice and digitized
images Very high bandwidth communication
links become avallable These advances m tech-
nology make 1t possible to develop very large,
computer based, data banks of unformatted
mformation

Traditional data base management
research and systems did not pay much attention
on data presentation and browsing The major
effort was concentrated on efficient management
of data on secondary storage devices, Enghsh
keyword  specification  and manipulation
languages, concurrency control, correctness and
security of data Methods for formation and
presentation of text maimly data have been
developed in the context of editors formatters,
but they are mamly orented towards producing
documents on a paper output device

In the near future very large information
banks will exist possibly utihzing optical disk
devices Two very important problems will be
how to find the desired nformation within
volumes of loosly structured and largely unre-
lated information, and how to view 1t effectively
In this environment it 1s not easy for the user to
specify precisely what he wants to see or not see
The process of 1dentifying the relevant sigmficant
information and absorbing this imformation 1s
slow and difficult Very powerful presentation
and browsing facilities are required m order to
increase the communication bandundth between



usger and machine It 1s our thesis that the data
presentation manager will be a very important
component which will contribute towards this
objective mn future multimedia data base systems

Voice will be a very important way of com-
munication with future computer systems It
allows people that are not famihar with typing or
they are not fast typers such as doctors or
managers to efficiently enter information in some
data bank It also allows users to access informa-
tion using telephones In the future :n formation
wnll be mostly generated, lwe, and die, within
the computer system The paper document will
not be the principal way of communicating infor-
mation Voice information may acquire legal sig-
nificance In such an environment voice and text
present just two alternative ways of representing
mmformation The mformation system should
offer symmetric capabilitzes for entering,
presenting, and browsing through voice or text

In this paper we describe the presentation
manager of MINOS, a multimedia information
system under development Multimedia informa-
tion 1n MINOS 1s composed of attributes, text,
voice and image data The presentation manager
provides functions for effective multimedia nfor-
mation presentation and browsing The presen-
tation and browsing capabilities which are pro-
vided are much more powerful than these pro-
vided by paper documents In addition the
presentation manager presents a symmetric func-
tionahty for presentation of text and voice infor-
mation It 15 our objective to define a set of
presentation and browsing primtives which will
be powerful enough to handle a wide class of
apphcations which require multimedia informa-
tion

In Section 2 we describe the primitives pro-
vided in MINOS for multimedia presentation and
browsing In Section 3 we describe how these
facihties can be used n various environments
which utihze multimedia information We use
the facilities mmplemented m MINOS to demon-
strate how these primitives can be combmed for
an effective presentation and browsing in various
application environments In Section 4 we
describe the way that multimedia information 1s
created and combmed to form multimedia
objects In Secton 5 we discuss architectural and
implementation issues Finally in Section 6 we
describe summary conclusions and related work
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2.

Symmetric Multimedia in

INOS

Objects

In this section we describe the multimedia
iy I s RATATAAO Fa N I a .
opjects 1 vitiNUDS, tneir primitive components,
and the presentation capabilities associated with
them We emphasize the need for symmetric
presentation capabilities for text-driven and
voice-driven objects, since text and voice may be
used interchangeably to describe the same infor-
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from potential application environments where
these presentation primitives may be useful We
used the presentation facilities of MINOS to

create these examples
The umt of information in MINOS 15 a

multimedia object Multimedia objects may be
composed of attributes, an object text part (col-
lection of text segments) an object voice part
(collection of voice segments), and an object
tmage part (collection of images) A umque
object identifier 15 associated with each mul-
timedia object Multimedia objects may be
related to other multimedia objects Information
about the related objects 1s kept within the
object 1itself Multimedia objects may be in an
editing state or 1n an archived state Objects 1n
an editing state are allowed to be modified
Objects 1n the archived state are not allowed to
be modified The presentation and browsing
capabihities described 1n this paper are applicable
to multimedia objects which are in the archived
state Each multimedia object has information
stored within 1t which describes how 1ts various
parts are interrelated This information 1s used
for presentation and browsing The presentation
and browsing functions which are available for
each multimedia object depend on the object
itself and they are presented in the form of menu
options

Text and voice may be used interchange-
ably to describe the same mformation More-
over, they are both one-dimensional in nature
We would lhke to provide the interactive user
with the same capabilities for browsing through
mformation described with text or with voice
Images on the other hand are two-dimensional n
nature A different set of browsing primitives is
required

Browsing facilities for text and voice in
MINOS may utiize the presentation form of
text or voice, the logical components of text or
voice, or pattern matching primitives



In speech different emphasis and meaning
1s expressed by a speaker by employing various
methods such as increased loudness, different
intonations, length of pause between words, etc
In text the same emphasis and meaning aspects
are expressed by some special symbols (!, ?, ,) as
well as by some conventions such as underhned
words, tilted words, bold tones, etc Text presen-
tation will have to support such mechanisms
MINOS supports text presentation facilities simi-
lar to those that are provided by text formatters

The presentation form of text 1s subdivided
mnto text pages A text page 1s all the text mfor-
mation which 1s presented at the same time at
the screen of the workstation Often text s inter-
mixed with images 1 the same page We call
these generic pages visual pages When a user
browses within text (in a paper document or
the workstation) he typically has an abstract idea
on how far within the text he wants to look next,
and based on that he estimates how may pages
he should advance

The page concept 1s required in voice m
order to achieve the same effect Audio pages
(or votce pages) in a speech are consecutive par-
titions of the audio object part which are of
approximately constant time length The user
can advance several voice pages at a time
order to find some relevant information A differ-
ence that we would hke to accept 1s that speech
1s not interrupted at the end of each voice page
In contrast, visual pages are not turned automat-
ically, but only with the explicit selection of a
menu option The reason 1s that the time
required for reading a text page 1s different from
user to user

Visual page browsing capabilities allow the
user to move to next page, previous page,
advance a number of pages forth and back, or
find a page with a given page number Voice
browsing capabilities allow the user to terrupt
the voice output, resume the voice output from
the current position, resume the voice output
from the beginning of the current voice page, as
well as to browse between pages mn a similar
fashion with text browsing (e g next page, previ-
ous page, etc )

A difference between reading text and
hearing voice i1s that text pages present a cache
of information to the user The user can read
twice the same word, sentence, or paragraph if
he did not understand its meaning He can even
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look at a previous paragraph in the same page i
order to understand better what he 1s reading A
similar facility i voice would allow the user to
mterrupt the speech, and then use instructions
such as previous word, previous sentence, previ-
ous paragraph, etc

It 1s however very difficult to provide such
a facihty automatically Detecting word boun-
daries, end of sentences, and end of paragraphs
automatically from digitized voice (unhmted
vocabulary) 1s very difficult (at least with the
current and near future voice recogmtion and
AT technology) Moreover, the user himself may
not be absolutely sure about paragraph or sen-
tence boundaries 1n umnterrupted speech The
short pause and long pause options are provided
m MINOS in order to achieve a ssmilar capabil-
ity Pause 1s a segment of digitized voice which
does not contamn any sound (in practice the
mtensity of the registered sound 1s very small)
The user may specify that the audio 1s replayed
starting from a number of short or long pauses
back from the current position

The length of the short pause roughly
corresponds to the average length of a pause
between word boundaries, while the length of the
long pause roughly corresponds to the length of a
pause between paragraphs The exact timing for
short, and long pauses depends on the speaker
and the section of the speech It 15 decided from
the current context by samplng Of course
there 1s no guarantee that these mechanisms will
match word boundaries and paragraph boun-
daries respectively The user may however recall
any long recent pauses from the cash of mforma-
tion 1n his memory, and the combination of those
two facilities provide a form of browsing near the
current context which 1s always available to the
user, independently on the degree of manual edit-
ing that may or may not have been done on the
volice mput

A text segment of a multimedia object 1n
MINOS may be logically subdivided imnto title,
abstract, chapters, and re ferences Each chapter
15 subdivided mmto sections, sections mto para-
graphs, paragraphs into sentences and sentences
mto words For objects which have been gen-
erated interactively 1n a given environment, these
subdivisions can be easily i1dentified by the tags
that the user inserts in order to format the text



A voice segment of a multimedia object 1n
MINOS may also be subdivided into logical com-
ponents as 1n text Browsing capabihities in text
or 1n voice allow the user to see or hear the page
with the next or previous start of a logical umt
(such as chapter, section, etc )

The logical components of voice may be
manually i1dentified at the time of the insertion
by pressing the appropriate buttons (or at some
later pomnt in time) When the logical com-
ponents are 1dentified at msertion time the speed
with which the user can insert information m the
computer 1s reduced, and in addition the user’s
hands become occupied with the buttons It may
not be desirable to manually edit all mncoming
mformation

Some information 18 clearly more important
than other and 1t may deserve to be edited if this
15 gomng to faciitate other users when they
browse on 1t Some other information may not
be as mmportant The degree of desired editing
varies according to the importance of informa-
tion For example, in a certain object, only 1den-
tification of chapters may be desirable In
another, 1dentification of chapters and sections
and paragraphs may be desirable A similar
situation arises mn text imformation when this
mformation has been imnserted by means of an
1mage capturing capability (as a collection of bit-
maps of pages)

The logical browsing options that are avail-
able to the user in MINOS depend on the object
(e g what logical umits have been 1dentified for
the object) The menu options which are
displayed define the set of available operations
(e g next chapter, etc )

The third type of browsing on text and
voice information 15 based on pattern matching
A user types a text pattern or speaks a voice
pattern which 1s recogmzed, and the system
returns the next page with the occurrence of this
pattern n the object’s text or voice Voice
recogmition 1s not taking place at the time of
browsing Instead, some voice segments have
been recognized at the time of voice msertion, or
at machme’s 1dle time, from the digitized voice
The recognmized voice segments are used to pro-
vide content addressibiity and browsing by using
the same access methods as i text Again, the
extend to which this capability will be used wll
depend on the importance of the particular
object Two aspects are of mterest First, voice
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recognition (even hmitted) is used to reduce (or
ehminate) the need for manual indexing which
would be necessary for both, retrieving objects
based on content as well as for browsing within a
particular object Second, recognized uterences
are associated with a particular pomnt of the
object voice part in order to facilitate browsing
within an object

Each multimedia object has a driving mode
associated with it The driving mode 1s the prin-
cipal way of presenting the information in the
object, and 1t can be either wtsual or audio
Visual mode objects have a principal presenta-
tion form which 1s based on visual pages The
"next page” command for visual mode objects
always imples the next page of visual informa-
tion (text or images) The same 1s true with all
the remaining page browsing commands

Audio mode objects have a principal
presentation form which 18 based on audio pages
Next page 1n those objects imphes the next audio
page The reason for enforcing a driving mode
for each multimedia object 1s so that the users do
not become confused trymmg to navigate mm two
different media at the same time

Voice logical messages are unstructured
audio segments (typically short) They can be
attached to either visual mode objects or audio
mode objects When attached to visual mode
objects they may be associated with text seg-
ments or mmages (Text 1s hnear Two pomts
identify the beginning and the end of a text seg-
ment The two pomts may comncide) When
attached to audio mode objects they may be
associated with voice segments or with particular
pomnts within the object voice part The seman-
tics are that the voice logical message will be
played when the user first branches imnto the
corresponding segments during browsmmg In the
case of audio mode objects the logical voice mes-
sage 1s played before the voice of the related seg-
ment Voice logical messages may be attached to
overlapping text segments or images

Visual logical messages are short (at most
one visual page long) segments of visual mforma-
tion (text and/or images) They are unstruc-
tured 1n the sense that they are always displayed
i the same page of the presentation form (top
part) They can be attached to either audio
mode objects or visual mode objects as mn the
case of audio logical messages When attached to
audio mode objects the semantics are that the



visual logical message will stay on display for the
duration of the play of each voice segment to
which 1t 18 attached The semantics when they
are attached to audio mode objects are that the
logical message 1s displayed at the upper part of
the screen while the lower part of the screen 1s
devoted to the display of parts of the related
visual segment When the user turns pages
another part of the related segment is displayed
m the lower part of the page while the visual log-
1cal message keeps being displayed at the top of
the page The user has the option to specify that
the visual logical message 15 displayed only once
whenever the user branches during browsmng
from a non-related segment at any position
within a related segment

Relevant objects are objects which contan
mmformation related to the information which
exists 1 a section of a given (parent) object
Relevant objects are independent multimedia
objects (e g they have existence by themselves)
In contrast to voice logical messages and visual
logical messages which have only existence as a
part of a multimedia object An object may
have several relevant objects (including itself),
each one having some information related to a
part of the parent object The user does not
automatically see the relevant objects (in con-
trast to logical messages)

A relevant object indicator which 1s
displayed on the screen of the workstation indi-
cates the existence of a relevant object The
user can browse through a relevant object by
expheitly selecting the relevant object indicator
using the mouse The driving mode of the
relevant object may be different than the driving
mode of the parent object The user can browse
through the information of the relevant object by
using the driving mode of the relevant object
He can return back to the parent object by expl-
aitly selecting the return from relevant object
mdicator At this point the mode of browsing of
the parent object 1s reestablished

Browsing within a relevant object can be
done by using the menu options for browsing
through a multimedia object as we described
before, or by using relevances Relevances are
sections of text or voice or parts of images of the
relevant object which are related to the content
of the particular section of the parent object
Relevances to text sections are indicated graphi-
cally with beginning and end mdicators
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Relevances to images are indicated by closed
polygons displayed at the top of the image
Relevances to voice segments are indicated by
the fact that the voice segment 1s played
mdependently (A menu option has to be
selected 1n order to hear the next related voice
segment)

Transparencies are visual pages which
allow the user to see the previous visual page
displayed on the screen of the workstation A
transparency set 18 an ordered set of consecutive
transparencies The multimedia object designer
may specify one of two different ways for
displaying the transparencies of a set The first
method 1s by displaying every transparency on
the top of one another (and on the top of the last
page before the transparency set) The second
method 1s by displaying every transparency of
the set separately, on the top of the last page
before the transparency set The user may alter
the presentation order specified by the document
designer and he may choose to see certan tran-
sparencies of the set only projected at the same
time He can do that by displaymg the tran-
sparencies independently (using the second
method above) and selecting the ones that he
wants to see superimposed

Transparencies are typically very useful for
displaying mmformation on the top of images
They are also useful for displaying mmformation
on the top of text imnformation, such as an alter-
native set of values for some measurements of an
experiment for example We could not however
find reahstic examples to justify the use of a
similar mechanism on the top of voice pages

Images m MINOS may be bitmaps or
graphics Images with graphics contamn graphscs
objects such as pomts, polygons, polylines, circles,
etc Graphics objects may have a label associ-
ated with them A label 15 some short informa-
tion about the object The presentation form of
a label may be inuviatble, text label, or vosce label
Text label 1s a short prece of text which 1s associ-
ated with a graphics object, and voice label 1s a
short piece of voice which 1s associated with a
graphics object Text labels are displayed near
the graphics object, at a designer’s specified posi-
tion A wvosce label sndication 1s also displayed
near a graphics object with a voice label (at a
designer specified position) Invisible labels may
be text labels or voice labels which do not display
any Information about their existence by default



Voice labels are not played automatically
This 18 not incompatible with the text labels
because the fact that the text 1s displayed on an
1mmage 1t does not imply that the user reads it
(even if he browses through the image) The
user reads some textual mnformation only when
he focuses on 1t This act 15 ssmulated for voice
labels by selecting the appropriate voice indicator
using the mouse The user may also request that
all voice labels are played, in which case the sys-
tem plays them in a system defined order

Labels may be used to identify the
corresponding objects in an 1mage The user can
specify a pattern and request that the objects m
which this pattern appears within their label are
highhghted This faciity 1s useful for browsing
through large images with many objects on them,
such as a road map The inverse facility 1s also
provided the user can select an object using the
mouse and the system plays or displays the label
associated with the object

Images are two-dimensional in nature In
very large images the user may want to see a
small portion of the image (window) at a time
He can use this window to browse through the
immage The system will only retrieve the relevant
data A view s a rectangle overlaid on an image
The portion of the image which 1s enclosed by
the rectangle 18 presented mnto the display of the
workstation so that 1t utiizes a major part of the
area of the screen which 1s used for display The
view can be moved at the top of the image using
menu options and the mouse If the voice option
has been turned on the system plays the voice
labels which are encountered as the view moves
Non-contiguous moves (jumps) of the view can
also be specified by choosing menu options The
dimensions of the view can be shrunk or
expanded by small quantities at a time by select-
mg the appropriate menu options and defimng
the size of the new rectangle with respect to the
old size When the size mncreases new labels may
be played

View definition can be done on the top of a
representation of the image A representation of
the 1mage 1s an 1mage 1itself, where only a high
level representation of the content of the image
are presented 1 positions which correspond to
the actual positions of the objects of the 1mage (a
mimature) The representation of the image 1s
much smaller than the image itself, and thus 1t 1s
easily transferable to mamm memory and
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projected on the display When a view 1s defined
on the representation image the system has to
transfer only the data of the view 1 mam
memory and not the whole image as mn the case
that a user retrieves all the data of the image
and then he zooms to the desired data The sys-
tem exphcitly indicates that an 1mage 15 a
representation, and the menu options displayed
when a representation 18 shown allow for the
definition of a view and the retrieval of the
related data from the image

A tour 1s a sequence of views defined on an
mmage by the multimedia object designer The
sequence 1s played automatically (the user does
not need to press the next page button) A tour
1S defined by a rectangle and a sequence of ponts
indicating the position of the rectangle on the
large 1mage or on a representation of 1t A logi-
cal message (visual or audio) may be associated
with each position of the tour The user may
mterrupt the tour and move the window all
round mn order to navigate through other posi-
tions of the image

An overuwrite 1s a visual page with an 1mage
which contamns a number of bitmaps or graphics
objects (possibly shaded) When the overwrite
page 1s turned, the bitmaps, lines, and shades of
the overwrite 1mage replace whatever existed 1n
the previous page but they leave anything else
mtact

Process ssmulation 15 an ordered set of
consecutive visual pages which 1s displayed one
after the other automatically (without pressing
the next page button) Logical messages may be
attached to each page When audio messages are
attached the next visual page is only shown after
the logical audio message has been played The
relative speed by which pages are placed one on
the top of another 1s set at object creation time
but 1t may be altered by the user The
automatic page change may be used to give the
immpression of a contiguous move or change, thus
simulating a process.

3. Application Environments

In this section we describe how some of the
presentation capabilities that we defined i the
previous section could be used mn various mul-
timedia data base environments We also present
some examples from these environments using
the facilities of MINOS
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Figures 1 and 2: Visual pages with text, graphics and bitmaps in MINOS.
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As we mentioned i the previous section,
MINOS provides presentation capabilities for
text simlar to those found n traditional text for-
matters Such capabihities for example allow for
various character fonts, letter sizes, paragraph-
g, indenting, etc Typical documents that cir-
culate 1n offices are a special case of the mul-
timedia objects of MINOS

Complex 1mages with bitmaps, graphics,
and text information can be imteractively gen-
erated and integrated i the presentation from of
an object Figures (1), and (2) show visual pages
of multimedia objects with text, graphics and bit-
maps on them In the rght hand side of the
screen some menu options displayed are shown
These menu options allow the user to browse
through the visual pages in the vanous ways that
we described 1n the previous section

Paper form documents of an office are only
a limited special form of multimedia information
In the future, complex multimedia objects will be
created, hve and die within computer systems
The presentation form of these objects need not
be restricted by the hmtations of the paper
form Innovative presentation capabilities n
MINOS include audio mode objects, logical mes-
sages, transparencies, relationships, tours, process
simulation and complex image presentation capa-
bilities

Audio mode objects can be used together
with visual logical messages to describe the same
mformation which can be described by objects
composed of text and 1mages Consider for exam-
ple a doctor who wants to file information about
his observations on an x-ray of a patient He
may find 1t easier to msert this information as an
audio mode object (Doctors are notoriously bad
typers') The x-ray can be attached as a logical
visual message to the section of the voice object
part which relates to the x-ray At presentation,
the x-ray will only appear on the screen of the
workstation during the related section of the
speech In addition, if the user during his brows-
mng branches at some section of the speech which
relates to the x-ray, the x-ray will automatically
be displayed In the previous example all the
voice mformation which was related to a particu-
lar image was played while the image was
displayed 1n the screen of the workstation This
way the user could see the image while he was
hearmg the observations about the contents of
the 1mages
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A symmetric functionality can be achieved
for visual mode objects by attaching visual logi-
cal messages to sections of a visual mode object
For example the visual logical message could be
the x-ray which 1s displayed by default on the
upper part of the screen The lower part of the
screen can be used for displaying the related text
information which contamns the observations of
the doctor A user (presumably the doctor him-
self or other doctors at some other point in time)
can browse through the related text by keeping
contmnuously the x-ray mn front of him This way
he will not have to turn forth and back the
visual pages i order to associate the meaning
expressed mn the text with the contents of the
image (as 1s usually the case with paper docu-
ments) The x-ray bitmap 1s only stored once
within the multimedia object

An example of visual logical messages on a
visual mode object 18 shown mn figures 3 and 4
In this example the text to which the image
(visual logical message) relates does not fit mn the
lower part of a single visual page When the user
selects the next page button a new section of
related text replaces the first Three pages are
needed mm this particular example to fit all the
related text The final page 1s only partially
filled Selecting the next page button at this
pomnt will result in the display of a new visual
page which does not contain the image

Transparencies and transparency sets are
useful 1n many application environments In an
office fiing environment transparencies may be
used to create multimedia documents which
simulate the act of an active speaker who super-
imposes transparencies m order to interrelate
mformation (for example compare values of an
experiment or curves indicating some results pro-
jected on the same axes) Logical voice messages
may be associated with each transparency to
simulate this act This 18 a much more effective
way of presentation of mformation than just
reading sequential text The result may be
mcreased man-machine communication
bandwidth This capabihity 1s also desirable for
future, computer resident, textbooks

In a medical mformation system environ-
ment a doctor can use this capability to file an
observation made on an x-ray In an audio mode
object the x-ray (typically a large bitmap) will be
a logical visual message associated to a segment
of voice Transparencies which are also logical
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Figures 5 and 6: Application of the transparency capability of MINOS

in a medical information system equipment. Transparencies may be super—
mposed on the top of a bitmap as the user presses the next page button.
Each transparency contains some graphics information (circle) to identify
a section on the x-ray, and some text information related to it.
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visual messages can be used to pmpont particu-
lar areas within the x-ray that relates to some
subsection of the speech

A symmetric capabihity can be achieved in
visual mode objects by superimposing tran-
sparencies which contain a polygon or a circle to
identity an area of interest on the x-ray, as well
as some related observations in a text form which
are displayed under the image This example 1s
shown in figures 5 and 6

Relationships between objects (in terms of
relevant objects and relevancies) provide a
powerful means of browsing within the same
object or navigating between multimedia objects
which contain some related information One
mmportant use 15 to allow the user to browse
through related information which has been
mserted 1nto the computer system using various
modes (e g primanly visual or primarily audio)
The presentation manager requires the expheit
selection of a relevant object indicator mn order
to allow the user to browse through an object of
possibly different mode He can return back to
the origmal object by explicitely selecting a
return from relevant object indicator These
actions are enforced in order to keep the user
confident on where he 18 and what he does at
each pomnt in time

Relevancies are useful 1n many applications
i order to display information which is relevant
to a particular section of the objects Consider
for example a set of 1mages describing an
engineering design m various levels of descrip-
tion One object mn a level of description (1mage)
may correspond to one or more objects 1n a dif-
ferent level of description The user may want
to 1dentafy the corresponding objects This facil-
ity can be easlly provided by associating a
relevant object indicator with the object When
the mdicator 1s selected the related image 1s
displayed and a set of polygons projected on 1t
1dentifying all the corresponding objects

Relevant objects provide also an easy way
to 1dentaify and correlate interesting information
within a larger repository of information A set
of options each of which 15 associated with a
relevant object can be displayed By selecting
one of them the user focuses only to what he 1s
mterested from a larger volume of data Figures
7 and 8 show an example A subway map for a
city 1s projected on the screen together with
some options and relevant object indicators By
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selecting one of these options the user can see for
example the sites of a umversity (figure 7) or the
locations of the hospitals of a city (figure 8) In
this example the related objects are just tran-
sparencies which are superimposed on the sub-
way map

Views facilitate retrieval of pieces of infor-
mation from very large images without retrieving
the whole image This faciity 15 useful for
retrieving imformation from very large images
contamning engwneering designs (CAD/CAM) or
for retrieval of information from large bitmaps
Tours facihitate the automatic movement of a
wimdow within a map If logical voice 1s associ-
ated with each of the views the overall effect 1s
to simulate a guided tour through various sec-
tions of the map This facility 1s useful 1n tourst
information systems for example

Associating labels with objects 1s useful for
locating objects within a larger immage (as well as
for enhancing content addressibithty and brows-
ing capabihities) Such facilities for example may
be found desirable 1n real estate data bases, tour-
1st information data bases, city maps, and large
engineering designs

Process simulation provides means for
non-programmer multimedia object designers to
simulate a process This 1s done by having the
system automatically turning pages at a defined
speed Each new page could be a new image or a
transparency or an overwrite The new page
may have a logical voice message associated with
1t

Examples of applications are many It pro-
vides an easy way to “program’’ some forms of
animation which could be easily used by non pro-
grammer multimedia object designers It can be
used to explamn a comphcated installation process
i a manual It could be used to explamn a fac-
tory process to new employees or visitors It
could be useful to explain the evolution of a bat-
tle in tourist mmformation systems or textbooks
Finally 1n a medical information system 1t could
be used to simulate the propagation of some
medicine or disease through the human body

Figures 9 and 10 show an example where a
process simulation 1s used 1n order to describe a
walk through a part of a city and explain the
various sites seen It 1s done with a single 1mage
and overwrites on the top of it The overwrites
have logical voice messages associated with them
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4, Multimedia Object Formation in MINOS

There 1s a number of editors m MINOS
These editors are responsible for the interactive
generation and editing of text, image and voice
data We will not describe m detail their opera-
tion 1 here Therr functionality 1s similar to
other editors described 1n the hiterature

The data interrelationships that are useful
for multimedia object presentation and browsing
are encoded within the multimedia object
descriptor The presentation manager uses the
descriptor 1n order to navigate through various
parts of an object during browsing

The multimedia object formatter 1s respon-
sible for the creation of the multimedia object
descriptor The formatter 1s declarative and
mteractive  Declarative formatters emphasize
more the logical structure of the object instead
of how to do the formatting Interactive for-
matters allow the user to see immediately the
result of local changes m the formatting com-
mands

The archived objects are composed of the
object descriptor concatenated with the composi-
tion file The composition file 1s the concatena-
tion of several data files each one of which con-
tams a certamn part of the multimedia object
(text parts, 1mages, etc) The object descriptor
mdicates how these parts are presented in the
physical object In the case of archived or
mailed within the orgamzation objects the object
descriptor may also have pomters to other loca-
tions within the object archiver so that data
duplication 18 avoided

Multimedia objects in the editsng state are
composed of a set of files within a multimedia
object file The multimedia object file 15 a set of
files orgamzed within a directory which has the
name of the multimedia object This set of files
contaimns a synthesis-file, the object descriptor, a
composition-file, a data-directory file, and a set
of data files which contain various pieces of the
multimedia object which 1s to be created (text,
1mages, voice, etc )

The data directory file contains informa-
tion about the various data files as well as about
data 1n the archiver that have been extracted
but not copied Such information is the name,
type, location, length, and status of data The
status mformation describes if the data n a par-
ticular file 15 mn 1ts final form which 15 to be used
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for archiving or mailing For 1images with graph-
1cs for example the archival form may be di-
ferent than the editing form When the editing
of an 1mage 1s completed 1ts archival form (which
1s device and software package independent) 1s
produced The presentation interface of the
archiver expects always the data n its final form

The object formation process starts when
the user creates the synthesis file The synthesis
file contamns imformation about the presentation
form of the multimedia object, tags with the
names of various data files, and possibly text
(this will typically be the case for visual mode
objects) In parallel the composition file 1s also
created by concatenating the information in the
synthesis file with the data of those data files
which have been referred to by a tag in the syn-
thesis file The object descriptor 15 updated
automatically to indicate the location 1n the phy-
sical object where the data of the composition
file 1s displayed In the case that a data tag m
the synthesis file refers to data which exist 1n the
archiver, the object descriptor is updated with a
pointer to the location within the archiver where
the data 1s located This information 1s found
from the data directory Thus the object
descriptor points either to offsets within the com-
position file or to offsets within the archiver

When the user mserts information in the
synthesis file for visual mode objects a mimature
of the current page of the formatted object 1s
displayed i the mght hand side of the screen,
below the menu options This way the user can
mmmediately see the results of his formatting
actions and he can make the appropriate modifi-
cations If the user makes certain changes in the
synthesis or the data files part of the descriptor
file and the composition file may have to be
deleted and recreated The user can navigate
through the pages of the mmature

The user can use the same browsing within
object capabiities as i the object archiver
order to view objects which are in the editing
stage In this case the object browsing software
uses the object descriptor and the composition
file 1n order to derive the presentation form of
the edited object Duphcation of software is not
required The user can mterrupt the browsing
process and go back to the editing formating pro-
cess



When the user 1s satisfied with the presen-
tation form of the multimedia object which he 1s
editing, he may want to mail or archive 1t
Archived or mailed within the organization mul-
timedia objects are composed of the concatena-
tion of the descriptor file with the composition
file In the case that objects are archived the
offsets of the descriptor have to be incremented
by the offset where the composition file 1s placed
within the archiver Finally when the mul-
timedia object 13 mailed outside the orgamzation
the object descriptor 1s searched for pointers to
information which exists in the archiver If such
pointers exist, the relevant data 1s extracted from
the archiver and appended to the composition
file The pomnters of the descriptor which
pointed to the archiver are changed to point
within the composition file Finally the object
descriptor 1s concatenated with the composition
file and mailed

5. Architectural Issues

We envision the overall system architecture
for MINOS as being composed of a multimedia
object server subsystem and a number of works-
tations interconnected through high capacity
hinks

The workstations may have some disk dev-
1ces assoclated with them Some of the disks
may be shared among workstations Multimedia
objects in an editing state are stored mn those
disks Retrieval 1s done by name The user edits
only a number of these objects at any pomnt mn
time and he can easily recall their names

The multimedia object server subsystem 1s
optical disk based and 1t may also contan one or
more high performance magnetic disks It 1s used
to store objects in an archived state The major
concern in the server subsystem 1s performance
Performance may be crucial due to queueing
delays that may be experienced when several
users try to access data from the same device
The subsystem provides access methods, schedul-
1ng, cashing, version control

Users submt queries based on object con-
tent from thewr workstation The queries are
evaluated by the server subsystem against the
multimedia data base Users in this environment
may not be able to express precisely what they
want Mmiatures of quahfying objects may be
returned to the user using a sequential browsing
mterface mn order to facilitate browsing through
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a large number of objects that may qualfy

Miniatures are renresentations of the information
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mn an object which may facihtate the user to pin-
pomt relevant objects (They can for example
contan a small bitmap of the first visual page or
an mdication that an object 1s an audio mode
object and some voice segments which are played
as the mmiature passes through the screen, etc )

When the user selects the miniature of an
object the multimedia object presentation
manager undertakes the responsibility to present
the information of the selected object The mul-
timedia object presentation manager will also
faciitate the user in navigating from the current
object to other related objects The user may
mterrupt this process and return back to the
sequential browsing interface or to the query
specification imnterface to refine his filter

The multimedia object presentation
manager resides 1 the user’s workstation and
requests the appropriate pieces of information
from the multimedia object server subsystems
Several 1ssues related to performance arise i this
architecture and they merit further mvestigation
([Christodoulakis  85], [Christodoulakis and
Faloutsos 84])

Our 1mplementation 1s done on a SUN-3
workstation supplemented with voice input, out-
put, digitization, and recognition devices The
workstation 18 connected to several other
machines through Ethernet Image capturing
and preprocessing 1s done using high resolution
devices and transfered to the workstation
through Ethernet At the pomnt of writing a
large portion of the primitives defined in our
design which was described mn section 2 of the
paper has been implemented These primitives
are mainly for video driven objects The primi-
tives defined for audio driven objects are under
experimentation and implementation

8. Summary

In this paper we have described presenta-
tion and browsing primitives used by the mul-
timedia object presentation manager of MINOS
The presentation manager provides means for
effective multimedia object presentation on the
screen of a workstation It aims to multimedia
object presentation which are mostly created hive
and die within a computer system The manager
treats symmetrically objects which are mainly
composed of text and objects which are mainly



composed of voice We have used examples from
various multimedia apphecation environments to
demonstrate the use of the primitives provided

We have also deseribed how multimedia
objects are formatted using high level descriptive
tags which interrelates information The forma-
tion 18 interactive and the user can look on the
screen of the workstation at the same time the
formatting part and the results of the formation
process

Previous relevant work on data base
environments tried to extend the functionahty of
DBMS’s to handle unstructured data ([Haskin
and Lore 82|, [Stonebraker et al 83]) Some
recent approaches provide means for report gen-
eration or graph generation on the top of a data
base management system [Row 85, or speciahzed
apphcations implemented on the top of a data
base management system [Herot 80]

Work 1 the document formation area has
produced several high qualty document for-
matters, most of them text formatters
(e g [Chamberhn et al 81], [Reid 80}, [Knuth 79|,
[Thauker et al 79], [Futura 78]) These for-
matters are mamly oriented towards producing a
high quahity paper output In contrast, the mul-
timedia object formatter of MINOS aims towards
exploiting the presentation advantages that a
workstation provides In the same spirit with
traditional formatters 1t tries to reheve the user
from the pamnful specification of the details of
presentation
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