
Abstract-- As a large amount of video data becomes publicly
available, the need to model and query this data efficiently
becomes significant. Consequently, content-based retrieval of
video data turns out to be a challenging and important
problem addressing areas such as video modelling, indexing,
querying, etc. This paper reviews the video data models and
query techniques, and surveys some open research problems
in these areas. In particular, we investigate techniques that
enable modelling and querying the video structure together
with the content with emphasis on mapping low-level visual
content (video features) to high-level semantics. We compare
existing models, query languages, and give the concluding
remarks.
 

Index terms-- content-based retrieval, video modelling, video
query language

I. INTRODUCTION

With recent advances in multimedia technologies, digital
TV and information highways, large amounts of video data
are becoming publicly available. However, without
appropriate techniques that can make the video content
more accessible, all these data are hardly usable. Video
retrieval systems that provide only conventional VCR-like
functionality are not satisfying because they organise a
video based on its time line apart from its content. Users
want to query the content instead of the raw video data
expecting tools that manipulate the video content in the
same structured way as a traditional database manage
numeric and textual data. For example, a user analysing a
soccer video will ask for specific events such as goals.
Consequently, content-based search and retrieval of video
data becomes a challenging and important problem.

Video content-based retrieval requires many changes in a
multimedia database management system relative to a
traditional database management system. These changes
take effect mainly in modelling and querying techniques.
As stated in [1], a multimedia data model is different from
a traditional data model. A multimedia data model should
include, except the elements that represent inherent
structural properties of the video, also the elements that
represent the video content. It should be able to capture and
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represent various types of information about multimedia
objects, their structures, operations and properties, as well
as real-world objects and relationships among them.
Standard database indexing techniques, based on some of
the B trees or hash-based, do not work with content-based
retrieval of video data. New technologies are required. It is
pointless to say that the query processing in multimedia
environment is quite different from querying in traditional
database management systems. In a multimedia
environment, browsing has additional importance and
queries can be based not only on an exact matching but on
degrees of similarity and relevance feedback. Therefore, an
appropriate query language, that exceeds the power of
traditional text-based query languages, is a new challenge.

This paper presents an overview in the mentioned areas of
a video database management system. It is organised as
follows. The following section reviews the state of the art
on video data models and discusses requirements that a
video model should achieve. The third section gives an
overview of a number of query languages and their
properties. Finally, conclusions are given in the fourth
section.

II. VIDEO MODELLING

As far as video modelling is concerned, we can make
distinction between two important things that should be
modelled: the structure and the content of a video. Unlike a
traditional data model, a video data model has to include,
except the elements that represent inherent structural
properties of the video, also concepts that represent the
video content. Structural elements of a video are derived by
a portioning the video into small manageable units. In
addition, the content of a video should be modelled. The
semantics, as interpretation of the information that video
convey, allow a user to retrieve the video data based on
content.

A.  Modelling the Video Structure

Video, as a media, conveys large amounts of information
that requires large volumes of raw data. If we want to
provide tools for managing these large data volumes, the
primary requirement is the construction of the video
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structure. The elemental video units should be identified as
well as the segmentation criteria that will be used in
detecting boundaries between consecutive video elements.
As video and audio data types are time-critical, temporality
is one of the most important factors that the data model
should be able to express.

1) Segmentation

The elementary physical unit of the video structure is a
frame. However, it is rarely the unit of users’ interest
because there are so many frames even in a very short
video (for example, frame rate in PAL is 25 frames/s).
Shots, i.e. sequences of frames generated during a
continuous camera operation, are obviously fundamental
units of the video structure. There are a number of different
algorithms developed for shot boundaries detection [2, 3].

Video segmentation criteria can be twofold: syntactic or
semantic [4]. Syntactic criteria segment video into
sequences of frames generated during a continuous camera
operation. Early video retrieval systems divided a video
into fixed segments (shots) and described every segment
independently using free text and attribute/keywords
annotation – as the semantic content description of the
video segment. These approaches have been strongly
criticised because of their inflexibility and many
limitations. Fixed video segmentation enforces only one
segmentation of the original data. A segmented part of a
video is separated from its context. Hence, the important
contextual information about a video sequence is lost. On
the other hand, approaches that are more flexible use
semantic criteria to segment a video into logical units
based on extracted content. An example is the
‘stratification’ approach [5], where authors propose
segmenting the contextual information rather than
segmenting contiguous frames. Textual descriptors called
strata are associated with possibly overlapping portions of a
linear video stream.

2) Temporality

Temporal modelling in the context of multimedia
management systems has recently attracted substantial
attention. Video and audio data types are time-critical,
therefore the video structure should be able to express
temporality. As video elements span different amounts of
time, a video retrieval system must provide facilities which
will take care of the position of specific element in the hole
document, its duration, start and end frame, as well as of
temporal relations between video elements. Video elements
(usually shots) can be identified by basic time units, which
can be either time points or time intervals. Qualitative
relations between temporal objects are well defined. They
can be categorised in point temporal relations and interval
temporal relations [6]. The point algebra uses time point as
a primitive object. Three basic point relations (<, =, >) are

defined between two objects. A set of interval temporal
relations is well defined in Allen’s temporal algebra [7].
There are 13 basic interval relations, i.e. τ={before, meets,
overlaps, during, starts, finishes, equal} plus six inverse
relations. Point relations can be considered as a special
case of time interval relations, where a time interval has
the same bounds, or vice versa, relations between two
intervals with denoted bounds can be expressed by point
relations.

Early video modelling approaches used timeline that gives
explicit, static, temporal relations between video elements
on time axis. They did not support structures, i.e. higher-
level abstractions of basic video elements, which allow user
to group video elements into semantically meaningful
units. Hierarchical models overcome this limitation.

3) Hierarchical Models

Many researchers agree with a hierarchical structure of a
video that enables creation of complex video units by
combining elementary units or recursively by combining
complex units. The most often proposed hierarchies have a
story-scene-shot-frame structure. The terms frame and shot
are defined in (A.1). A scene is a collection of usually
adjacent shots focusing on the same objects or describing
the same actions that are related in time and space. A story
is a group of scenes that linked together give a meaning.
This type of hierarchy is discussed in [8].

A simple way to compose a hierarchy of video units is to
extend the stratification approach with nesting. It means
that annotated video elements (portions of a linear video
stream) are organised hierarchically as nodes in a tree. As
a benefit, nested relationships between the nodes allow user
to explore the context in which a node appears. Examples
of such a extension can be found in the algebraic video
data model [9] and the video-object database system -
OVID [10]

Nearly the same video structure is used by more
semantically oriented approaches that extract objects
and/or events that appear in a video. They segment a video
and compose a hierarchical video structure according to
occurrence of common objects and/or events in a video.
They usually associate each or group of objects or events
with a set of frame-sequences. These approaches model the
structure of a video considering the video content on the
first place. An example is the Common Video Object Tree
(CVOT) model [11], where a tree structure is used to
represent groups of video units.

4) Video Operations

Manipulation and presentation of video units within a
hierarchical video structure is impossible without
appropriate video operations. For example, if a user,



browsing the video structure, decides to see a video
sequence associated with a specific inner node of the
hierarchy, a video retrieval system should generate a
composition of video sequences associated with all children
of this node. To make this possible, first we need operation
that creates the most primitive video expression, e.g., a
presentation of a video segment. Then, we need operations
that create compound expressions. They specify
composition, i.e. define temporal relationships between
primitive video expressions. Examples of such operations
are concatenation, union, intersection, etc. Video
operations can also be used to specify presentation
properties, e.g., a spatial layout or temporal relations to
other presentations. As examples, very reach sets of video
operations are proposed in the algebraic data model [9] and
in the work of Adiba et al. [12].

B. Modelling the Video Content

In the literature, video content is approached at different
levels: raw data, low-level visual content (features) and
semantic content (concepts). The raw video data consists of
elementary video units together with some general video
attributes such as format, frame rate etc. The low-level
visual content is characterised by visual features such as
colour, shapes, textures etc. The semantic content contains
high-level concepts such as objects and events. The
semantic content can be presented through many different
visual presentations using different sets of raw data. Let us
look at an example. If we have the very simple concept of a
snooker ball, we can conclude that it has a unique shape,
but it can have different colours. If we talk about a more
complex concept that includes temporality, we can end up
with a long list of possible low-level presentations of the
same concept.

It is obvious that requirements for the extraction of these
different types of content are diverse. The process of
extracting the semantic content is the most complex,
because it requires domain knowledge or user interaction,
while extraction of visual features can be often done
automatically and it is usually domain independent.

1) Feature-based Modelling

Extensive research efforts have been made with regard to
the retrieval of video and image data based on their audio-
visual content such as colour distribution, texture and
shape [13]. Most systems only support retrieval of still
images. Approaches that concentrate on the visual media
alone fall into two categories: query by example and visual
sketches. Both of these are based on similarity
measurement. Possible types of similarity are colour,
texture, shape and spatial similarity. Examples include
VisualSEEk [14], Photobook [15], Surfimage [16],
Blobworld [17], as well as IBM’s Query by Image Content

(QBIC) [18], VideoQ [19], Virage video engine [20], Jacob
[21], CueVideo [22] in the field of video retrieval. The
image retrieval systems allow the user to make queries
based on visual content of an image, i.e. properties such as
colour percentages, colour layout and textures. Some of
these systems use the spatial information and allow the
user to make queries by sketching the layout of colour
regions, or by providing the URL of a seed image. Query
by example approaches are suitable if a user has a similar
image at hand, but they would not perform well if the
image is taken from a different angle or has a different
scale. Naive user is interested in querying at the semantic
level rather then having to use features to describe his
concepts. Sometimes it is difficult to express concepts by
sketching. Nevertheless, good match in terms of the feature
metrics may yield poor results in the context of concepts
(multiple domain recall, e.g. a query for 60% of green and
40% of blue may return an image of grass and sky, a green
board on a blue wall or a blue car parked in front of a park,
as well as many others).

A few approaches in video content-based retrieval
borrowed techniques from image retrieval. They only
added the functionality for key frames extraction to
existing image retrieval systems. After key-frame
extraction, they just applied similarity measurements on
them based on low-level features. This is not satisfactory
because video is temporal media, so sequencing of
individual frames creates new semantics which may not be
present in any of the individual shots. Although there are
many techniques for choosing key-frames, this is still a
challenging problem. For example, Wolf in [23] used
motion analysis, while in the Virage video engine [20],
key-frames are obtained by analysing first 30 sec of each
shot according to many parameters such as: amount of
motion, presence of skin-coloured pixels, difference
between frames etc.

Many video retrieval systems combine this principle with
higher-level content-based modelling introducing new
advanced techniques. The Virage video engine [20] for
instance distinguishes four fundamental video primitives:
key frames, motion, captions, and audio. In addition to
visual content search technology (QBIC), the CueVideo
system [22] integrates voice and manual annotation,
attachment to related data and novel presentation
techniques called storyboard (a collection of representative
frames that convey the story in a highly efficient manner).

2) Semantic Modelling

Obviously is more difficult to model the semantic content
of a video than the video structure or the low-level visual
content of a video. At the physical level video is a temporal
sequence of pixel regions without a direct relation to its
semantic content. Therefore, it is very difficult to explore
semantic content from the raw video data. In addition, if



we consider multiple semantic meaning such as
metaphorical, associative, hidden or suppressed meaning,
that the same video content may have, we make the
problem more complex.

The simplest way to model the video content is by using
free text manual annotation. The keyword/attribute
annotation of fixed segments and the stratification
approach are described in (A.1). Some other approaches
introduce additional video entities that should be
annotated, because they are subjects of interests in video.
Besides these new video entities, their relationships should
also be first class citizens of the data model. For example,
Adali et al. [24] define objects, events and activities (event
types) in their formal model of video data (AVIS). Roles
and players are also elements of this video model, because
these two elements describe certain aspect of an activity.
An interesting extension of this kind of approaches that
allows the description of the contents of video sequences by
capturing relationships between video entities and their
attributes is done by Decleir et al. [25]. In addition to a
formal definition of the video model, they propose a
declarative, rule-based constraint query language for video
content-based indexing and retrieval. A knowledge-based
approach for video modelling and querying, which also
deals with video objects, is developed by Ardizzone and
Hacid in [26]. They propose two abstract languages based
on description logic: one for describing the video content
and one for querying.

Limitations caused by fixed vocabulary of keywords or
predefined attributes could be overcome by using a schema-
less approach. This makes possible description of the
content of an arbitrary meaningful video frame sequence in
a dynamic and incremental way. It is up to user to define
attributes of a video unit and their values. An example is
the OVID system [10]. Another technique, which is
introduced by this system, is interval inclusion inheritance.
This mechanism, by which some attribute/value pairs of a
video unit can be inherited by another video unit, enables
sharing information among video units and can be used to
speed up the process of annotation.

An important technique that can be also used to speed up
the process of annotation, as well as to make this process
more user-friendly, is visualisation. As far as annotation-
based approaches are concerned, two things can be
visualised. The first one is space of descriptors that are
used for annotation of video units. Instead of the words, a
user can use icons that are more descriptive. Icons,
denoting objects and actions, can be grouped into a
hierarchy of descriptive categories. They can also be
combined to form compound descriptions. The second
thing that can be visualised is the process of annotation
itself. A user can drag the icons from hierarchy of
descriptors space and drop them on time line to create
temporally indexed annotations of video content. An

example of a visual language, which enables users to create
multilayered, iconic annotations of video content, is Media
Streams [27]. Similar visualisation ideas are presented in
[28].

Another way to model the video entities assumes using
spatio-temporal relations. The concept of video object can
be associated to the sub-frame region that conveys useful
information, while spatio-temporal relations among these
objects can be defined as events. Video objects are
characterised by their semantic, geometric and spatial
properties, as well as relations to other video objects.
Semantic information, such as the type of object, its name
and other content information, can be associated to the
object as free text, or if a domain knowledge is present as
an OO model of the domain. The semantic associations
among video object themselves, as well as with other
logical video abstractions (e.g. events) can be done using
hyperlinks as in the Logical Hypervideo Data Model [29].
Modelling of these high-level concepts (objects and events)
gives the possibility to describe objects in space and time
and capture movements of objects. As humans think in
terms of events and remember different events and objects
after watching a video, these high-level concepts are the
most important cues in content-based retrieval. Let’s take
as an example a soccer game. Humans usually remember
goals, interesting actions, red cards etc. Attempts to
include these high-level concepts into video models are
made in [11, 29, 30].

There can be thousands of video objects and events in a
single video, but only a small sub-set is useful and makes
sense from users’ point of view. Hence, only objects that
are the subjects of interest should be considered. Another
restriction that will reduce the number of objects is to
consider objects only in the period of time when they are
subjects of interest (not in the whole video). That is way,
we can find in the literature the terms like “hot video
object” [29] or “salient video object” [11].

A geometric representation of a video object is one of
challenging problems. While a polygonal representation is
more accurate and needed for topological constraint
evaluation, approximations such as Minimum Bounding
Rectangle (MBR) or centroid, are used to index the data
space in order to efficiently retrieve objects that satisfy the
result of a query.

Spatial relations among video objects have been classified
into three types:
• topological relations that describe neighbourhood
• directional relations that describe order in space
• distance relations that describe space range between

objects
Egenhofer [31] defined eight fundamental topological
relations: equal, inside, cover, overlap, touch, disjoint and
two inverse: covered_by and contains. In addition, a set of



spatial relations consists of directional relations such as
north, south, west, east, north-east, north-west, south-east
and south-west. Although the Euclidean distance between
two objects can be used as distance relation, qualitative
distance relations such as near, far, close can also be
defined. It is unnecessary to say that all spatial relations
may have time dimension. For example, distance (A, B, t)
denotes distance between two objects A and B at time t.

As far as modelling of motion is concerned, a set of new
operations can be defined to enhance the power of spatial
relations. These operations could be used to model the
temporal changing of object’s x, y co-ordinates, as well as
to model the object’s trajectory. As an example a set of
video operations called modifiers is defined in [32]

C. Discussion

Table I summarises the important characteristics of major
contributions to the field. Performance measures are not
included, since, to the best of our knowledge, the systems
have never been tested on the same data sets. The
distinction, we made with regard to modelling the video
content, and which can be also seen from the Table I,
makes clear two important things. On the one hand,
feature-based models (upper part of Table I) use
automatically extracted features to represent the video
content, but they do not provide semantics that describe
high-level concepts of a video, such as objects and events.
On the other hand, semantic models (bottom part of Table
I) usually use free text/attribute/keywords annotation to
represent the high-level concepts of the video content that
results in many drawbacks. The main one is that a search

process is based only on the predefined attribute
information, which are associated with video segment
manually by human in the process of annotation.
Furthermore, manual annotation is tedious, subjective and
time consuming. Obviously, an integrated approach, that
will provide automatic mapping from raw video data to
features and subsequently to high-level concepts, is the
challenging solution.

The layered video models [26, 30, 33] provide a good basis
for integration of these two approaches. They usually have
the following structure. The raw video data layer is at the
bottom. This layer usually consists of a sequence of frames,
as well as some video attributes, such as compression
format, frame rate, number of bits per pixel, colour model,
duration, etc. The next layer is the feature layer that
consists of domain-independent features that can be
automatically extracted from raw data. Examples are
shapes, textures, colour histogram, as well as dynamic
features characterising frame sequences, such as
temporality, motion, etc. The concept layer is on the top. It
consists of logical concepts that are subjects of users'
interest. Automatic mapping from the raw video data layer
to the feature layer is already achieved, but automatic
mapping from the feature to the concept layer is still a
challenging problem.

A few domain dependent approaches, e.g., in soccer,
American football, and tennis domains [34, 35, 36], show
that detection of the ball, players, and even the part of the
court are feasible. These approaches demonstrate that
automatically extracted objects can be used in process of
content-based retrieval. Hence, more attention should be
paid to modelling interactions and relations among these

TABLE I

MODELLING CHARACTERISTICS (1-AUDIO, 2-FREE-TEXT/KEYWORDS, 3-KEYFRAMES, 4-

FEATURES, 5-OBJECTS, 6-EVENTS, 7-REAL-WORLD MODELLING, 8-TEMPORALITY, 9-

MOTION, 10-SPATIAL RELATIONS)

1 2 3 4 5 6 7 8 9 10
Virage √ √ √ √ - - - - -√ -
VideoQ - √ √ √ √ - - -√ √ -√
QBIC - √ √ √ √ - - - √ √
Jacob - - √ √ - - - - - -
Amato et al. √ - - √ √ - √ √ - √
Informedia √ √ √ -√ √ - - √ -√ √
VEVA model - ? - √ √ √ √ -√ √ -√
OVID - √ - - - - √ - - -
Algebraic Video -√ √ - - - - - -√ - -
AVIS - -√ - - √ √ -√ -√ - -
Decleir et al. - -√ - - √ - √ -√ - -
CVOT - √ - - √ √ √ √ -√ √
LHVDM - √ - - √ √ - √ -√ √
Media Streams -√ √ - - √ √ ? √ -√ -√



entities. Recently, we proposed a framework that
formalises events as spatio-temporal descriptions of object
interactions and guides the process of translating raw video
data into an efficient internal representation capturing
video semantics [37]. The layered structure of our video
model is shown in Fig 1.

As we already mentioned automatic detection of video
objects (sub-frame entities) in the known domain are
feasible. A video object can be defined as a collection of
video regions, which have been grouped together under
some criteria defined by the domain knowledge. A region,
as a contiguous set of pixels that is homogeneous in the
features such as texture, colour, shape and motion, could be
automatically extracted and tracked. Therefore, shape,
colour, texture, as well as primitive motion and object
duration are the attributes that could be assigned to each
object. Video objects may be then grouped into higher
semantic classes using a tree structure and the domain
knowledge. Similar ideas are proposed by S-F. Chang et al.
[19] and Golshani and Dimitrova [28]. However, fully
automatic mapping from features to semantic concepts for
unconstrained domains is still extremely difficult and it is
likely that this will never be achieved.

Static features

Temporary extended features- colours
- shapes
- textures
- spatial relations

- spatial data
- object histories

- temporal data

- motion
- spatio-temporal relations

Feature layer

Concept layers

Object layer

Event layer

Video raw data

Fig. 1. The layered structure of the video data model

Audio, as one of essential components of video, can also
help in the process of extracting semantics from low-level
features. Audio and visual video components combined can
provide much more information than any one media alone
can. Therefore, an integrated model provides usage of
additional information that can be critical to the perception
and understanding of video content. The Informedia
project [38] contributed in that sense. It shows that
successful system for digital library creation and
exploration should integrated different sources of
information such as video, audio, close caption text, and
others.

III. QUERY LANGUAGES

As video involves huge amounts of data from various
media, the need to efficiently query this data becomes
significant. Therefore, an appropriate query language, that
exceeds the power of traditional text-based query
languages, is a new challenge. It should take advantage of
all characteristics of video data, their temporal nature,
visual and spatial characteristics, as well as specific
characteristics of audio. As query languages are very
dependent on underlying data model, our discussion will be
divided in the same way as the discussion about data
models.

A. Querying the Video Structure

As we already mentioned, video documents are often well
structured in a similar way as books are organised into
chapters, sections etc. Therefore, in the most number of
cases, the video structure can be queried using well-
developed techniques of the existing database technology.
For example, the search process in video models that have
a hierarchical structure (story-scene-shot) is usually based
on free-text/attributes/keywords information in the nodes of
the tree. What it has to take into account is a hierarchical
organisation of nodes. For instance, if a node’s ancestor is
in the query result set, the descendant node should be
removed from the result set. Another problem could be
caused by the stratification approach [5]. Textual
descriptors called strata are associated with possibly
overlapping portions of a linear video stream. This means
that one video unit could be part of several different strata.
If a query results in more than one stratum, duplication of
video units should be avoided. Examples of composition
operators that are defined to handle this problem can be
found in [9,10].

B. Querying the Video Content

Video content can be queried at different levels.
Traditional query languages provide facilities to query a
video on the raw data level. However, after watching a
video, humans often forget names and other meta data
related to video, but remember the content of a video in
terms of visual content or objects and different events that
appeared. Users also want to be able to find a particular
part of a video that is the subject of their interest.
Therefore, query languages should provide ability to
retrieve information based on content, which is more
challenging. Content-based retrieval can be performed on
the raw video data, visual features such as colour
histogram, textures, shapes, or on the semantic level that is
the most complex.



1) Querying the Raw Video Data

The simplest way to query a video is to query the raw video
data directly. For example, a user can select all videos
authored by John Smith, or all videos that are created
before 1st of January 1990. If the web space is queried, a
file name, as well as directories where the video is stored,
can be used in the process of querying. Among other
techniques, this type of querying is used in the WeebSeek
system [39].

2) Querying the Features

Querying on the feature level is a common technique used
in image based models. This technique can also be used in
video retrieval systems. In the video field, querying on the
feature level is usually based on key-frame similarity
measurement. After the segmentation of a video into shots
and the selection of representative frames (key-frames), the
query problem on a video becomes similar to that one on a
set of images. Possible types of similarity measurements
could be based on a colour distribution, texture, shape and
spatial information contained within the visual scenes.
Approaches that concentrate on the querying based on
visual features fall into two categories: query by example
and visual sketches. These query languages are often media
specific, i.e. they consider only one in this case the image
media type in isolation. Most systems extend this simple
approach by allowing retrieval based on keywords or other
different information that can be extracted from a video in
a combination with feature-based querying. Motion is a
good candidate that could be considered as an attribute to
be used in organising and retrieving video data. It is
attributed to a global (camera) motion and a local (object)
motion. The MovEase video retrieval system [40] is an
example of an approach that uses motion as a primary
attribute in video retrieval. However, rather than simple
motion primitives, a user would more likely choose to
describe a scene in terms of high-level concepts.

3) Querying the Semantics

As we already mentioned, a naive user is interested in
querying at the semantic level rather than having to use
features to describe his concepts. The simplest way to
achieve basic content-based retrieval is to use
keywords/free-text associated with the key-frames or video
shots in the annotation process. However, this way of
querying is limited by the annotation process. It means that
only annotated video units can be queried (the descriptions
are likely to be incomplete), and users might not be
satisfied with query results because of subjectivity of
annotations. Queries may be formulated using the standard
query language, or an extension of SQL, e.g. the CAROL
[41] or VideoSQL [10] query language. Some approaches
provide users with the ability to define the scope of their
queries. It means that a user can decide does he want to use

annotations that are made by the system, other users, or
only ones by him self. An example is the WVTDB system
[42]. Symbols or icons may be used as a visual interface in
the query process.

An extension of this basic principle is to provide facilities
for querying additional video entities that are subjects of
interests in video. It allows two types of information to be
queried in the video database system: (1) entities that
appear in video sequences and (2) video frames in which
some of these entities are present. The second type is
usually performed using the contain-predicate that checks
whether or not an entity is in a particular video unit. An
example of the SQL-like query language, called VIQS, that
enables this type of querying, is developed by Hwang and
Subrahmanian [43].

Query languages that use spatio-temporal operations are
more powerful, because they provide sub-frame data access
based on spatio-temporal characteristics. An underlying
model of these query languages is always able to
manipulate video entities that are subject of users’ interest.
These entities are associated with sub-frames. In addition,
the temporal aspect is also taken into account. Therefore, a
user is able to specify very detailed complex queries using
as conditions Boolean combinations of spatial operators
including topological, directional and distance operators,
as well as temporal operators including point and interval
operators. For example, a user can specify the query “Find
a video clip in which a dog approaches Mary from the
left”, using Multimedia Object Query Language - MOQL
[44], which is a general-purpose multimedia query
language based on Object Query Language (OQL). In the
similar way the query language based on LHDVM model
[29] supports queries such as “Find video clips in which a
police car with siren on is chasing a red Porsche and hit on
it”. However, a weakness of these two query languages is
due to their assumptions that objects like dog and Marry
from the first query example and the cars from the second
one are manually annotated, and that a video has already
been segmented into clips.

4) Mixed Approaches

Many systems integrate querying at different levels. The
most common approach is to integrate querying at the
feature with querying at the semantic level. In most cases,
querying by example or by sketching is combined with
annotation-based querying. However, other kinds of
information can also be included. For example, the Virage
system [20] allows a user to specify combined queries
based on key-frames, primitive motion extractions (scale 0-
100), captions, and audio primitives. Ardizone et al. in
[45] proposed querying using a combination of motion
features and dominant colour. On the other hand, VideoQ
[19] allows a user to query by sketching the scene and



associating objects with different attributes and simple
spatio-temporal relations.

Other systems enable users to make query by combining
expressions, such as full range of spatial and temporal
expressions and contain-predicate that is used to check
whether or not an interesting object is in a particular video
unit. In addition to that, new kinds of extensions are
introduced by different query languages. For example,
MOQL [44] introduced the document expression that
incorporates primitives for querying structured documents
that conform to the SGML standard. Therefore, MOQL can
be used for both document content retrieval and media
content retrieval. Another example is the content-based
video query language (CVQL), developed by Kuo and
Chen [32]. In addition to a set of operations for specifying
temporal and spatial relationships in queries, this query
language defines a set of modifiers to enhance the power of
predicate specifications and a macro mechanism to
simplify the query specification.

A video query language should also have a possibility to
deal with imprecise information and uncertain
interpretations of multimedia objects. Besides exact
searches, it should support inexact searches on video
objects. A user should be able to assigned different weights
to search conditions. These weights express the importance
of the search conditions, as well as a user’s uncertainty on
some parts of the query. The result of a query is usually a
ranked set of objects and recognition degree pairs. An
example of such a query language is the Multimedia
Symbolic Query Language (MMSQL) proposed by Amato
et al. [33].

C. Discussion

The main goal of a video query language is to support an
efficient and easy way for users to retrieve the video data
describing its content. It is very important for users to be
capable of retrieving the video data specifying the content,
since what they often remember and want to query is the
content. As the video content can be approached at
different levels (the raw data, feature, and concept level),
querying at all these levels should be possible. In other
words, a user should be able to query the video database
combining the raw data, features, objects and events. Let's
take as an example a user who wants to find some shots
from the video that he watched a while ago. He may
remember that in the specific shot, he is interested in, the
dominant colour was green. He may also remember some
textures and objects that appeared. Another user
remembers a shape and an action that took place in this
shot. As it is shown in Table II (columns 1-8), no one of
reviewed query languages supports homogeneous querying
at all these levels, i.e. no one enables a user to specify
colour histogram values, textures, shapes, motion, objects,
spatio-temporal events, and audio in the same query. 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
numerous mechanisms for mapping among distinct kinds
of content.

Bearing this in mind, we designed a video query language
that integrates necessary data types and operators. The
query language is based on the video data model [37],

TABLE II

QUERYING CHARACTERISTICS (1-FREE-TEXT/ KEYWORDS, 2-AUDIO, 3-FEATURES, 4-OBJECTS, 5-EVENTS, 6-

SPATIAL QUERYING, 7-TEMPORAL QUERYING, 8-MOTION, 9-QUERY BY EXAMPLE, 10-QUERY BY SKETCH,

11-ICONS, 12-TEXT-BASED)

1 2 3 4 5 6 7 8 9 10 11 12
Virage √ √ √ - - - - √ √ - - √
VideoQ √ - √ √ - -√ -√ √ - √ √ √
QBIC √ - √ - - -√ - √ √ - - -
VEVA QL - - √ √ √ -√ -√ √ - - √ -
MovEase ? - √ √ - -√ -√ √ - √ √ -√
Media Streams - - - √ -√ -√ √ -√ - - √ -
LHVDM QL √ - - √ √ √ √ -√ - - - √
MOQL √ - -√ √ √ √ √ √ - - - √
MMSQL - √ √ √ - √ √ - √ - - √
VIQS QL - - - √ √ - √ - - - - √
VideoSQL √ - - √ - - - - - - - √
Algebraic Video √ -√ - - - - √ - - - - √
Decleir et al. - - - √ - - √ - - - - √
CAROL √ - - - - - - - - - - √
CVQL - - - √ - √ √ √ - - - √



supporting querying at different content levels. It integrates
the object and event grammars providing a user with
capability to define new objects and events dynamically.
Therefore a user is able to specify very detailed complex
queries using a combination of spatial and temporal
relations. For example, the following query selects all
frame sequences that last more than 2 sec and in which
Sampras and Agassy are near the net.

SELECT Frame_seq: f
FROM Agassi_vs_Sampras_00
WHERE EVENT_TYPE: f.e = (ρnet_playing : ({ o1,o2:player,
o3:net, o1= “Sampras”  o2= “Agassi”}, {}, {}, {distance(o1, o3)
< 50, distance(o2, o3) < 50}, {duration(this) > 60})

Another important characteristic of a video query language
is visualisation. People acquire information at a higher rate
by discovering visual relations rather than plain text.
Therefore, especially in multimedia environment where
many types of information are inherently visual, it is more
appropriate to query the data using a visual query
language. However, as we can see in Table II (column 11),
only a few of languages reviewed offer a visual query
interface. A representative example is the VEVA query
language [28].

IV. CONCLUSIONS

The majority of the video models reviewed can be roughly
divided into two groups: feature-based and annotation-
based models. On the one hand, feature-based models
address problems in recovering low-level visual content
from raw video data utilising diverse automatic techniques.
On the other hand, annotation-based models usually
employ manual annotation to represent the high-level
concepts of the video content. Obviously, a need for a
model that will integrate two approaches and provide
automatic mapping from raw video data to features and
subsequently to high-level concepts,is significant.

The review of video models also show that more attention
should be paid on audio component, which combined with
visual video components can provide much more
information in the process of extracting semantics from
low-level features.

A few domain dependent approaches demonstrate that
content-based retrieval can be achieved in a specific
domain. However, successful efforts in automatic
extracting semantic content in general domain are still
limited and it seems that there is a long way to go before
we can achieve this goal. We believe that instead of a full
automatic process in unconstrained domains, the focus
should be on tools that facilitate end-users to manage video
more efficiently. In line with that, users should have
opportunity to use a powerful video query language that

supports homogeneous querying at different levels of
content.
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