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Abstract

Video is composed of audio-visual information. Pro-
viding content based access to video data is essential
for the sucessful integration of video into computers.
Organizing video for content based access requires the
use of video metadata. This paper explores the nature
video metadata. A data model for video databases
is presented based on a study of the applications of
video, the nature of video retrieval requests, and the
features of video. The data model is used in the archi-
tectural framework of a video database. The current
state of technology in video databases is summarized
and research issues are highlighted.

1 Introduction

The invention of printing caused the first revolution
in human communication {18]. The second revolution
in communication is underway with digital video [8]
The progress of this revolution is critically dependent
on the ability of computer systems to provide content
based access to digital video. Video databases fill in
this critical role of storage and retrieval mechanisms.
Video data unlike text is opaque to computers. This
demands that the video database posses some repre-
sentation in addition to the video which allows the
content based access of video. This paper presents
the essential characteristics of the metadata necessary
to provide content based video access.

Research in the area of digital video analysis and
video databases has been focussed on the fine grain
manipulation of video {2, 5, 15, 19, 21]. Some current
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research is addressing the problem of video retrieval
at a slightly coarser grain. Davenport et al [7] and
Davis [9] address the problem of manual video anno-
tation and the types of annotation symbols needed.
Hampapur [14] address the problem of video indexing
based on different types of video search keys.

Current research efforts have been motivated from
the point of view of video composition and multime-
dia authoring, resulting in the problem of video access
being posed at a level of shots and scenes. From the
consumer perspective video access will be at a much
coarser level. For example, the home video user is
more likely to request a particular type of program as
opposed to requesting a particular kind of shot. The
discussion in this paper considers both the consumer
and producer perspectives providing a balanced view
of the problem. The problem of video storage and re-
trieval is addressed over a wide range of granularities.

A set of terms used in the paper are defined in
Section 2. Section 3 presents a classification of video
based on usage. Section 4 presents a classification of
typical queries in a video database. The discussion on
applications and queries i1s used to motivate the de-
sign of a data model for video and its use in a typical
video database architecture in Section 5. Research is-
sues and directions are discussed in Section 6. The
paper concludes with a summary in Section 7.

2 Terminology

The following are terms which are used in the paper:
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Digital Video: Any audio visual temporally pre-
sentable information stored in a digital format.

Meta Data: Data about data [12]. In the context
of video meta data refers to data which is used
in organising video to facilitate content based re-
trieval.

Features: A set of numbers and symbols resulting
from applying transformations to the audio visual
data of a video.

3 Applications of Video

Video is used in many different types of applications
to capture information. The nature of the information
captured and the purpose for which the video is used
greatly affect the structure of the video. This section
groups different applications into categories .based on
the purpose for which video is used. The nature of
video in each of these groups is enunciated and used
as a guide to the design of the video database system.
A detailed study of classification of video programs
can be found in {11]. Techniques for analyzing and
representing the content of communications have been
studied in [17]. The following is a list of purpose based
classes. Examples of applications in these classes are
listed in table 1. A more detailed study of applications
can be found in {14].

Entertainment: The information presented in this
class of videos is highly stylized depending on
the particular sub-category. Detailed classifica-
tion and content description of current cable pro-
gramming can be found in {1].

Information: The purpose of videos here 1s to convey
information to the viewer.

Communications: The purpose of videos in this cat-
egory are communication of information.This is
not yet wide spread but is expected to grow sig-
nificantly in the future [10].

Data Analysis: A number of different scientific dis-
ciplines use video for recording data during exper-
iments and using the video as a source for further
data analysis. In these applications the amount
of time required to analyze the data tends to be
very large compared to the data collection time.
This is due to the lack of proper access and analy-
sis tools for dealing with video. Digital video and
video database technology are expected to expo-
nentially increase the use of video as a medium
for data capture and analysis. Some examples of
video as an analysis tool can be found in [20}.

[l Category | Sub-Category | Examples

]

Entertainment Fiction Films, TV Shows
Music videos

Non-Fiction Sports, Cop shows
Nature, Adventure
Talk shows

Interactive Game shows
Shopping shows

Information News, Education
Training Shows

Communication Video Conferences
Presentations

Data Analysis Sports, Medicine
Surveillance

Table 1: Applications of Video

4 Nature of Queries in Video
Databases

The design of any database system is driven by the
nature of the queries that will be made about the
data. This section studies queries expected in video
databases based on their common characteristics. The
criteria used for grouping are the certainty of a query,
the dimensionality of the query and data dependence.

4.1 Query Certainty

The certainty of a query can be specified in terms
of the type of matching operator used to satisfy the
query.

Exact Matches: A query is certain if it is of the form
Find me all records with field-#1 = X where X
belongs to some well defined set of labels and the
operation of equality is well defined. For exam-
ple, Retrieve all CNN reports with < subject =
Sitmpson Trial>

Inexact Matches: In the case of data derived fea-
tures the feature sets tend to be large, and the
concept of equality i1s not well defined. Here
equality translates to similarity, where similarity
1s defined in terms of some distance measure and
a set of bounds on the distance measure. For ex-
ample, Retrieve all CNN reports with for-
est like scenes. Here like denotes the nature
of the matching operation. Inexact matches are
typically used in systems with query by example
capability.

28 SIGMOD RECORD, Vol. 23, No. 4, December 1994



4.2 Query Dimensionality

The information required to satisfy a query can be de-
rived from different aspects of video. The minimum
number of aspects of video that have to be considered
in order to satisfy a query can be called its dimension.
The following is a brief description of the different di-
mensions of a query.

Audio: The query depends only on the audio track.
Such queries will be predominant in applica-
tions like retrieval of lecture, or video conference
videos, where most of the information is in the
audio component. For example, Retrieve video
with < discussion = budget>

Visual: The response to these queries requires the
use of visual information from the video. Visual
querles can further be classified into the following:

Spatial: These queries rely solely on the spatial
information in the video. Example Retrieve
clips with < background = capitol>

Temporal: These are queries which rely only
on the temporal information in video. For
example, Retrieve clips with < camera pan
from left to right>

Spatio-Temporal: These are queries which rely
on the spatio temporal aspects of video. Re-
trieve clips with < «a car chase >

Audio-Visual: These queries require the use of infor-
mation from all the aspects of video. Such queries
tend to be more abstract in nature. For example,
Find programs with < comical ireatment of the
government>

In many cases the queries will tend to be some
weighted combination of the above dimensions of the
video. This categorization of queries is used in the
design of the data model for video.

4.3 Data Dependence

The queries discussed in the previous sections dealt
with the content of video. There are many queries
which can be satisfied without a content analysis of the
video. Statistical querries are a typical example, How
many films in database with < director = spielburg>

5 The Video Database System

This section presents the system architecture for a
video database. This architecture (figure 2) is an
adaptation of the Xenomania System Architecture [6].

Xenomania was used for the face image data manage-
ment. Figure 3 shows the structure of the interactive
video processor. The video database uses a data model
called ViMod.

5.1 Video Data model: ViMod

This section proposes a data model for video
databases. This data model is called ViMod. ViMod
is designed to represent spatio-temporal information.
The spatial representation uses a modified version of
the VIMSYS model [13]. The ViMod data model
takes into account the various aspects of  video and
various usage scenarios. The design goals for ViMod
data model are summarized below:

Temporal Media: Video is a temporal medium. It
captures and presents information over time.
This data model must account for the temporal
nature of video.

Application Purpose: The different kinds of appli-
cations of video were presented in section 1. The
data model should accommodate data from all
application types.

Reuse: Video data stored in a database may be gen-
erated for a certain purpose, but retrieved and
used for an unrelated context. The data model
should allow for such reuse of video.

Query Types: The data model should be able to
support both exact match queries and similarity
based queries.

The basic representational unit for video in ViMod
is a temporal interval: a finite closed interval in the
physical time required to present a video (viewing
time)[16]. Thus any data request query to a video
database results in set of temporal intervals.

5.1.1 Characteristics of Video Features

Given any temporal interval of video several different
types of features of the video can be represented or
highlighted during that interval. The following is a
list of characteristics of these features.

Content Dependence: A feature is said to be con-
tent independent if the feature is not directly
available from the video data. For example the
budget of a video is not normally available in the
contents of a video, where as the story can al-
ways be understood by viewing the video. Con-
tent dependent features are called data features
and content independent features are called meta
features.
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Temporal Extent: Certain aspects of video can be
specified based on viewing a single frame in a tem-
poral interval (for example, the dominant color in
the video, spatial locations of objects, object la-
bels etc), whereas other features like motion can
be specified only based on a time interval (like
feature track, type of action, etc). Temporally
extended features are called video features, others
are referred to as image features.

Labeling: The changes that occur in video can be
tracked (for example the track of a basketball in
game footage) over the extent of a time interval.
Domain models are used to assign a qualitative
label to the feature (in the case of a basketball, la-
bels like, pass, dribble, dunk etc). Domain model
based labels of video are refered to as qualitative
feature (Q-Feature). Features which rely on low
level domain independent models like object tra-
jectories are called raw feature (R-Feature).

5.1.2 Feature Classes in Video

Figure 1 shows the structure of the ViMod data model
for representing video. The model has five classes of
features. Each of the features applies to a temporal
interval. The boxes in the figure partition the feature
space based on characterisiics of the features. The fol-
lowing is a brief description of the feature classes with
an associated table which gives the typical features in
each feature class and their typical values.

Video Q-Features: These are content dependent,
temporally extended, labeled features of video

(table 2).

[[ Feature | Typical Value 1
Shot Distance Long, Medium, Close up
Shot Angle Low, Eye Level, High

Shot Motion
Shot Objects
Audio Labels

Tracking, Dolly, Pan
One Shot, Two Shot
Dialogue, Music, SFX

Shot Props Color, Texture, lighting
Time Frame What point in history
Video Class News, Sports

Video Type has objects, no objects

Point of View
Subjective Properties
Object Properties

Whose point of view
Intentions, Emotions
People, Trees

Table 2: Video Q-Features of a Time Interval

Video R-Features: These are content dependent,
temporally extended, raw data values (table 3).
It i1s important to note that the values that the
feature takes is a set which is indexed by time.

[ Feature

Object Track
Camera Pan
Camera Tilt
Camera Height
Audio Levels
Lighting levels

| Typical Value I

Set of image positions
Camera Pan in degrees
Camera Tilt in degrees
Camera Height in meters
Dialogue dB levels
Average Lux

Table 3: Video R-Features of a Time Interval

Image Q-Features: These are content dependent,
single frame, labeled features of video (table 4).

[rF eature

Image Brightness
Texture Type
Ambient Lighting
Spatial Activity
Audio Properties
Object Name
Object Color
Object Location
Object Structure
Audio Keywords

| Typical Value |

Indoor, Qutdoor, Cloudy
Random, Regular, Oriented
Blue, Red
Clustered,Uniform

Pitch, Loudness, Timbre
Tree, Car

Green, Cyan

Center, Left, Right

Shape and Size

Begin, End

Table 4: Image Q-Features of a Time Interval

Image R-Features: These are content dependent,
single frame, raw feature values of images (table

5).

| Feature | Typical Value ||
Histograms Float Arrays
Gradient Maps Image
Edge Maps Image
Feature Maps Image
Audio FFT Maps | Float Arrays

Table 5: Image Features of a Time Interval
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Meta Features: These are content independent fea-
tures of video. They in general apply to a com-
plete video and rarely to smaller time intervals.
Such features are referred to as meta features (ta-
ble 6).

[[ Feature | Typical Value |
Producer Info Name

Date of Production | Date

Length Number of Frames
Original Medium Film, video

Table 6: Meta Features of Video

5.2 System Architecture

The architecture of the complete video database sys-
tem is shown 1in figure 2. The user interacts with the
system through a graphical user inierface. The user
interface has direct access to the video data. The in-
sertion and retrieval of video data is handled by the
inleractive video processor, which uses a number of
video processing routines to generate instances of the
data model during the insertion process. The interac-
tive video processor also handles the reformulation of
the user queries. The database maintains the ordering
in the video data and the links to the physical storage.

5.3 Interactive Video Processor

The interactive video processor has two parts, the in-
sertion module which allows the user to interactively
specify various aspects of the data model during the
insertion process and the guery formulation unit which
allows the user to specify queries during the retrieval
process. The insertion module has three interactive
units

Video Feature Extractor: This unit interactively
extracts raw feature vectors from the video.

Video Classifier: This unit uses the raw feature vec-
tors along with a set of domain models to generate
qualitatively labeled features.

Image Feature Extractor: Interactive extraction
of image based features like regions, lines, etc are
handled by this unit.

Image Classifier: The image features are labeled
qualitatively based on some set of domain models.

Annotator: This allows the user to annotate the
video a set of labels.

Object Linker: In the ViMod data model each class
of features applies to a time interval. Given a
video, a number of different sets of time intervals
will be generated. The object linker performs the
function of maintaining the temporal relationship
between the different time intervals. A detailed

study of time intervals and their relationships can
be found in [4].

6 Research Directions

This paper has outlined the various aspects of video
metadata necessary for providing content based video
access. There are several very interesting and im-
portant problems to be addressed in designing video
database systems. Several of the issues in video
databases are similar to issues in spatio-temporal
databases [3]. The following is a list of the major
research problems to be addressed specifically in the
context of video databases.

Program Categorization: What is good way of
classifying videos to achieve the best retrieval re-
sults.

Subject Indexing Terms: What is a good set of
subject index terms to use for describe the con-
tent of video.

Low Level Index Terms: What is a good set of
terms for describing the cinematographic prop-
erties of video.

Query Specification: The issues of providing the
correct query language which allows easy formu-
lation of queries.

User Interface: Since a video database deals with
spatio-temporal information, the issue appropri-
ately presenting the information to the user is
very important.

Interactive Data Analysis: The design and effec-
tive integration of interactive data analysis tech-
niques with user input to improve the overall sys-
tem performance.

Performance Measures: These are essential to
evaluate the efficacy of a set of features in a video
database system.

Implementation Issues: Representations for video
data and efficient means of implementing the dif-
ferent functionalities required in video databases.
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6.1 Future Automation Trends

Current techniques in video processing can automat-
ically partition video into segments based on camera
motion breaks. A few techniques can also deal with
special transition effects [15]. Video labeling based
on low level video properties is currently a research
problem. The next five years will see the maturing
of syntactic and low level video processing techniques
mature and become commercially applicable.

Semantic or high level video annotation and pro-
cessing is entirely manual at this time. This technol-
ogy is likely to be partially automated over the long
run, but will remain interactive till significant break
through is made in the fields of computer vision and
artificial intelligence. Video annotation is at present a
post production process, where the annotation is done
after the video is produced. The annotation point will
gradually advance towards the production point in the
future.

7 Summary

This paper has presented the metadata issues for con-
tent based video access. The paper has adopted the
video database system design perspective. An archi-
tecture for a video database has been presented which
uses the new data model for video, ViMod. The de-
sign of the model was based on the study of the meta
characteristics of queries and video features. Current
research topics, future research directions and the ex-
pected progress of video database technology and its
direction were discussed.
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Figure 2: The Video Database System Architecture
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Figure 3: The Interactive Video Processor
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