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MPEG-T7 is an ISO/IEC standard being developed by MPEG, and aims to create a standard for describing
the multimedia content data that will support various multimedia search and retrieval applications.
However, since it is described with text-based XML, it is very hard to efficiently search the documents
on multimedia contents describe in MPEG-7 if the size of the documents an efficient indexing algorithm
on MPEG-7 documents on video data. It first analyzes the some requirements on MPEG-7 documents
indexing mechanism, and secondly proposes an indexing algorithm that clusters the Visual Descriptor
values in MPEG-7 documents into several levels according to their distributions. This clustering helps
to reduce the search range by just comparing the Visual Descriptor values of query video with the pre-
computed similar Visual Descriptor values of target videos. This thesis also experimentally shows that
the performance of the indexing algorithm is dependent on the number and granularity of the levels,
and their values could be computed easily. The proposed indexing algorithm could be used to develop

a large video archive system in which the contents on multimedia are described in MPEG-T7.
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1 Introduction

Technologies related to the Internet and com-
puters enabled the development of various multi-
media, which in turn enabled to service and use
multimedia contents in various ways. As audio
and video information are being produced in large
quantities, however, there are growing demands
for meta-data media for users to search, exchange
and share information more easily and accurately.

In response to such demands, XML-based MPEG-

7[1] was proposed, which is a standard for the

structure and meta-data of audio/video data. MPEG-

7 describes various pieces of information for content-
based retrieval of multi-media contents. Because
descriptors in MPEG-7 includes information about
the production of multimedia contents such as title
and genre, high-level information based on 5W/1H
and low-level information such as color, movement,
the volume of sound.

Thus it can contain most information for the
media contents. As the quantity of information
increases, however, the volume of description also
expands, which makes search difficult. Like XML-
based search, MPEG-T7-based search has the same
That is,

when a query was made in an information storage

problems as those in text-based data.

space composed of a lot of segments, it takes a long
time to search information because all documents
had to be referred to.

This study proposes an indexing algorithm for
efficient search of MPEG-7 stored in the form of
XML and analyzes its usability through an exper-
iment. For the purpose, this study used a method
of creating an index by clustering the similarities
of the values of MPEG-7 Visual Descriptor in a
storage space. This method uses each descrip-
tor as a value representing a document that de-
scribes a segment, so it is advantageous in that
it shortens search time by reducing the range of
search from the entire documents to part of them
through an index. When the method was used in
actual search, it significantly reduced the range of

search and was efficient in terms of time because it
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search the reduced range. In addition, the result
of search using an index was the same as that of
ordinary search. Thus the use of an index did not
increase the error rate.

The structure of this paper is as follows. Sec-
tion 2 reviews previous researches on MPEG-7,
and Section 3 explains an algorithm for efficient
MPEG-7 search using an index. Section 4 ex-
plains a search system based on the algorithm
proposed in Section 3 and presents the results of
an experiment. Lastly, Section 5 describes the
strong and weak points of the algorithm proposed
in this study and suggests the direction of future

research.

2 Related Works

The scope of researches on the search of MPEG-
7 documents is not clear. Researches on efficient
access to documents are being made on the as-
sumption that researches on XML search will be
successful. On the other hand, researches on XML
are mainly focused on the use of XML as a means
of information exchange such as the application of
XML documents to existing RDBMS systems and
the introduction of RDBMS for effective inquiry
process on XML documents. After all, researches
on access method for MPEG-7 documents are not
active. Thus it is necessary to study the charac-
teristics which are different from those of general
XML documents.

This section examines situations to be consid-
ered for efficient indexing for MPEG-7 documents
and looks for methods for resolving these situa-

tions.

2.1 Requirement Analysis

O As in Figure 1, there are many kind of de-
scriptors in MPEG-7 and each descriptor stores
various values. It will be difficult to search for a
desired document in a storage space where a large

number of MPEG-7 documents exist in order to
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process users’ queries quickly. Thus this section
looks into requirements and design conditions for
an indexing technique for the efficient search of a
large number of MPEG-7 documents. First, when
a query is made, similar results should be pro-
duced through an algorithm of comparing all doc-
uments in the storage space with The MPEG-7
eXperimentation Model[2] and, for this, a great
number of calculations have to be made. This
study tries to solve the problem of the large num-
ber of calculations using an index. In the situation
that we do not know what queries will be made, it
is necessary to consider how to prepare the index
for efficient search when actual queries are made.
he second problem is how to create a value repre-

senting a segment composed of several descriptors,

0490

which are obtained by calculation using different
comparison algorithms for each type of descrip-
tor. Because MPEG-7 designates a segment as
the basic unit of a medium, if a segment is de-
scribed with 8 descriptors, the similarity values of
the descriptors are calculated using 8 comparison
algorithms. When a MPEG-7 document is com-
pared with other documents using the 8 similarity
value, however, it is a delicate problem what cri-
teria should be used in determining the similarity
between them.

Another consideration is that, in using MPEG-7
descriptors, the indexing technique must be inde-
pendent from each descriptor. MPEG-7 has var-
ious descriptors and they are used differently ac-
cording to users’ purpose. Thus if an index is de-
pendent on the characteristic of a specific descrip-
tor, each descriptor has to have its corresponding
index and algorithm and the system is affected by
whether a descriptor is used or not. That is, when
an index is applicable to all types of descriptors
regardless of their nature, namely, be flexible, it
can be used consistently whether a new descriptor
is added or an existing one is deleted.

If the three problems mentioned above are solved,
the indexing technique will be definitely efficient
for MPEG-7. The next section examines an in-

dexing technique to solve these problems.

2.2 Index Structure and Design

This section examines solutions for problems listed
in Section 3.1 and look for a method of designing

an index that reflects all the solutions.

2.2.1 Index Structure

The MPEG-7 eXperimentation Model presents
the method of calculating similarity calculation for
comparing each descriptor. However, the similar-
ity is for each descriptor, not for a segment con-
taining several descriptors. Thus it is necessary to
consider a method of comparing segments using

the similarity of each descriptor. First, let’s dis-
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cuss how to build an index through pre-processing.
A segment entered as a query should be compared
with segments in the storage using the compari-
son algorithm of The MPEG-7 eXperimentation
Model, but it takes a long time to compare the
query segment with a large number of segments in
the storage one by one using the comparison al-
gorithm. In addition, it is impossible to calculate
in advance because we do not know what segment
users make queries on.

Then the following method may be suggested.
Calculate the similarity between segment A and
B. Again, calculate the similarity between seg-
ment C and A. Compare the similarity between
segment A and B and that between C and A to
obtain distance between B and A as well as be-
tween C and A. Based on these, the distance be-
tween segment B and C can be obtained with-
out separate calculation through the relative dis-

tances of them from the starting point segment
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A. That is, relative distances between segments
can be converted into absolute distances. In this
way, an arbitrary segment is taken as the start-
ing point and the distances between the segment
and all the other segments within the group are
built into an index in advance. When a segment
is given as a query, the distance between the seg-
ment and the starting point segment is calculated,
and all segments with a similar distance are those
similar to the query segment. In this way, when
a query is made, it is not necessary to calculate
similarities to all segments. Instead, the similarity
between the query segment and an arbitrary seg-
ment is calculated, and it is compared with pre-
processed similarities to find corresponding seg-
ments to search. With this method, the prob-
lem of pro-processing can be solved when we do
not know what segment will be queried. What
should be considered here, however, is the loca-
tion of the starting point segment. If the distance
between the starting point segment A and seg-
ment B is -2, but the result of the the distance
|SegmentA — SegmentB|q is 2, and the distance
|SegmentA — SegmentC|y is 3. Using the equa-
tion above, the distance |Segment B—SegmentC|4
is | — 3] — | = 2|, namely, 1, but their actual dis-
tance is |(—3) — (—2)|, namely, 5. This problem
can be solved by taking an absolute starting point
as the starting point segment. That is, if descrip-
tors in a segment have their minimum value and
the segment is not larger than any other segment,
it can be used as an absolute starting point. Ac-
cordingly, this study suggests defining a base doc-
ument with descriptors of the minimum value in
order to calculate distances for building an index.
The second problem to consider is how to compare
segments using individual descriptors. Each seg-
ment has one or more descriptors. In addition, the
similarity of a segment may be determined by all
of its descriptors of some of them as demanded by
users. Thus, for a segment, the similarity of each
descriptor has to be stored. For this, this study
suggests the following method. In order to build

an index, cluster by descriptor according to sim-
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ilarity first. Organize groups based on the result
of clustering. Criteria for organizing groups are as
follows. First, for each descriptor, find the max-
imum and the minimum distance from the base
document with descriptors of the least value. Di-
vide the distance between the maximum and the
minimum into a number of sections and use the
k-means method with the boundary values of the
sections as seeds. Use the square root of the num-
ber of the whole segments as the value for divi-
sion. When k segments are clustered based on the
similarity of a certain descriptor, Vk become the
seed value. As the segments are clustered through
k-means method using the seed, vk groups are
organized. Each segment group clustered in this
way has an identifier. That is, if a segment has n
descriptors, it has n identifiers. As a result, the
index stores information on each segment and its
identifiers. Identifiers are from 0 to v/k according

to the closeness of similarity.

2.2.2 Index Design

Queries in this study are on segments. Thus the
representative frame of a segment produces results
for each MPEG-7 descriptor through the standard
experimentation model suggested for MPEG-7, and
creates a document describing the segment by com-
bining outputs for each descriptor. An index is
built using these documents, and queries are made
through MPEG-7 documents describing query seg-
ments. The output of a query is the correspond-
In order for MPEG-7 search to

be implemented through indexing, the location of

ing document.

the document in the storage is calculated and the
identifier of the clustered group corresponding to
the location is fetched. In addition to information
on each segment, it is necessary to record the size
of the storage in the index to determine the size of
the storage. The index file is created as a XML-
based document. If an index file is represented in
a hierarchical structure, <Index> has child tags

<IndexInfo> and <Segment> as in Figure 3.
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<complexType name=Index final=+#tall>
<complexContent >
<element name=IndexInfo>
<attribute name=DistanceOfDescriptorl type=flo:
<attribute name=MaxFlagofDescriptorl type=inte
<! - - for each Descriptors - ->
</element>
<element name=Segment>
<attribute name=flag type=integer>
<! - - for each segments - ->
< /element>
< /complexContent >
</element>

O 3: An example of subtree update

<IndexInfo> has as its attributes the file name
of the base segment, the similarity distance of each
descriptor and the number of groups clustered.
When a query document is put it, similarity to
the base segment specified in <IndexInfo> is cal-
culated through the comparison algorithm of the
MPEG-7 eXperimentation Model. When the dis-
tance calculated, it is determined first which group
the descriptor of the query segment belongs to,
and the identifier of the group is obtained. In this
way, each descriptor finds its corresponding iden-
tifier and the index is searched with the identifiers.
<Segment> includes the name of the comparison
file and, as its attribute, indicates the distance of

descriptors contained in the file.

2.3 MPEG-7 search through index

This section discusses search using the index
suggested in the previous section. Figure 4 shows
the process of MPEG-7 search through index. A
query segment can calculate the space of segments
for each descriptor in the storage through <IndexInfo>
of the index. The locations of the query segment
are calculated and identifiers corresponding to the

locations are obtained. Then segments with the
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same identifier as that of the query segment are
retrieved in <Segment> through Xpath and the
segments are used as the range of search. Of
course, each descriptor is independent and users

can choose a descriptor to use for search.

Query Segrnent The Starting Point Segment
— | | Comparson | |—
=—| | Alzorithm —
nidex File
ii Sirailarit — H|Check the location
Dlescriptor —
173025 Ohitaining identfiers
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Descrptord : 2 Descrptord @ 1

O 4: MPEG-7 search through Index

3 Experimentation

Based on the algorithm proposed in Section 3,

this study implemented indexing for efficient MPEG-

7 search as well as search through indexing as the

final results of this study.

3.1 Experiments

In order to implement the algorithm of this study,
the author used IIS5.0-based ASP on Windows
2000 and MSXML as a XML parser. Thus, this
study implemented a system that can perform not
only search but also indexing on the Web. In-

terface developed for the experiment is divided
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into the part of search and the part of indexing.
Also, users can enter their queries by specifying
values for one or more descriptors using OR and
AND operands, and entered queries are converted
into Xpath queries for process. Query documents
are parsed and information in the index file is
calculated. Using the calculated results, similar
segments are searched from segment information
within the index file.

used in the experiment was 1863, which are sam-

The number of segments

pled arbitrarily from movies, dramas and sports.

3.2 Performance Results

The verification of the efficiency of the index-
based search algorithm proposed was focused on
accuracy and the reduction of search time. Here,
accuracy means that the result of search using
the index should be identical to that of sequential
search without using an index. In addition, the re-
duction of search time means that search through
the index should be faster than ordinary sequen-
tial search. In this experiment, an arbitrary query
segment is provided and the result of sequential
search based on similarity was compared with that

of index-based search. Table 1 shows the result

0O 1: Performance Results

range | sequential(sec) | index-based(sec)
1 167 16.6402 0.3437
2 190 15.8414 0.2656
3 173 16.3593 0.2656
4 312 15.8434 0.3593
5 418 15.7343 0.4843
6 286 15 0.3283
7 341 15.8437 0.3906
8 221 15.8125 0.2968
9 192 15.5625 0.2812
10 153 15.3125 0.2656

of ind O ex-based search and that of ordinary se-
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quential search for the same query segment. In
order to enhance reliability, search was made 12
times and results excluding the best one and the
worst one were used. The average range of index-
based search was 245.3 segments, which is only
8% of the entire 1863 segments. The average time
taken for search was 15.7950 seconds for sequen-
tial search, while 0.3281 second for index-based
search, which is only 2% of the former. This is
because index-based search does not parse all seg-
ment documents but parse only a necessary range
of documents, which is determined by parsing the
index document. Thus if efficiency is evaluated
based on the range and time of search, the re-
sults above show that the index-based search is

definitely more efficient than ordinary sequential

search.

: /
i i
: /

) /

: /

; ]

#11 w12 w12 w188 1B F 1.8 x18 20 seed

O 5: The Average Loss

Next, let’s discuss accuracy. In case of the k-
means method, which was used as a method of
clustering, the result of search proposed in this
study is different according to the initial seed value.
The initial seed value was obtained using the square
root of the number of the whole segments. It is
because, when searching a total of n elements, it
is most effective to divide the elements into \/n
groups with y/n elements. For example, segment
A is close to the query segment but they may be

classified into different groups and use different
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identifiers as a result of the k-means method, caus-
ing loss in search. Thus this study measured the
loss by adjusting the seed value at random. Figure
6 is a graph representing the average loss resulting
from the increase of the seed value. As the graph
shows, the seed value /n as proposed worked as

significantly convincing seed without loss.

4 Conclusions

Because MPEG-7 proposed as a standard for
multimedia meta-data is XML-based, namely, is
described in text, it takes a long time to search a
desired document through sequential comparison
if the number of documents is large. It is because
MPEG-7 is a XML-based document. This prob-
lem has not been studied much because researches
on XML query process have been expected to bring
improvement in the matter. On the contrary, there
have been active researches on fast XML docu-
ment search using RDBMS. Consequently there
have been few researches on fast MPEG-7 search.
To solve this problem, this study described the
characteristics of a MPEG-7 document using the
similarity of its descriptors and recorded them into
the index. By analyzing a query document and
mapping the result to documents in storage through
the index, this study shortened search time. Ac-
cording to the result of an actual experiment, the
range of search was reduced to about 16The method
suggested in this study used the characteristics
of MPEG-7 documents, which are different from
general XML documents. A query suggested in
this paper is a segment and the result of search is
also a segment. Thus the algorithm proposed in
this study may be a useful algorithm for query-by-
example, which is being actively used for content-
based retrieval. Documents utilized in this study
used low-level descriptors such as color and tex-
ture in search. If it becomes possible to search
using high-level information combining scene de-
scription based on a performer’s name or 5W1H,

the system may be more accurate and satisfacto-
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rily meet users’ demands.
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