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ABSTRACT

With the emergence of 3DTV, a significant volume of audiovi-
sual 3DTV content (stereoscopic video and multichannel au-
dio) starts to accumulate in 3DTV broadcasters and 3D video
production houses. Such content must be properly annotated,
archived, searched and retrieved. In this paper, algorithms
that take into account the 3D information available in 3DTV
content and analyze it in order to derive semantic descriptions
that can be used for its search and retrieval are presented.
A framework for the storage of the derived descriptions in
a structured way as well as the main requirements and char-
acteristics of a database system that can accommodate and
index such metadatata and allow users to perform search and
retrieval are also described. The presented approaches have
been developed within the European R&D Project 3DTVS.

Index Terms— 3DTV, stereoscopic video, multichannel
audio, semantic analysis, 3D quality assessment

1. INTRODUCTION

3DTV and 3D cinema have recently witnessed an increase
in their popularity. New movie titles are released in 3D and
there are more than 35 TV channels in various countries that
broadcast in 3D. As 3DTV emerges, 3DTV content starts
to accumulate in 3DTV broadcasters and 3D video produc-
tion houses. Such content is also being posted in the web,
e.g., in social networks or user-fed audiovisual archives (e.g.,
YouTube). 3DTV audiovisual content consists primarily of
stereoscopic video and multichannel 5.1 or 7.1 sound and
must be properly annotated, archived, searched and retrieved.
To do so, algorithms that analyze 3DTV content in order to
derive descriptions that can be used for its search and retrieval
are required. Analysis of 3DTV content can benefit from the
existence of 3D information in both the stereoscopic video
and the multichannel audio in the following ways:
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• by utilizing the additional information in order to
achieve improved performance over algorithms that
operate on single-view video or mono/stereo audio
data. For example, visual object tracking, face cluster-
ing, audio event detection and audio source separation
are some of the analysis tasks where more accurate and
robust results can be obtained due to 3D audio/video,

• through the derivation of information that is specific to
3D, i.e., it cannot be obtained from ”2D” video and
mono/stereo audio. Examples include information re-
garding the position or movement in the 3D space of
objects, persons or audio sources.

In addition to the above, 3D video content should be analyzed
and characterized in terms of stereoscopic quality. Such an
analysis is obviously specific to such content, since it requires
analyzing issues such as cross-talk effect, stereoscopic win-
dow violations, placement of depicted content in the comfort
zone, etc.

Once the 3DTV content is analyzed, appropriate means
of storing the derived descriptions in a structured way in or-
der to be ingested in an archive are required. Unfortunately,
3DTV content cannot be accommodated well within existing
audiovisual media archives, and Media Asset Management
(MAM) systems since such systems are not designed to cope
with metadata that are specific to such content (e.g 3D qual-
ity metadata). Thus, creation of database systems that can
accommodate such metadata, use them to efficiently index
3DTV content and allow users to perform search and retrieval
is required.

In this paper, algorithms and techniques for the analysis
of 3DTV audiovisual content that are able to derive seman-
tic descriptions to be used later on for search and retrieval of
such content are presented. A novel description framework
that is based on the recently adopted AVDP profile of MPEG
7, as well as the main requirements and characteristics of a
database system that can host the derived descriptions are also
presented. The presented approaches have been developed
within the collaborative R&D Project 3DTVS (3DTV Con-
tent Search) that is funded by the European Union1.

1http://www.3dtvs-project.eu/



2. STEREOSCOPIC VIDEO ANALYSIS

As already mentioned, 3DTV visual content analysis algo-
rithms are a prerequisite for the efficient 3DTV content de-
scription, to be used later on for search and retrieval of such
content in a database or archiving system. Among visual
content analysis approaches, those that aim at deriving high-
level (semantic) information are of particular importance.
More specifically, based on the analysis of professional user
(namely archivists and journalist in 3DTV broadcasters) re-
quirements performed within the 3DTVS project, users are
mainly interested for two types of information when search-
ing in 3DTV content archives: information related to humans
depicted in the content and information related to the 3D
quality of such content. Based on these findings, research has
been conducted to devise algorithms that are able to utilize the
available 3D information (manifested through the existence
of two video channels and the consequent derivation of dis-
parity maps) in order to derive the corresponding annotations
and metadata.

2.1. Stereoscopic Video Quality Analysis and Character-
ization

Production of quality stereoscopic video content is a difficult
process that has to combine technical, perceptual and artistic
aspects [1]. Improper creation of stereoscopic content can
easily result in a bad user experience [2]. In fact, the depth
impression from a 3D display is an illusory perception. Thus,
improper 3D material or improper display of such material
might cause eye strain and visual fatigue [3].

2.1.1. Objective Assessment of 3D Quality

Although subjective and objective quality assessment of 2D
video content has been widely studied, perceptual quality as-
sessment of 3D content is still in a relatively early stage of
research. Subjective 3D visual quality assessment is effec-
tive for characterizing the overall quality of 3D content but
requires considerable time and resources. Therefore, it is es-
sential to implement objective metrics that measure 3D visual
quality. The technology of 2D objective quality assessment
has matured, and the corresponding results already exhibit
high correlation to human perception [4]. Recently, many
objective 3D visual quality metrics have been derived from
2D metrics [5][6]. However, objective characterization of 3D
quality is much more difficult to be performed compared to
2D video quality, since it is related to multiple factors such as
video quality, depth perception and visual comfort [5]. Thus,
3D quality metrics derived from 2D objective algorithms can-
not predict sufficiently well 3D issues (e.g., depth perception
and visual comfort) in stereoscopic content.

The 3D experience is generally comfortable when the
scene elements reside inside the so-called comfort zone close
to the virtual screen [1]. Some studies have shown that there

are two major parameters that control the visual comfort of
3D experience [2]. One is the inter-axial distance, i.e., the
stereo baseline, which controls the overall depth range. The
other one is the camera convergence, which controls the par-
allax of scene objects. Further factors leading to undesired
3D experience can be classified into three categories [2]:

• Geometric distortions, e.g., keystones, geometric mis-
alignment, focus mismatches, etc., may cause eye strain
due to the retinal rivalry.

• Unbalanced photometry, e.g., color, sharpness, bright-
ness and contrast mismatches, may destroy the overall
3D effect. Serious errors can also cause perception con-
flicts.

• Perception conflicts, e.g., cross-talk, stereoscopic win-
dow violation, non-synchronized stereo pairs, etc.,
cause annoying artifacts and may totally destroy the
3D illusion.

A number of issues related to objective 3D quality charac-
terization are being studied within the 3DTVS project. More
specifically, in order to evaluate the overall depth range and
parallax of scene objects, approaches that use information de-
rived from depth/disparity maps, such as depth/disparity his-
tograms or depth budget are being devised. The utilized dis-
parity estimation framework [7] computes the disparity map
in both the horizontal and vertical directions to allow sepa-
rate analysis of horizontal and vertical disparities. In addition,
the constraints of epipolar geometry will be used to identify
robust matches, and to estimate the parameters of geometric
distortions [2], whereas 2D objective metrics [8][9] will be
modified (e.g., through attribute optimization) and used for
measuring the mismatches of photometry parameters. Recent
studies have shown that it is feasible to measure the percep-
tion conflicts according to the characteristics of each kind of
distortion, e.g., cross-talk is highly related to local contrast
and display parameters [10], stereo window violation occurs
when large objects hit the horizontal frame boundaries [1],
etc. Research in this direction is still in progress, but has so
far proven that other factors, e.g., sharpness, disparity, etc.,
also affect these artifacts. Finally, extension of 3D features
in order to measure the viewing comfort and describe it in an
appropriate scale is planned. Similar to 2D objective quality
assessment, integrating all quality factors to predict an over-
all quality is a challenging issue in the area of 3D objective
visual quality assessment that will be also tackled.

2.1.2. 3D Defects Detection in Stereoscopic Video

3D cinematographers have established a number of cinemato-
graphic rules to be followed during the production process in
order to derive 3D material of high quality. Nevertheless, in
many cases, time constraints, low budget and poor advance



planning prevent that from happening. Algorithms that ex-
ploit disparity information to detect and characterize three
types of stereoscopic issues/defects, namely depth jump cuts,
stereoscopic window violations and bent window effects [1],
that result when the corresponding 3D cinematography rules
are violated and can provide indications of poor quality 3D
material have been devised. The proposed algorithms can be
useful in assessing the overall quality of stereoscopic video
content and annotating it accordingly. Detection of these is-
sues also allows one to fix them in a post-processing stage.

Depth jump cuts occur between two consecutive shots
when the depth continuity rule, that states that one should
not cut between two shots if their depth does not match, is
violated. An algorithm has been devised [11] that recognizes
a depth jump cut by detecting that either the negative or the
positive mean disparity (or both of them) change rapidly
between two successive frames. The first derivative of the
mean negative/positive disparity signal over time is utilized
to detect such rapid changes. Then the depth jump cut is char-
acterized as mildly uncomfortable, uncomfortable or highly
uncomfortable depending on the sign of the first derivative
both in positive and negative disparities.

The bent window effect occurs when an object with strong
negative disparity values interferes with the top and bottom
borders of the frame. In such a case the viewer receives con-
tradictory cues since the object’s top and bottom sides cannot
be in front of the screen (as they are cut off by the frame’s
top and bottom borders) but the rest of the object is clearly in
front of the screen, due to its strong negative disparity. The
way the brain handles this conflict, in most cases, is to de-
cide that the stereoscopic window is bent towards the viewer
[1]. The proposed algorithm [11] initially detects objects that
have significantly negative disparity by performing connected
component analysis on pixels whose negative disparity is be-
low a threshold. If the bounding box of such an object is in
contact with the upper/lower frame boundary, the object is
marked as the cause of a bent window effect.

A Stereoscopic Window Violation (SWV) arises, when
part of an object is cut off by the frame left or right border
while being in front of the screen. SWV in negative dispar-
ities is not only undesirable but also sometimes disturbing.
The proposed algorithm [12] detects SWVs by searching for
blobs with negative disparity that lie on the right image left
border and for blobs with positive disparity on the left image
right border. Having detected such blobs, one can detect the
retinal rivalry region from the disparity distribution within the
blob. The algorithm also rates the violation according to the
level of discomfort it causes, taking into account both the du-
ration of the violation and the width of the rivalry region. A
SWV can be corrected by placing a black bar (called floating
window) on the appropriate side of one of the views. The pro-
posed algorithm estimates the width of the appropriate float-
ing window for every frame involved in the violation.

2.2. Human-centered Stereoscopic Video Analysis

2.2.1. Visual Tracking and Semantic Description of 3D Per-
son/Object Position and Motion in Stereoscopic Videos

Visual tracking can be used to derive the position of a per-
son/object over time, which is an important piece of semantic
information. Furthermore, tracking results are essential for a
multitude of video content analysis algorithms, such as face
clustering and activity recognition.

A visual object tracking algorithm, that operates simulta-
neously on the left and right channel of a stereo video, was
proposed [13]. The algorithm is initialized by the object po-
sition (region of interest - ROIs) on the first frame of the left
and right video channels. Then, candidate object ROIs are
extracted individually for each channel. At first, the object lo-
cation in frame t+1 is estimated by a first order Kalman filter
and a search region is defined around the predicted position.
n candidate object ROIs are then randomly selected within
the search region so that their centers follow a Gaussian dis-
tribution around the center of the search region. Afterwards, a
coarse search for the new object position is performed based
on 2D Color-Disparity Histograms (2D-CDH). More specif-
ically, the 2D-CDHs of the candidate object ROIs are com-
puted and compared to the 2D-CDHs of the object ROI at
frame t through cosine similarity. Then, 80% of the candi-
date object ROIs with the lowest 2D-CDH similarity to the
object at frame t are discarded and a more detailed search is
performed on the remaining candidate object ROIs, based on
Local Steering Kernels (LSK) [14] similarity to an object ap-
pearance model. This model consists of the object LSK repre-
sentation in the first video frame and k additional object LSK
representations, presenting representative object instances in
previous frames. A separate object model is defined for each
video channel. The candidate object ROI with the highest
LSK similarity to the object model is considered the best can-
didate object ROI for the corresponding channel. After the
best object ROI from the left and right channel are extracted,
disparity information is exploited, in order to obtain the final
decision on the new object position.

The performance of the stereo object tracker was tested
on several challenging scenarios, in which the tracked ob-
ject performed complicated movements with changes in speed
and direction, was partially occluded and/or its appearance
changed due to changes in the view angle or due to deforma-
tion. It was proven that the stereo object tracker performance
exceeds (relative improvement) the performance of several
monocular state of the art trackers by 16% (best performing
single channel tracker) to 74% (worst performing single chan-
nel tracker) with respect to the ATA performance metric.

A general Bayesian post-processing methodology for per-
formance improvement of object tracking in stereo video se-
quences was also proposed [15]. The methodology utilizes
the results of any single channel visual object tracker in a
Bayesian framework, in order to refine the tracking accuracy



in both stereo video channels. In this framework, a varia-
tional Bayesian algorithm is employed, where prior knowl-
edge about the object displacement (movement) is incorpo-
rated via a prior distribution. This displacement informa-
tion is obtained in a pre-processing step, where object dis-
placement is estimated via SIFT feature extraction and match-
ing. In parallel, disparity information is extracted in a similar
manner and utilized in the same framework. The proposed
methodology improves the tracking accuracy of the corre-
sponding single channel tracker by as much as 11% (from
0.46 to 0.51) in terms of the ATA performance metric. More-
over, the gross/sparse disparity information that is generated
as a byproduct of tracking can be used in the semantic char-
acterization of the 3D person/object position/motion (see be-
low), without resorting to expensive-to-produce and some-
times noisy dense disparity maps.

Finally, algorithms have been devised [16] that process
the results of stereo detection and tracking, along with dispar-
ity information, in order to derive semantic characterizations
regarding:

• the position of persons/objects appearing in a specific
frame (e.g., in front/behind the screen, in/outside the
comfort zone, near/far from the viewer) ,

• movement of persons/objects (e.g., towards left/right,
to the back/front, objects approaching or moving away)
in the x-y (image) plane and the depth dimension
(through disparity) separately, when no calibration
information is available, or in the 3D capture space
when calibration information is available,

• geometric depth characteristics of persons/objects (e.g.,
shallow/deep).

2.2.2. Facial Annotation Propagation in Stereoscopic Videos

According to users (archivists) of video archives and repos-
itories, manual annotation of the large amount of data avail-
able in such repositories is a very labor-intensive task. Thus,
reducing the burden associated with content annotation is of
utmost importance. A method for the semi-automatic per-
son identity annotation on facial images obtained from stereo-
scopic videos, through graph-based annotation/label propaga-
tion, was proposed [17]. One of the novelties of the method
is that it exploits prior information for the structure of data
in order to select the facial images that should be manually
annotated in order to serve as the starting set from which la-
bel propagation will begin. This prior information is obtained
from the application of a clustering algorithm. In more de-
tail, the initialization of the set of the labelled facial images
is performed in an iterative manner, by finding the most rep-
resentative image of the cluster with the maximum cardinal-
ity and (manually) assigning to it the corresponding person
identity label. The most representative facial image of the

cluster is selected as the one with the highest similarity to
all others, i.e. the one with the highest degree of centrality.
The procedure then continues with the cluster with the sec-
ond largest cardinality and so on. Then, a sparse graph is
constructed according to the Linear Neighborhood Propaga-
tion (LNP) method [18]. According to this method, each node
(facial image) is reconstructed from its k-nearest neighbors,
subject to the constraints that the coefficients of each linear
combination are positive and sum to one. Finally, label infer-
ence/propagation is performed according to the LNP iterative
update rule that incorporates label information both from the
neighboring facial images and the facial images’ initial state.

In stereoscopic videos, the classification decision is de-
termined by combining information from the left and right
channels using two merging techniques. In the first one, label
propagation is performed in the left and right channel sepa-
rately, producing two classification matrices. Then, label as-
signment is performed based on the maximum values of the
classification matrices. In the second merging technique, la-
bel propagation is performed on the convex combination of
the graph weight matrices of the left and right channel.

Experimental results showed that the classification accu-
racy of the proposed cluster-based selection of the image set
to be manually labelled is 10% better (in terms of F-measure)
than the accuracy of the method when random selection is
used. Moreover, exploitation of stereo information causes a
relative increase in classification accuracy by 2 − 3% with
respect to the use of monocular information.

2.3. 3D Sports Video Analysis

Sports constitute a major part of 3DTV content that is be-
ing broadcast today. Thus, automatic analysis of such content
in order to derive annotations and metadata that will be used
for its indexing, search and retrieval is of considerable im-
portance. Algorithms for the automatic analysis of 3D soc-
cer broadcasts are currently under investigation within the
3DTVS project. To this end, a camera view classification
algorithm as well as an algorithm for playfield registration
in football video content have been devised. The results of
these algorithms will serve as input in more high-level anal-
ysis algorithms, such as event/highlight detection and player
detection and localization algorithms.

2.3.1. Football Camera View Classification

For the automatic analysis of football videos, it is necessary
to know what part of the playfield is currently visible. There-
fore, a classifier was developed that distinguishes the follow-
ing camera view classes overview, medium view, closeup view
and out-of-field. The features used to separate these classes
are based on 8x8 block partitioning of video frames. For each
block, three different ratios based on binary masks are cal-
culated: a) a field pixel ratio, i.e. the ratio of pixels whose



color is green (based on thresholding in HSV color space), b)
a face pixel ratio (also based on thresholding in HSV color
space) and c) edge pixel ratio based on a Canny edge detec-
tor. All these ratios for all blocks are concatenated to form a
192-dimensional feature vector. A linear support vector ma-
chine (SVM) trained using manually labelled samples is used
for the classification step. The above algorithm operates on
single-view videos. In order to improve classification accu-
racy, the use of stereoscopic features based on the disparity
maps of the content (such as depth histograms and edge-based
features evaluated on the disparity map) will be investigated.

2.3.2. Field Registration

An algorithm for the registration of a football field has been
devised. The algorithm allows a mapping between the im-
age and the world coordinate system. As stated in [19, 20,
21], the results of field registration can be used as input to
higher-level football content analysis algorithms e.g., in order
to determine the exact position (in a world coordinate sys-
tem) of players, or for detecting football highlights (goals,
corner kicks, etc.). The algorithm uses 2D field line detec-
tion and motion estimation for frames where too few field
lines are detected. The field registration problem can be stated
as the search for a transformation matrix that transforms im-
age coordinates to world coordinates. To determine this ma-
trix, at least four points in the image for which the world co-
ordinates are known have to be found. With those points,
the transformation matrix can be determined using e.g., the
RANSAC approach. By integrating motion information simi-
lar to [20], one can estimate the homography for intermediate
parts, where not enough field lines are visible. By tracking
the homography over multiple frames using a Kalman filter,
the mean error was reduced from 3.57 m to 2.53 m. Further
details on the proposed method can be found in [22]. The al-
gorithm will be extended to utilize depth information, e.g., by
eliminating homographies that are not plausible given a depth
map or by detecting the flat field in contrast to the spectator
areas, where more diverse depth information is expected.

3. MULTICHANNEL AUDIO ANALYSIS

Multichannel audio analysis aims to provide tools for the
automatic description/annotation of 3DTV content in terms
of audio. Sound events detections in single channel audio
streams is a research problem that has received considerable
attention for a few types of sound events, notably those de-
scribing speech and music [23]. There exist few papers for
other types of events (closing door, laughter, telephone, bird
species, animals, etc.) [24]. These algorithms are generally
based on sound classification, classifying the audio segment
as a whole according to its dominant sources. For detection
of overlapping audio events some sort of signal separation is
required. Nonnegative Matrix Factorization (NMF) has re-

cently been introduced to cope with this audio event detection
problem in music [25] or everyday sound events [26]. To our
knowledge there exist relatively few investigations that target
sound event detection in multi channel audio. The main goal
of the research in this area within the 3DTVS project is to
make use of the redundant information in the multi channel
audio representation to improve the detection results.

3.1. Event Detection Based on Audio Classification

This line of research deals with the use of multichannel audio
in audio classification algorithms that aim to derive annota-
tions for music related media. Initially, a baseline system has
been developed that aims to describe the audio with respect to
two concepts/events: music presence, and speech presence.
A set of standard audio features (MFCC, spectral flatness,
spectral crest, chroma) has been used, followed by tempo-
ral modelling (delta, delta-delta, mean) of these features us-
ing a sliding window analysis. Automatic feature selection is
performed using the IRMFSP algorithm [27]. Feature space
transform is performed using Linear Discriminant Analysis;
this leads to a lower dimensionality feature space in which
separation of classes is maximized. Class modelling is finally
performed using either GMM or GM.

The objective of the initial evaluation of the baseline sys-
tem was to compare the performance of the algorithm when
using downmixing to mono with the performance when us-
ing individual channels. Based on approximately 20 hours of
manually annotated film sound encouraging results have been
obtained. These results demonstrate that multi channel au-
dio leads to significant performance improvements. With the
standard configuration, using a downmix of all channels of a
5.1 3DTV audio stream, the speech/non speech classifier ob-
tains an average F-measure of 0.63. By using, for example,
only the center channel, the average F-measure increases by
10% to 0.7. Similar figures are obtained for the classification
of music/non music. In this case the F-measure figures are
as follows: 0.73 when using all channels, 0.54 when using
only the center channel, and 0.8 when downmixing the left
and right front channels. Current work includes extending the
semantic concepts that are being detected and improving clas-
sifier performance especially by means of introducing early
and late fusion strategies into the analysis algorithms.

3.2. Event Detection Based on Signal Separation

Building on previous results [25, 26] current research focuses
into extensions of the NMF framework for multichannel audio
in the form of Nonnegative Tensor Factorization (NTF) and
Nonnegative Tensor Deconvolution (NTD) [28]. The main
problem in this case is the fact that the mixing position of the
sources changes over time. To cope with this issue segmen-
tal or online versions of NTF and NTD audio event detection
algorithms [29] are being established. The term online here
refers to the fact that the audio stream is cut into segments.



For each new segment the activations and mixing coefficients
of the factorization are re-initialized randomly, while the ba-
sis are kept from the previous segment. The aims of the ini-
tial experiments were a) to compare between applying NMF
on downmix to mono and applying NTF on the complete 5.1
channel audio, b) to compare between train and test set gun-
shots (test set gunshots were not part of the training set that is
used to established the set of target basis), and c) to compare
NTF with NTD.

The audio event class studied was gunshots. 149 gun-
shots from a sound effects database were mixed into existing
film sound. A total of nearly 300 gunshots were mixed into
the movie data using different mixing strategies. 69 gunshots
were used to establish the gunshot dictionary used for detec-
tion. Experiments led to the following conclusions: NMF
detection on audio downmix to mono achieves an F-measure
of 0.52 on the training set gunshots. Switching from NMF
to NTF improves performance to about 0.79 F-measure. Per-
formance does not decrease significantly for the test set gun-
shots, which supports the conclusion that a dictionary with
10 bases is sufficient to represent all the different 149 gun-
shot. Using NTD with dictionaries covering a sequence of 10
frames increases detection performance to 0.85 F-measure. In
the future, extension of the algorithms for continuous track-
ing of audio sources that move through the audio scene (e.g.,
running cars) will be investigated.

4. 3DTV CONTENT DESCRIPTION

To allow effective utilization of the annotation data resulting
from the 3DTV audiovisual content analysis algorithms, such
data shall be organized in an efficient and structured way, that
facilitates their ingestion into a 3DTV media database sys-
tem. Thus, a description approach was developed [30] using
as a basis the Audio-Visual Description Profile (AVDP) of
MPEG-7. In this context, the semantic content analysis re-
sults are stored in XML files, syntactically compliant to the
AVDP profile. AVDP was introduced in order to allow struc-
tured description and storage of audiovisual content analy-
sis algorithms. However, the profile is oriented towards de-
scription of ”classical” audiovisual content i.e., single view
video and monophonic or stereo sound. Thus, AVDP seman-
tics do not include ways for dealing with 3DTV video content
(stereoscopic video and multichannel audio). Within 3DTVS,
a 3DTV material content description framework has been in-
troduced. This framework deals with specific 3DTV content
issues, such as how to store analysis results in the various
audio, video and disparity channels or how to define corre-
spondences between semantic entities across video/disparity
channels or across video and audio channels. The last is-
sue is important in order to cope, for example, with the fact
that the same person can be visible in both video channels.
These relations should be encoded within the semantic de-
scription. The proposed framework defines ways for storing

results generated by a wealth of semantic analysis algorithms,
such as person/object detection or tracking, activity recogni-
tion, persons/objects position/movement characterization, au-
dio event detection, face clustering, shot boundary detection,
key-frames and key-segments detection, or algorithms that
derive 3D video quality indicators and features (optimal pres-
ence factor, depth budget, depth of field mismatches, stereo-
scopic window violations, bent window effects etc). Parts of
the description related to low-level features, namely scalar or
vector-valued features, are stored in a separate MPEG-7 com-
pliant XML file, using appropriate descriptors. A ”header”
section has been also introduced in the description to encap-
sulate general information about the media such as cast, direc-
tor, plot synopsis and 3D audio / video technical parameters.

To facilitate storage of the analysis results in the pro-
posed AVDP-based framework, a library that provides C++
classes for the description of movie content entities (video,
video channel, shot, key frame, moving object etc) in an in-
tuitive way has been developed. These classes use instances
of classes from an MPEG-7 library that has also been de-
veloped, in order to save or read the description of a 3D
video in an XML file that conforms to the AVDP profile.
The main goal when constructing the library was to make it
programmer-friendly; the programmer does not need to have
a solid knowledge on the AVDP structure in order to save
his/her results in an XML file. Software tools that allow man-
ual annotation of stereoscopic videos and editing/correction
of the results generated by automatic analysis algorithms
were also devised. Finally, a tool that allows the display of
the XML annotations in an intuitive and informative way,
by utilizing timelines, overlay of information (e.g., bounding
boxes of moving subjects) on the video data and a tree-based
representation of the AVDP/MPEG 7 XML hierarchy has
been also developed.

5. MULTIMODAL 3DTV MEDIA DATABASE
ARCHITECTURE

A multimodal (audiovisual) database that will store the meta-
data derived from analysis algorithms such as the ones de-
scribed in Sections 2, 3 above and will allow efficient search
& retrieval has been studied, designed and will be imple-
mented within the project. The system will store the gener-
ated 3DTVS content metadata in XML format (MPEG-7 and
AVDP, see Section 4). These metadata include high-level (se-
mantic) 3D video and audio metadata as well as low-level 3D
video features.

The studied 3DTV archival system fits both business to
business and business to customer scenarios. Both these sce-
narios pose common requirements for such a system. More
specifically, the system should be able to provide:

• robust and scalable storage, search and retrieval of
3DTV metadata,



Fig. 1. Multimodal 3DTV database system architecture

• access to the annotated 3DTV content, most probably
in low resolution format,

• proper and intuitive display of the audiovisual data and
metadata returned as a result of a certain query,

• personalization based on user preferences, and previ-
ous search patterns, as well as relevance feedback and
rating mechanisms, towards an improved and personal-
ized search experience,

• simple and intuitive web-based interface with 3D dis-
play functionalities.

In addition, for business environments the system should
be able to provide:

• annotation functionalities for users with the corre-
sponding privileges and roles,

• support for complex queries including multimodal
queries that combine multiple metadata such as ”find
content where actor X approaches actor Y and actor Y
is speaking’ or queries related to 3DTV content quality
characteristics,

• access to high resolution 3D multimedia content,

• support for large numbers of 3DTV content items.

The proposed system will incorporate an XML database
subsystem where 3DTV data and metadata are being stored,
coupled with a relational subsystem where data for user per-
sonalization, profiling and support are being kept. An abstract
architecture of the proposed system is presented in Figure 1.
The system will utilize, both internally and externally, well
defined interfaces between the various subsystems thus allow-
ing its modular enhancement and expansion.

6. CONCLUSIONS

3D information inherent in 3DTV content (stereoscopic video
and multichannel audio) can be utilized for the efficient anal-
ysis of such content, towards its annotation, archival and
search. A number of 3DTV content analysis algorithms de-
veloped within the framework of the European R & D Project
3DTVS have been briefly presented in this paper. A frame-
work for the structured storage of the derived descriptions as
well as the main characteristics of a database system that can
accommodate and index such metadatata were also described.
Research will continue towards devising more efficient algo-
rithms or algorithms that deal with additional 3D content
analysis tasks. Multimodal analysis of 3DTV content will
also be pursued.
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