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Abstract

This paper describes a new method of multimedia information retrieval which shows
multimedia information on a screen in a multi-directional way, using perspective, during
the process of recursive interactive retrieval. This method supports a graphical, sensitive
and individually tailored interaction between a user and multimedia data. The original
work here in is the support of interaction between a user and multimedia data in a way that
shows as many as multimedia data in a multi-directional manner on a screen. This work
does not involve analytical techniques, although much current research into multimedia
information retrieval focuses on processing and handling multimedia data. The prototype
system INMUL(Interactive Multi-directional Information Displaying System) is now being
implemented.
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1. Introduction

Much research and development has been
done in the field of Information Retrieval,
especially for text document IR. In recent
years Natural Language Processing (NLP)
techniques have been used for the develop-
ment of the automatic indexing system, the
natural language interface, and the message
understanding system, and Neural Network
techniques have been used for the document
classification. In these systems the kinds of
texts used were newspaper articles, patents,
academic papers, manuals, books and oth-
ers. The number of available texts is ex-
tremely large.

But these days multimedia data is in-
creasing very rapidly, with the growth of the
Internet, which can serve texts and multi-
media data. The kinds of multimedia data
are still images, videos, music, texts and
combinations of these. There is now large
need for multimedia Information Retrieval
methods, but few methods are in use in the
real world, and few techniques have been re-
ported.

The problems of multimedia information
retrieval are as follows:

(1)The handling and processing of multi-
media data is difficult compared with that
of text data.

(2)The amount of data is very large, and
so takes a long time to process.

(3)As it is difficult to recognize multime-
dia data, it is also difficult to process its
contents.

Multimedia content processing tech-
niques include image recognition, image re-
trieval using images, speech recognition,
music retrieval by melody and others. Only
a few of these techniques are put into use,
and most of them are at the research level.

For text retrieval characters, words, and
other linguistic units can be used to analyze
the content of text. Text analyzing tech-
niques include morphological analysis, syn-
tactic analysis, semantic analysis and dis-

course analysis. For multimedia retrieval,
it is difficult to find any unit which can be
used to analyze the content of the data.

Besides the above problems, the problem
of handling sensation is important in multi--
media information retrieval because multi-
media information has sensory information
in itself. And any individual, who is an in-
formation user, has his own sensations. This
is very different from text retrieval. The
only technique that deals with this problem
is to use sensary words in retrieving. There
is little research which deals with sensation
in searching multimedia information.

This paper proposes a new method
of multimedia information retrieval which
shows multimedia information in a multi-
directional way on a screen recursively
during the process of interactive retrieval,
which is the method that supports the inter-
action between a user and multimedia data
in a sensitive and individual way. In this pa-
per, the concept of multimedia information
retrieval is the interaction between a user
and multimedia data in an individual way.

The originality of this work is the sup-
porting of the interaction between a user
and multimedia data in a way which shows
as many as multimedia data in a multi-
directioal way on a screen. This work
does not use analytical techniques, although
many current researches of the multimedia
information retrieval focuses on the analy-
sis, the processing and the handling of the
multimedia data. Current research includes
object recognition in an image and melody
analysis for retrieving similar melodies. -

2.The problems of

multimedia information
retrieval

There are currently two models of mul-
timedia information retrieval. One model
uses word-indexes given to multimedia data.
In this paper this is called the index model.
The other model matches rough sketches to



multimedia data. In this paper this is called
the data matching model.

Neither model is sufficient for multimedia
information retrieval. The problems of both
models are described below:

(1)Problems of the index model

The index model has the same problems
as the model which uses indexes for retriev-
ing documents, that is the traditional in-
formation retrieval model. These problems
are the relevancy of indexing, the problems
of using and maintaining a thesaurus, and
other problems.

(2)Problems of the data matching model

(a)It is impossible to make a rough sketch
of the warmness of spring.

(b)It is difficult to make a rough sketch
of textile designs which have no object, nor
shape. For example, if a design is a collec-
tion of dots, it is nearly impossible to make
a sketch for matching with other images.

(c)As it is very difficult to make a good
rough sketch using a mouse device, the sys-
tem sometimes fails to retrieve the images
that a user wants.

The features of database retrieval, in-
formation retrieval, multimedia information
retrieval and text information retrieval are
described below for comparison.

® The features of database retrieval:

(1)A user knows exactly what he wants
and can describe it exactly.

(2)A user knows of the existence of the
data in the database, for example, boys in a
school, or wheels in a database of car parts.

® The features of information re-
trieval:

(1)A user does not know whether what he
wants 1s in the database or not.

(2)A user can not describe what he wants
exactly because he does not know what is
in the database. For example, an economist
may want to find a newspaper article about
the president, but he can not know to ex-
clude articles about the president’s dog’s ill-
ness when he does not know of the existence

of such an article.

® The features of text information
retrieval:

A user always describes what he wants
to find using some linguistic unit, such as
characters, words, phrases and so on. So
text information retrieval might be refered
to as descriptive retrieval, as opposed to
non-descriptive retrieval.

® The features of multimedia infor-
mation retrieval (MMIR):

(1)A user makes a selection that suits
him.

(2)Usually a user does not describe what
he wants. A user selects what he wants from
among the things which he can see. So mul-
timedia information retrieval can be called
non-descriptive selective retrieval.

(3)It is useless to describe what he wants
to get, because it is not certain that what
he wants is in the database. The first thing
the user must do is to view the database as
effectively as he can.

Besides the aspects described above, sev-
eral new techniques for MMIR are needed.
Again, the fundamental requirement for
MMIR is to see all of the data items ef-
fectively. For this the concept of browsing
is essential. There are several techniques
for browsing. They are interactive brows-
ing, walk-through browsing, and directional
browsing. For directional browsing, struc-
turing the data is necessary.

For browsing all data, the techniques be-
low are effective:

(1)Showing a perspective-projection im-
age instead of the full image.

(2)Showing the images in a limited time
span.

(3)Showing the images in a time flowing
stream on a screen.

For effective viewing of all the items in a
database, directional browsing is necessary.
And showing the perspective-projection im-
age in a limited time with the help of
the time-flowing stream technique makes it



more effective, giving users the impression
of wandering on the floor of a department
store.

3.The design concept of
the MMIR system

In this section we will describe the design
concept of the multimedia information re-
trieval prototype system, which meets the
needs mentioned in section 2.

A new paradigm of MMIR is to show
all items effectively. To show the data in
a directional way and to use perspective-
projection are effective ways of showing data
to users.

The concept of directional search is that a
user has some directions in mind during the
search process although he usually does not
know the end point. So, the directional re-
trieval function provides users with a choise
of directions which are displayed on screen
by the system. By choosing the direction
recursively, a user can proceed along those
directions and will finally be able to find the
items desired.

Since the human field of vision is limited,
it is necessary to show on the display as
much data as possible during the interaction
between a human and a computer. Showing
the perspective-projected image is effective
for this purpose.

The idea of the directional search comes
from the following user need: A user often
thinks during the search process that there
might be something which is near to the re-
sult which he has just got, but he does not
know how to check for it and wants help
from the system. This function meets this
need.

This function suits the 3D technique be-
cause the 3D technique can show many di-
rections clearly on a screen in a smart way.
By using the directional search, the user
can satisfy his mind that he should look
for data in the neighbourhood of the data

he has found, or that there would be some-
thing good in the neighbourhood, or that
he should check the neighbourhood. Since
the user checks by himself with the help of
the system, he will be satisfied with the re-
sult. He might even be able to check all of
the data if he wants. So, the 3D technique
can provide a user with a superior browsing
function.

Besides its appropriateness for directional
search, the 3D technique can utilize the
space on a screen, time control for showing
the data and handling of the image data as
an object on a screen.

From among the many functions that use
the 3D technique, the directional search
function is reported in detail in this pa-
per. What are the directions in the direc-
tional search? The directions can be made
in any way. The system can make directions
by organizing data of a database in several
ways. The manager of a database, for ex-
ample a librarian, can organize the data in
his own way and make corresponding direc-
tions. There are many way of making di-
rections, such as classification of data by
content, or attributes, by linking of bibli-
ographical references, by chronology, region
and so on.

Section 6 of this paper explains one way of
making directions using a computer system.
Since the directions are made by the sys-
tem, they can be made and can be changed
recursively and automatically through the
search process. This automatic making of
directions is one of the original techniques
of this paper.

In the real world, directions have perspec-
tive. In this system, the perspective is made
by differentiating the sizes of the boxes in
which the data is shown. This means that,
in a given direction, the larger box contains
the more relevant data, and the smaller box
contains the less relevant data. Of course,
the boxes are aligned in a size order in a di-
rection. The box size for each document is
determined by its relevance point. The rel-



evance point is calculated by the degree of
keyword matching with a query.

Following is the list of features included
in the prototype system. The name of
this system is INMUL (Interactive Multi-
directional Information Displaying System).

(1)The ranking function.

(2)The varying size displaying function.

(3)The recursive display function.

(4)The multi-directional displaying func-
tion.

(5)The combination of the recursive dis-
play function and the multi-directional dis-
playing function.

The author is thinking of including the
following features in the next prototype sys-
tem.

(1)The display-time control function.

(2)Handling of image data as objects in a
display space.

(3)Perspective-projection of images.

(4)The combination of the above men-
tioned functions.

There are many systems which visualize
data. Their functions are such as the cat-
egorization and the allocation of data on a
screen(Lin, 1991].

The aim of making the INMUL prototype
system is to evaluate the functions imple-
mented there in with regard to their effec-
tiveness and their ease of use.

4.Related Works

There are several related works. Hemmje
displayed documents in a 3D space whose
axes were keywords. The scale of these axes
could be changed [Hemmje et al., 1994].
Rao showed several displaying methods such
as the corn tree and the perspective wall us-
ing 3D techniques[Rao et al., 1995). The
hyperbolic tree browser, which is described
in his paper, uses perspective to show the
relationship between words. Shneiderman
made a data visualization system with a
dynamic query interface. The data in this

system was housing data, such as distance
from capital city, price of land and so on.
So, this system is in the field of database
search, not in the field of Information Re-
trieval, since the data is already well orga-
nized manually [Williamson and Shneider-
man, 1992][Plaisant, 1994]. Lin made a se-
mantic map for information retrieval using
a neural network’s unsupervised learning al-
gorithm [Lin, 1991]. The semantic map,
which categorizes and allocates data, is dis-
played on a 2D space and enables economi-
cal representation of the data.

In comparison, the prototype system IN-
MUL is original in its use of a direc-
tional search and especially in its use of a
multi-directional data displaying function.
Also, these functions run recursively dur-
ing the interaction between the user and the
system.

5.The functions of the
INMUL system

In this section, the functions of the IN-
MUL prototype system are explained.

(1)The ranking function.

The data items, which are documents, are
ranked according to the relevance points de-
rived from queries issued by the user. The
relevance points are calculated by the de-
gree of matching between indexed keywords
of the data and the keywords of the query.

(2)The multi-directional displaying func-
tion.

The data items are displayed in multi-
ple directions and in order of ranking on
a screen. FEach direction is signified by
one of the representative keywords from the
database. The representative keywords are
the ones appearing with high frequency in
a database. The making of directions using
representative keywords is described in Sec-
tion 6. Examples of the multi-directional
display are shown in Fig.1.

(3)The size-varying display function.
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Fig.1 Multi-directional information display on a screen.
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The size of each of the displayed data is
derived from its relevance point. So, the dis-
play size of each datum is different, so that
the more relevant the datum is, the larger
it is displayed.

(4)The interactive search function.

The user can select the direction by click-
ing one of the data in that direction. The
clicked datum will be located in the centre
of the screen in the next screen layout. So,
the user can change or select the direction
by interacting with the system.

(5)The recursive display function.

The system displays the data recursively
in a multi-directional layout during the in-
teraction with the user. When the user se-
lects one of the data on a screen using the in-
teractive search function, the recursive dis-
play function displays that datum in the
centre of the screen, and from this centre the
new directions are displayed. This means
that the focus of search can be selected by
the user, who can change it with each in-
teraction and follow his own directions of
search, enabling a satisfactory search pro-
cess.

The following are the functions that the
author thinks, would be effective for an in-
teractive MMIR with a GUIL In the next
prototype they would be implemented.

(1)The display-time control function.

(2)The handling of image data as an
object in a 3D space. This function in-
cludes texture mapping of data onto sev-
eral streams and onto the surface of a rolling
sphere.

(3)Perspective-projection of images.

(4)Interactive search between the user
and the system in a 3D space

(5)The combination of the above men-
tioned functions.

6.Producing the
multi-directional
information layout on the
screen

Each direction is derived from one of
the representative keywords of a database.
The representative keywords are the ones
appearing with high frequency in the
database. The schema for the extraction
of the representative keywords is shown in
Iig.2. The representative keywords are in-
dexed to many data items in the database,
so by using them for retrieval, many items
are retrieved and displayed on a screen.

The following is the procedure for making
the multi-directional information layout on
the screen:

Step 1:

The representative keywords are ex-
tracted from the database.

Step 2:

Keywords for search are input by the user.
Here, these keywords are called KW1.

Step 3:

Directions are made from the top four fre-
quency keywords. Hence, the INMUL pro-

totype system displays four directions. For

each direction, data are ranked by relevance
points. The relevance points for data in
direction 1 are calculated by the degree of
matching between the keywords of the data
and both KW1 (keywords input by a user)
and the top frequency keyword (which is
called Representative keyword 1). The rele-
vance points for the data in the other direc-
tions are calculated in the same way. Then,
using these relevance points for each direc-
tion, the data items are displayed in four
directions in ranked orders.

Step 4:

The user clicks one of the displayed data
for interactive search. Here, the keyword set
indexed to the clicked data is called KW2
(in Fig.1 shown as KWsetD1). Again the
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Fig.2 Extraction of representative keywords
from a collection of documents

Representative keywords
(eg. kw3.kwl kw2 kwd)

Keyword Total frequency in the
collection of documents
kw3 3
kwl 2
kw2 2
kw4 2
kw5 1
kw6 1
kw7 1

Table 1: The result of the experiment

The increase/decrease number of the
recalled items
ID No. of | The num- | The num- | By the first | By the sec- | By the third
a query in | ber ber of the | interaction | ond interaction
BMIR-J1 of the rele- | recalled interaction
vant items | items by
in BMIR- | the query
J1
2 13 4 -1 +1(New) —
3 5 2 0 0 —
4 4 2 0 — —
5 14 4 -1 — —
6 7 2 -1 — —
7 5 4 0 ) F1(New)
10 12 4 +1(New) 0 —
22 13 3 0 — —

» »

means no trial.



relevance points are calculated using KW2
and KW1 and each representative keyword
for each direction. Then the data are dis-
played in four directions on the screen. If
each representative keyword is in KW2, the
next top representative keyword is taken for
that representative keyword and the rele-
vance points are calculated again. So, the
new directions will appear instead of the old
ones.

Step 5:

Then, the user repeats step 4 recursive-ly
until he reaches the desired data items.

7.An experiment

An experiment was made using INMUL.
A test collection used for the experiment
was BMIR-J1[Keshi et al., 1996] that con-
sists of 600 newspaper articles, 60 queries
and relevancy judgements for each query.
Eight queries were selected from the 60
queries. In case a query is a sentence, only
nouns were selected from the query sen-
tence, and these nouns were used as a query
instead of a query sentence. This is because
our NLP parsing program needs some mod-
ifications for the experiment. The result of
the experiment is shown in Table 1 and an
evaluation of this experiment is now under
consideration.

8.Related issues and
further studies

In the next prototype system, the func-
tions described in Section 5 for the next sys-
tem will be implemented and evaluated.

There is not yet an established evalua-
tion method for interactive Information Re-
trieval. Appropriate evaluation methods for
the proposed system would be minimization
of the numbers of interactions before find-
ing the desired item (or getting to the region
of the desired item), or the maximization of

the amount of data the user can see in a
given time. More study is needed on evalu-
ating the interactive system.
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