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Summary

Information contained in unstructured video data needs to
be extracted and must be appropriately modeled in order
to support storage and content retrieval. A video data
model should be expressive enough to capture several
characteristics inherent to video.  Previous video data
models lack connection among the video structure, the
semantic and the image contents. Hence the types of
queries supported are limited to the data models used.
This paper proposes a video data model that would allow
users to formulate hybrid queries on different attributes of
video. The video data model captures the hierarchical
structure of video (sequence, scene, shot and key frame),
as well as high-level concepts (object, activity, and event)
and low-level visual features (colour, texture, shape and
location).  With this representation, queries for the
content and/or the specific hierarchical structure using
similarity-based matching of low-level visual features as
well as exact matching of textual attributes are supported.
Experiments to compare query formulation using single
types against hybrid query showed that hybrid query gives
more accurate results. Thus, strengthening the need for a
video data model that supports queries on more than one
type of video attributes.

Key words:
Video data modelling, video representation, video query, video
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1. Introduction

Content-based video retrieval requires many changes in a
multimedia database management system, mainly in the
modelling and querying techniques [1][2]. A video data
model should include elements that represent inherent
structural properties of video as well as elements that
represent the video content. Thus in this multimedia
environment, queries can be based not only on exact
matching of textual data, but also on degree of similarity
of visual features. Therefore, an appropriate query
mechanism is required to formulate queries on these
properties. The query process basically consists of three
interactive steps: query formulation, query processing and
query results presentation. This involves finding
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expressive methods for conveying what is desired, the
capability to match what is expressed with what is there,
and ways to evaluate the outcome of the search. There
are several ways to formulate queries on video data
namely, textually such as SQL-like languages [3][4][5],
graphically [6][7], or query algebra [8]. Text-based query
methods that rely on string pattern-matching or keyword
look-up are not adequate for all types of data, particularly
visual and auditory data [9][10]. Therefore, it is not
reasonable to assume that all types of multimedia data
can be described sufficiently with words alone.

While not abandoning the conventional text-based
methods, we propose to integrate them with visual means
of expressing and constructing queries based on attributes
that are otherwise impossible to express textually. The
rest of the paper is organized as follows: The next section
gives the background on video data management. Section
3 reviews the video data model.  Section 4 describes the
video database system architecture. Section 5 discusses
the experiments and results. Finally the paper is
concluded in Section 6.

2. Background

Along with the growth of the information era and
technology, abundant collections of multimedia data such
as image, graphic, audio and video became available.
Among these media, video contains the most features
making it the most expressive and thus very complex to
manage [11][12]. Video provides a rich and lively
resource for multimedia applications. Video resources can
be divided into various categories such as instruction,
entertainment, scientific recording, news, etc. However
the availability of video resources does not necessarily
imply accessibility and manipulability of video data.

Large amount of video data and its audio-visual nature
has made their manipulation very challenging. Problems
are encountered with respect to the retrieval of the video
content. Ordinary retrieval techniques are not suitable for
a practical usage within digital video libraries. The high
volume of video data makes free browsing almost
impossible. It is tedious and time consuming for a user to
browse through a huge collection of video clips and find
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the desired part. However, the retrieval process can rely
on textual annotation which is added as metadata through
the semi-automatic cataloguing process. Nevertheless,
this process requires a considerable amount of time to
annotate. Furthermore, the text associated can sometime
be vague and incomplete due to subjective human
perception.

Data that characterize the information contained in video
data can be called metadata. Metadata is defined to be
any data description that "tell us something" about video

content that can be used as index terms for video retrieval.

Although any suitable representation can be used to
represent metadata, text is commonly used. Note that
metadata can include other representation such as key
frames, colour histograms, feature vector, etc. Like
image, video contains visual features such as colour,
shape, texture as well as spatial information. In addition,
video contains temporal and motion features, audio, as
well as semantic content. Semantic content of the video
is the idea or knowledge it conveys to the users.
Identifying those features will help to develop video data
models to represent, index and techniques to access it.
The choice and importance of the features depend on the
purpose and use of the video data.

Video data management is important since there is a
growing interest in querying the vast amount of digital
video resources. Management of sequential video clips
consists of modelling, indexing, and querying

(21(5]13][14].

Modelling is concerned with representing the structural
properties of video as well as its contents. Structural
elements of video are derived by segmenting the video
into small manageable units. Video segmentation or
video parsing, also known as temporal segmentation, is
the process of detecting boundaries between consecutive
camera shots and segmenting video streams into
elemental units.

Video indexing has previously been text-based, but recent
research has made use of visual feature extraction as a
basis for content-based indexing [10][15].  Visual
features are low-level image features such as colour and
texture. In low-level indexing, visual features are
automatically extracted from the video data, organized
based on some distance metric and later retrieved using
similarity-based matching techniques.

However, the main limitation is the lack of semantics
attached to the visual features. Semantics describe video
concepts on a higher level, such as the description of

objects, activities and events. And this is usually what an
average user has in mind when formulating the query.

As video involves a huge amount of data, the need to
efficiently query this data becomes significant.
Depending on the underlying data model, video data can
be queried based on the structure (shot, scene, etc.) or by
their content (descriptive textual data, low-level visual
features, etc). Currently content-based video retrieval can
be classified into two types, namely, textual annotation-
based and visual content-based [16][17][18][19][20]. The
following sections describe in detail the on video data
modeling.

3. Video Data Model

Modelling video is the process of translating raw video
data into an internal representation to capture video
semantics. Information contained in unstructured video
data needs to be extracted and must be appropriately
modeled in order to support storage and content retrieval.
A video data model should be able to capture and
represent various types of information about multimedia
objects and provide a sophisticated representation of
video in terms of low-level features, but also high-level
concepts. In video data modelling, we can make
distinction between the structure and the content of a
video. Segmenting the video into small manageable units
derives the structural elements of a video. This is known
as the structured modelling approach [21].  This
approach divides the video sequences into shots as a basic
unit of manipulation. Information stored at the shot level
typically includes the start and end boundaries,
descriptions, dates, locations, and so on. The problem
with basic structured modelling approach is the difficulty
for the user to retrieve part of a video shot and also to
access a particular video shot for different purposes.
These problems are mainly due to the lack of contextual
information between video shots. To model contextual
information, higher-level constructs, called scenes are
introduced to group together shots that share some
common attributes. Others have supplemented the basic
structured model with presentation and logic structures
[22]. What contents to present and how to present them
is defined in the presentation structure. The logic
structure defines the logical relationships among the
content objects.

The structured modelling approach has evolved into
segmentation-based approach [23]. In this approach, the
video data is recursively broken down into scenes, shots
and frames. Key frames are extracted from shots and
their visual features will then be used for indexing. Each
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key frame can be treated as an image, allowing the use of
existing techniques, with some extensions, that have been
developed to model and query image data.

On the other hand, video can be modeled based on their
content. Video content can be categorized in different
levels, namely, raw data, low-level visual features and
semantic. Raw video data is made up of elementary video
units with some general video attributes such as format,
frame rate, etc. The low-level visual features include
colour, texture, and shape. The semantic are high-level
concepts such as objects, events, and activities. Due to the
different levels of video content, the requirements for the
extraction are diversified. Extraction of visual features is
domain independent and can be done automatically.
However, the extraction of semantic is rather complex and
tedious since it requires domain knowledge and user
interaction.

Under the content-based modeling approach we can see
two important things. Firstly, feature-based models use
extracted features such as colour, shape and texture to
represent video content, but they do not provide semantics
that describe high-level concepts of a video such as
objects, activities and events. Secondly, in the semantic
models, textual annotations are used to represent high-
level concepts. This approach has drawbacks as well,
since the process of video annotation is mostly done
manually. This process is not only tedious, subjective to
the annotations perception, but also time consuming.
Despite the drawbacks, the only way to assign meanings
to high-level concepts is by textual annotations.
Obviously, an integrated approach that supports both
visual and semantic content is a complementary solution.
On top of that the structured model provides a good basis
for the integration of these two content-based approaches.

Video content can be queried at different levels namely,
raw video data, visual features or semantic level. The
simplest way to query a video is to query the raw video
data directly. For example, a user can select all news
videos produced by TV3. Querying on the visual feature
level is a common technique used in image retrieval
systems. This technique can also be used in video
retrieval system where the key frames images are used as
indexes. The common approach for querying visual
features is through query by example. Querying at
semantic level is limited by the annotation process. The
descriptions are likely to be incomplete and subjective.
Queries may be formulated using the standard query
language (SQL) or its extension. Among the query
languages reviewed, none support homogeneous querying
at different levels. Users are unable to specify query from

different levels in a single query formulation. To support
homogeneous querying at different levels the underlying
video data model must be able to deal with all different
variations of video content as well as to provide
appropriate mechanisms for query formulation. Another
important characteristic of a video query language is
visualization. ~Formulation of queries through visual
query interface is more appropriate especially in
multimedia environment where many types of
information are inherently visual.

As large amount of video data becomes available, the
need to model and query them efficiently is extremely
important. =~ We investigate techniques that enable
modelling and querying the video structure together with
the semantic and low-level visual content. Although
video contain other features such as audio and spatio-
temporal, we limit our work to the semantic and low-level
visual features of video. This is because, since video shot
can be represented by one or more images (key frames), a
video query can be reduced to the problem of image query.
In content-based image retrieval, query is on semantic
and low-level features.

The followings present our video data model.
Definition 1:
A video data model is a 5-tuple,
(V_1d, V _Clip, V_Attr, R, 1)
where:

-V _Id is a unique identifier of an instance of
Video,

- V_Clip is a reference to the video clip itself,
which can be referenced as an external binary
file,

- V_Awur is an attribute component that may be
used to describe bibliographic data (eg. title, type,
source),

- R is a set of relations, {R;, ...R;}, each of which
has an attribute called V_Id in its scheme. These
relations contain the description of the
hierarchical structure of the video, and

- 1 is an image table. Image table is a special
relation, which contains complex data type
representing low-level features of the key frame
image.

An example of a video table comprising of V_Id, V_Clip
and V_Attr is as follows:

Video(v_id, video clip, title, creator, category,
description, keyword, publisher, contributor, dates,
video_type, video format, source, language, relation,
coverage, rights)
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where V_Attr = { ftitle, creator, category, description,
keyword, publisher, contributor, dates, video type,
video_format, source, language, relation, coverage,
rights}

Since R and 7 are separate relations, their definitions are
given below.
Definition 2:
R is maintained in a standard relational database as an
ordinary relation and contains information about video as
a whole.

R = {Shot, Scene, Sequence}.

Definition 3:
A shot is a set of contiguous video frames denoted with
the start and end boundaries, representing a continuous
action in time and space by a single camera. A shot-
instance is a 4-tuple,
(V_Id, Sh_Id, Kf 1d, Sh_Attr)
where:
-V _Id is a unique identifier of an instance of
Video,
- Sh_Id is a unique identifier of an instance of
Shot,
- Kf Id is a unique identifier of an instance of I,
and
- Sh_Anris an attribute component that is used to
describe the shot, as well as semantics of the
video (eg. object).
An example of a Shot relation is as follows:
Shot (v_id, sh_id, kf id,  kfbegin, kfend, kfobject,
description, duration)
where Sh_Attr = {kfbegin, kfend, kfobject, description,
duration)
Definition 4:
Shots that are taken in the same space, focusing on an
object or objects of interest form a scene. A scene may
contain one or more video shots and/or scenes. A scene is
a 3-tuple,

(V_Id, Sc_Id, Sc_Attr)

where:

-V _Id is a unique identifier of an instance of
Video,

- Sc_Id is a unique identifier of an instance of
Scene, and

- Sc_Antr is an attribute component that is used to
describe the scene, as well as semantics of the
video (eg. activity).

An example of a Scene relation is as follows:
Scene (v_id, sc_id, kfbegin, kfend, activity, description,
transcript, duration)

where Sc Attr = {kfbegin, kfend, activity, description,
transcript, duration}

Definition 5:
A series of related scenes form a sequence. A sequence is
a 3-tuple,
(V_Id, Seq_Id, Seq_Attr)
where:
-V _Id is a unique identifier of an instance of
Video,
- Seq Id is a unique identifier of an instance of
Sequence, and
- Seq_ Attris an attribute component that is used to
describe the sequence, as well as semantics of the
video (eg event).

An example of a Sequence relation is as follows:
Sequence (v_id, seq_id, kfbegin, kfend, event,
description, duration)

where Seq Attr = {kfbegin, kfend, event, description,

duration}

Definition 6:

1 is an image table, which contains the key frame images
and the signature of the visual features namely color,
texture, shape and location.

I(Kf Id, Kf Image, Kf Signature, Kf Attr)
where:

- Kf Id is a unique identifier of an instance of /,

- Kf Image is a reference to the Key Frame image
object itself, which is stored as an external binary
filee. In our implementations its data type is
ORDSYS.ORDImage,

- Kf Signature is a feature vector representation of
the object Kf Image. In our implementation, its
data type is ORDSYS.ORDSignature, and

- Kf Attr is an attribute component that may be
used to describe the object present in the image
(if any).

An example of an Image relation is as follows:
Image(kf id, kf image, kf signature)

The proposed video data model combines the two
important characteristics of video, namely the structure
and the content. We only focus on two specific video
contents, which are semantic (object, activity, event) and
low level visual features (colour, texture, shape and
location), since a video query can be reduced to the
problem of image query. Other characteristics of video
such as motion and audio are beyond the scope of our
research work.
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Using this video data model, we are able to represent the
hierarchical structure of video which are shot, scene and
sequence. With this representation, we are able to query
for the specific hierarchical structure. In addition we can
include searches on video segments that have similar low-
level visual features. Since visual attributes are used, the
query system should be able to perform similarity-based
matching. Furthermore, we can still formulate queries
for exact matching of textual attributes. The following
section discusses the theoretical foundation used for the
combination of exact and similarity-based queries. When
formulating hybrid queries in a single mode, the
dissimilarities between traditional database queries and
multimedia queries require a different solution for
evaluating the atomic queries.

3.1 Combining Exact and Similarity-Based Queries

An unweighted query O consists of n atomic queries
q1 ---,q, wWhich are regarded as predicates. A compound
query (n > 1) combines atomic queries using the binary
sentential connectives and (A) and or (v). Beside these
connectives the monadic connective, the negation
operator not (—), is likewise important. A query can be

defined as follows: Q :=¢q | (O [A|V] Q)| =Q | (O).

There are essential differences between querying
multimedia data and traditional databases. The most
important difference is that a response to a multimedia
query typically provides not only a set of objects, but also
the grades with which these objects qualify in terms of
similarities. This is in contrast to a traditional database
where the answer to a query is simply a set of values.

Atomic query for multimedia data is much harder to
evaluate than an atomic query in a relational database.
For example, when querying images it is reasonable and
natural to ask for images that are somehow similar to
some example image. In response to a query, a
multimedia system might typically return a sorted list of
items in the database that match the query best. Hence,
there must be a notion of similarity, so that the most
similar images are retrieved.

For every object o; in the database (0; € DB) the similarity
to the query is expressed by the object’s overall score .
Therefore, every atomic query ¢; is evaluated and its score
u; is determined by a similarity distance function Dg;(0))
= ;. The overall score for an object is calculated using a
scoring rule Sy The scoring rule Sy assigns a numerical
value (score) u = So(uy, ..., Uy to each object, based on

the evaluation of the object’s scores for each atomic query.
A score 0 < pu < I describes the degree of similarity
between the object in the database and the query. The
closer a score to the value 1 is, the higher is the similarity.
4 =1 means the retrieved object is a perfect match and u
= 0 means the object does not fulfill the query at all. The
overall score allows a ranking of qualified objects. The
higher the score, the better the ranks of an object in the
result list.

Another important issue that arises for fuzzy queries in a
multimedia database, but not for traditional queries in a
standard database is weighting the importance of
subqueries. The concept of weighting is used to ensure
that users can specify and formulate their preferences
regarding their search criteria in an adequate way. The
user can assign a weight 6; with 6, € [ and [ = [0,1] to
each atomic query g;. When calculating the overall score
u for an object the weights also have to be taken into
account. Therefore, the weights 6; are incorporated into
the underlying scoring rule Sp. Thus the weighted

scoring rule S g is a function of ¢ and 0:
® — %
So(thyeeeddys 0, 0,) =D %6,

Compound queries are Boolean combinations of atomic
queries. In compound query there could be a mismatch
where the result of some queries is a sorted list, and for
other queries, it is a set. These differences cause us to
consider new mechanism to calculate the overall score.
How do we combine such queries in Boolean
combinations?

A solution for combining traditional database query and
multimedia query was proposed in terms of “graded” or
“fuzzy” sets [24]. A graded set is a set of pairs (x, g),
where x is an object (such as a tuple), and g (the grade or
score) is a real number in the interval [0,1]. We can think
of a graded set as corresponding to a sorted list, where the
objects are sorted by their grades. Therefore, a graded set
is a generalization of both a set and a sorted list.

A number of different rules for evaluating Boolean
combinations of atomic formulas in fuzzy logic are given
as follows [25]. Consider the standard rules of fuzzy logic,
where if x is an object and Q is a query, then let pp(x)
denote the score or grade of x under the query Q.

If we assume that pp(x) is defined for each atomic query
Q and each object x, then it is possible to extend to queries
that are Boolean combination of atomic queries via the
following rules.
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Conjuction rule:

Hap(x) = min {1(x), pp(x)}
Disjuction rule:

Hav(x) = max {La(x), ts(x)}
Negation rule:

Hoa(X) = 1 - pa(x)
Details of formula for incorporating weights in scoring
rules can be found in [26].

The next section describes the architecture for the
prototype of the proposed video data model.

4. Video
Architecture

Database System (VBDS)

The Video Database System (VDBS) has three main
modules namely the video shot detection, annotation and
query interface, which are connected to an object-
relational database management system. Since the main
focus of this paper is on modeling, it will not discuss in
detail the modules of VDBS. Figure 1 shows the VDBS
architecture.

Video Annotation
Module

Video Clip jViﬂEn Shnrw

Detection

Module

Object Relational DBMS

Semantic &
Low -level features

Figure 1. Video database system (VDBS) architecture

The rest of this section will describe on the Query
Interface. The query interface has three tabs that support
query by text, image and the combination of both text and
image attributes as shown in Figure 2 , Figure 3 and
Figure 4 respectively.

The Query by Text interface as shown in Figure 2
supports query for bibliographic attributes of video (eg.
video identifier) using exact matching of the descriptive
textual data (eg. object).

|EYTENTBYIMAGE | BY TEXT AND MAGE |

Sequence: | Nene v e (sed v

sacre | | we | snowsar ame

Figure 2: The Query by Text Tab

A user selects a video category and enters one of the
semantic attributes for matching. He/she then needs to
select the bibliographic attributes (eg. video id, shot id as
shown in Figure 2). By clicking the SHOW SQL button,
the corresponding SQL statement will be generated in the
text area on the upper right hand side of the interface. If
the user clicks the EXECUTE button, the SQL statement
will be executed and the query result will be displayed in
the lower left hand section. If the user selects a row, the
particular video segment can be played in the media
player in the lower right hand section.

The Query by Image interface as shown in Figure 3
supports query by image similarity. Query formulation
starts by the selection of a video category. Depending on
the category selected, a set of example images will be
displayed in the form of thumbnails. The user then
chooses an image to be used as an example for the query.
The colour, shape, texture and location sliders can be
adjusted to indicate matching similarity. The accuracy
slider is used to adjust the threshold value, which will be
used to compute the degree of similarity. Next the user
can click on the SHOW SQL button to see the
corresponding SQL statement. If the EXECUTE button is
clicked, the SQL statement will be executed and the query
result will be displayed in the lower left section. A user
can choose to play the corresponding shot by clicking on
the row in the result list.

[ & =i
IBYTEXT | 6Y IMAGE |/ BY TEXT AND IMAGE |

select category:  [hews =

|

>
n
w5 Accuracy
" ——]
8 1o 20 40 60 80100
a0
[ o cuan

2 | s || wser |
.

Figure 3 : The Query by Image Tab
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The Query by Text and Image interface as shown in
Figure 4 supports hybrid query formulation using a
combination of text and image features in a single query
mode.

[VBYTEXE L BYIMAGE | BY TEXT AND IMAGE |
Select Category | News. 2 Enter Object Jz2a
or Act

Figure 4. The query by text and image tab

Through this interface a user can combine querying using
semantic and image features. Query formulation starts by
the selection of a video category. A user can then enter
one of the semantic attributes for matching. He/she can
choose the bibliographic attributes to retrieve, an example
image to use and then adjust the values of the sliders for
similarity matching. Next the user can click on the
SHOW SQL button to see the corresponding SQL
statement. If the EXECUTE button is clicked, the SQL
statement will be executed and the query result will be
displayed in the lower left section. A user can choose to
play the corresponding video segment by clicking on the
row in the result list.

5. Experiments and Results

To illustrate the query formulation supported by VDBS, a
news segment broadcasted by a local television channel
was used as an example. Each segment can be annotated
based on the visual as well as audio features. The news
video is a 30 minutes clip and to generate the key frame
images, the video was preprocessed using the Video Shot
Detection module. A total of 352 shots represented by 352
key frames were obtained. Visual features are extracted
from each key frame and they are stored in the database.
Using the Video Annotation Module each of the 352 shots
was annotated. Objects, activities, events as well as
description of shots are stored in the database.

The rest of this section shows several examples of query
formulation and the results. For each category of query,
namely Query by Text, Query by Image and Hybrid Query,
three examples will be shown. In these examples, the
shot id, key frame id, object and key frame images are
presented as the query results.

Based on our experiments on query formulation using
single types and hybrid query mechanism in the previous
section, we will discuss the results that we have obtained.
For each query using different query types we plotted
graphs to compare the number of images retrieved for
various threshold values.

Figure 5 shows a comparison between query by image
and hybrid query for ‘sea’. The graph plots the threshold
values against the number of images retrieved. The result
shows the Hybrid Query type gives better results
compared to Query by Images since the numbers of
images retrieved were reduced. The result of the Query
by Text was not shown in the graph as the threshold
values are not relevant to this query type. Nevertheless,
in the Query by Text there were 16 images retrieved.
When compared to Query by Text, the Hybrid Query
results was the same for threshold values 14 and above.
However, by lowering the threshold value, the number of
images retrieved was reduced.

Figure 5: Comparison between Query by Image and Hybrid Query for ‘sea’

Figure 6 shows a comparison between Query by Image
and Hybrid Query for ‘football’. The graph plots the
threshold values against the number of images retrieved.
The result shows the Hybrid Query type gives better
results compared to Query by Image. In the Query by
Text there were 33 images retrieved. When compared to
query by Text, the Hybrid Query also shows better results
where the number of images retrieved was less than 33.
In fact by reducing the threshold values, the number of
images retrieved was also reduced.

Query for footbal

nnnnnnnn

Figure 6: Comparison between Query by Image and Hybrid Query for
“football’
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Figure 7 shows a comparison between Query by Image
and Hybrid Query for ‘woman’. The graph plots the
threshold values against the number of images retrieved.

&

Figure 7: Comparison between Query by Image and Hybrid Query for
‘woman’

Again, the result shows the Hybrid Query type gives
better results compared to Query by Image. In the Query
by Text there were 18 images retrieved. When compared
to query by Text, the Hybrid Query also shows better
results where the number of images retrieved was less
than 33. In fact by reducing the threshold values, the
number of images retrieved was also reduced.

Based on these three comparisons, we summarize the
results for the three query types. Table 1 summarizes the
query results for the three types of query formulation
based on colour weight 0.6 and location weight 0.4.

Table 1: Query results for the three types of query formulation

Query Text Image Hybrid
es (semantic) (low-level visual | Colour:0.6,
features) Location: 0.4
Quer Colour:0.6,
Object Location:0.4
% # % # 1%
4.55 | Threshold:20 Threshold:20
38 [10.79 16 | 455
Threshold:7 Threshold:7
1 0.28 1 0.28
9.38 | Threshold:20 Threshold:20
58 [ 1648 12 [341
Threshold:7 Threshold:7
football ! 0.28 ! 0.28
5.11 Threshold:20 Threshold:20
113 [32.10 13 [3.69
Threshold:9 Threshold:9
1 0.28 1 0.28

Note: The figures show the numbers(#) and percentages(%) of images
retrieved

6. Conclusions

Modelling video is an important step in video data
management. Previous video data models lack connection
among the video structure, the semantic and the image
contents. Hence the types of queries supported are limited
to the data models used.

We present a video data model that captures the
hierarchical structure and contents of video. Based upon
the segmentation-based approach, our model considers
video structure to be made of sequences, scenes and shots.
Meanwhile, based upon the content-based approach key
frame images are used to represent each shot. The low-
level visual features of these images are extracted to
represent image content. In addition, we annotate
sequence, scene and shot for semantic contents. A
combination of these two approaches has enabled the
followings:
a) Capture the hierarchical structure of video,
namely, sequence, scene, shot and key frame.
b) Capture both semantic and low-level visual
features of video.
c¢) Allow queries on video segments, semantic as
well as low-level visual features.

Through the prototype VDBS, we were be able to compare
the query results of single type query formulation against
those obtained from hybrid query formulation.
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