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Abstract

This paper deals with the creation of visual segment trees involved in MPEG-7 Description Schemes. After a brief
overview of MPEG-7 Description Schemes in general and of the Segment Description Scheme in particular, tools
allowing the creation of segment trees are discussed. The emphasis of the paper is on the creation of hierarchical
relationship among segments. For this purpose, it is proposed to create a Binary Partition Tree in a first step and to
restructure the tree in a second step. This approach is both efficient and flexible. Several examples involving spatial
and temporal partition trees are presented. The proposed approach is appropriate to create both tables of contents and
indexes. © 2001 Pattern Recognition Society. Published by Elsevier Science Ltd. All rights reserved.
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1. Introduction

The goal of the MPEG-7 standard [1] is to allow
interoperability among devices that deal with audio—
visual content description. The standard will involve
four types of normative elements: descriptors (Ds), de-
scription schemes (DSs), description definition language
(DDL), and encoding tools for descriptions. A descrip-
tor is a representation of a feature that characterizes the
audio—visual content. A description scheme specifies the
structure and semantics of the relationships between its
components, which may be both descriptors and descrip-
tion schemes. The description definition language allows
the specification of description schemes and descriptors.
It also allows the extension and modification of exist-
ing Description Schemes. Finally, description encoding
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schemes are needed to satisfy requirements such as com-
pression efficiency, error resilience, random access, etc.

Descriptors deal with low-level features such as color,
texture, motion, audio energy, etc., as well as high-level
features such as semantic description of objects and
events, production process or information about the stor-
age media, etc. It is expected that most descriptors cor-
responding to low-level features will be instantiated by
automatic analysis tools whereas human interaction will
be used for most high-level descriptors. DSs combine
individual descriptors as well as DSs within common
structures and define relationships among them. As for
descriptors, the instantiation of the relationships can rely
on automatic tools or on human interaction. The goal
of this paper is to discuss hierarchical relationships that
are involved in the main MPEG-7 tool used to represent
the structure of the AV content, the segment DS, and to
propose a set of simple analysis tools to instantiate them.

The organization of this paper is as follows. Section
2 briefly reviews the current MPEG-7 DS and focuses
in particular on the Segment DS. Analysis tools are
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discussed in Section 3 and conclusions are reported in
Section 4.

2. Overview of MPEG-7 description schemes
2.1. General overview of the MPEG-7 description tools

The elements, Ds and DSs, described in this section are
mainly structured on the basis of the functionality they
provide. An overview of the organization of MPEG-7
description tools is shown in Fig. 1.

At the lower level, basic elements can be found. They
deal with basic data-types, mathematical structures, link-
ing and media localization tools as well as basic DSs, that
are found as elementary components of more complex
DSs. Based on this lower level, content description and
management elements can be defined. These elements
describe the content from several viewpoints. Currently,
five viewpoints are defined: Creation & Production, Me-
dia, Usage, Structural aspects and Conceptual aspects.
The three first elements address, primarily, information
related to the management of the content whereas the
two last ones are mainly devoted to the description of
perceivable information (content description). The func-
tionality of each set of elements is more precisely defined
as follows:

e Creation and production information: It provides
information about the creation and production of the
content. Typical features include title, creator, class-
ification, purpose of the creation, etc. This information
is most of the time author-generated since it cannot be
extracted from the content.

e Usage meta information: This set of elements is re-
lated to the usage of the content. Typical features in-
volve rights holders, access right, usage history, and fi-
nancial information. This information may very likely
be subject to change during the lifetime of the AV con-
tent.

e Media description: It describes the storage media, in
particular the storage format and the encoding of the
AV content. It also provides elements for the identifi-
cation of the media. Note that several instances for the
same AV content can be described.

e Structural aspects: These elements address the de-
scription of the AV content from the viewpoint of
its structure. The description is organized around
segments that represent physical spatial, temporal or
spatio-temporal components of the AV content. Seg-
ments may be organized in a hierarchical structure
and can define Tables of Content or Indexes. Each
segment may be described by signal-based features
(color, texture, shape, motion, audio features) and
some elementary semantic information using simple
textual annotation.

e Conceptual aspects: 1t is the description of the AV
content from the viewpoint of its conceptual notions. It
involves entities such as objects, events, abstract con-
cepts and their relationships. The structural and seman-
tic descriptions may relate by a set of links. The links
relate semantic notions with their instances described
by segments.

The five sets of elements are presented here as sep-
arate entities. In practice however, they are interrelated
and may be partially included in each other. For exam-
ple, Media, Usage or Creation & Production elements
can be attached to individual segments involved in the
structural description of the content. Depending on the
application, some areas of the content description will
have to be emphasized and others may be minimized or
discarded.

Besides the direct description of the content provided
by the five sets of elements previously described, tools are
also defined for navigation and access. Browsing is sup-
ported by the summary elements. Two navigation modes
are defined: hierarchical and sequential. In the hierarchi-
cal mode, the information is organized into a succession
of levels, each describing the audio—visual content at a
specific level of detail. In general, levels closer to the
root of the hierarchy provide coarse summaries and levels
further away from the root provide more detailed sum-
maries. The sequential summary is used to specify a sin-
gle audio—visual summary, which contains a sequence of
images or video frames, possibly synchronized with au-
dio, composing a slide show or audio—visual skim. Fur-
thermore, information about possible variations of the
content is also given. Variations of the AV content can
replace the original, if necessary, to adapt different mul-
timedia presentations to the capabilities of the client ter-
minals, network conditions or user preferences.

Content organization elements address the organiza-
tion of a set of AV documents by classification, by def-
inition of collections and by modeling. The Collection
DS groups segments, events, and/or objects from multi-
ple descriptions in collection clusters, specify properties
common to all elements in a cluster and describes statis-
tics of their attribute values.

Finally, the last set of tools is the User Preference
DS. Tt is used to describe users’ preferences pertaining to
the consumption of multimedia material. The correspon-
dence between user preferences and content descriptions
facilitates accurate and efficient personalization of con-
tent access and content consumption.

2.2. Segment description scheme

Let us detail more precisely the segment DS. It ad-
dresses the description of the physical and logical aspects
of AV content. Segment DSs may be used to form seg-
ment trees to define the structure of the AV content, i.e.
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Fig. 1. MPEG-7 Multimedia description schemes.

a table of contents or an index. MPEG-7 also specifies
a SegmentRelation DS. It is used to describe temporal,
spatial, and spatio-temporal relationships, among others,
between segments that are not described by the tree struc-
tures. However, in this paper we will focus on Segment
tree structures.

A segment represents a section of an AV content item.
The Segment DS is an abstract class (in the sense of
object-oriented programming). It has five major sub-
classes: AudioVisualSegment DS, AudioSegment DS,
StillRegion DS, MovingRegion DS and VideoSegment
DS. Therefore, it may have both spatial and temporal
properties. A temporal segment may be a set of samples
in an audio sequence, represented by an AudioSegment
DS, a set of frames in a video sequence, represented
by a VideoSegment DS or a combination of both rep-
resented by an AudioVisualSegment DS. A spatial seg-
ment may be a region in an image or a frame in a video
sequence, represented by a StillRegion DS. Finally, a
spatio-temporal segment may correspond to a moving re-
gion in a video sequence, represented by a MovingRegion
DS. The Segment DS is abstract and cannot be instanti-
ated on its own: it is used to define the common prop-
erties of its subclasses. Any segment may be described
by creation information, usage information, media infor-
mation and textual annotation. Moreover, a segment can
be decomposed into subsegments through the Segment-
Decomposition DS.

A segment is not necessarily connected, but may be
composed of several unconnected components. Connec-
tivity refers here to both spatial and temporal domains. A
temporal segment (VideoSegment and AudioSegment)
is said to be temporally connected if it is a sequence of
continuous video frames or audio samples. A spatial seg-

ment (StillRegion) is said to be spatially connected if it is
a group of connected pixels. A spatio-temporal segment
(MovingRegion) is said to be spatially and temporally
connected if the temporal segment where it is instantiated
is temporally connected and if each one of its tempo-
ral instantiations in a frame is spatially connected (note
that this is not the classical connectivity in a 3D space).
Fig. 2 illustrates several examples of temporal or spatial
segments and their connectivity. Figs. 2(a) and (b) il-
lustrate a temporal and a spatial segment composed of
a single connected component. Figs. 2(c) and (d) illus-
trate a temporal and a spatial segment composed of three
connected components. Note that, in the latter case, the
descriptors and DSs attached to the segment are global
to the union of the connected components building the
segment. At this level, it is not possible to describe in-
dividually the connected components of the segment. If
connected components have to be described individually,
then the segment has to be decomposed into various sub-
segments corresponding to its individual connected com-
ponents.

The Segment DS is recursive, i.e., it may be subdivided
into sub-segments, and thus may form a hierarchy (tree).
The resulting segment tree is used to define the media
source, the temporal and/or spatial structure of the AV
content. For example, a video program may be tempo-
rally segmented into scenes, shots, and micro-segments;
a table of contents may thus be generated based on this
structure. Similar strategies can be used for spatial and
spatio-temporal segments. A segment may also be de-
composed into various media sources such as various au-
dio tracks or various viewpoints from several cameras.
The hierarchical decomposition is useful to design effi-
cient search strategies (global search to local search). It
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Fig. 2. Examples of segments: (a) and (b) segments composed of a single connected component; (c¢) and (d) segments composed
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also allows the description to be scalable: a segment may segment may be subdivided into sub-segments of differ-
be described by its direct set of descriptors and DSs, but ent types, e.g. a video segment may be decomposed in
it may also be described by the union of the descriptors moving regions that are themselves decomposed in static

and DSs that are related to its sub-segments. Note that a regions.
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Table 1

Specific features describing the various segments. All segments
may also be described by creation, usage, media information
and textual annotation

Features Video Still Moving  Audio

segment  region  region segment
Time X X X
Color, Texture X X X
Spatial geometry X X
Editing effect X X X
Motion X X
Camera motion X X
Mosaic X X
Audio features X

As it is done in a spatio-temporal space, the decompo-
sition has to be described by a set of attributes defining the
type of subdivision: temporal, spatial, spatio-temporal or
media sources. Moreover, the spatial and temporal sub-
divisions may leave gaps and overlaps between the sub-
segments. Several examples of decompositions are de-
scribed for temporal segments in Fig. 3. Fig. 3(a) and
(b) describe two examples of decompositions without
gaps or overlaps (partition in the mathematical sense).
In both cases, the union of the children corresponds
exactly to the temporal extension of the parent, even
if the parent is itself non-connected (see the example
of Fig. 3(b)). Fig. 3(c) shows an example of decomp-
osition with gaps but no overlaps. Finally, Fig. 3(d)
illustrates a more complex case where the parent is com-
posed of two connected components and its decompo-
sition creates three children: the first one is itself com-
posed of two connected components, the two remaining
children are composed of a single connected component.
The decomposition allows gap and overlap. Note that,
in any case, the decomposition implies that the union of
the spatio-temporal space defined by the children seg-
ments is included in the spatio-temporal space defined
by their ancestor segment (children are contained in their
ancestors).

Specific features describing specialized segment types
are reported in Table 1. Most of the descriptors corre-
sponding to these features can be extracted automatically
from the original content. For this purpose, a large num-
ber of tools have been reported in the literature (see Ref.
[2] and the reference therein). Less attention has been
devoted to the design of tools allowing the instantiation
of the decomposition involved in the Segment DS. This
decomposition can be viewed as a hierarchical segmen-
tation problem where elementary entities (region, video
segment, etc.) have to be defined and structured by an
inclusion relationship within a tree. In the following sec-
tion, we propose and discuss a possible strategy to create
VideoSegment and StillRegion trees.

3. Tools for segment tree creation
3.1. Visual Segment Tree creation

The extraction of individual spatial or temporal re-
gions and their organization within a tree structure can
be viewed as a hierarchical segmentation problem also
known as a partition tree creation [2]. The strategy we
propose here involves three steps illustrated in Fig. 4:
The first step is a conventional segmentation; its goal is
to produce an initial partition with a rather high level of
details. Depending on the nature of the segment tree, this
initial segmentation can be a shot detection algorithm
(for VideoSegment) or a spatial segmentation following
a color homogeneity criterion (for StillRegion). The sec-
ond step is the creation of a Binary Partition Tree (BPT).
Combining the segments (VideoSegment or StillRegion)
created in the first step, the BPT defines the set of seg-
ments to be indexed and encodes their similarity with the
help of a binary tree. Finally, the third step restructures
the binary tree into an arbitrary tree. In this proposal, an
intermediate representation relying on a BPT is used be-
cause, on the one hand, there exist efficient strategies to
create the binary tree and, on the other hand, this represent-
ation provides enough flexibility to create the final tree.

The first step is a classical segmentation. Efficient spa-
tial segmentation techniques can be found in Refs. [3-7]
Temporal segmentation algorithms are described in Refs.
[8—10]. Finally, an overview can be found, for example,
in Ref. [2] and the references contained therein. The fol-
lowing sections focus on the two last steps: BPT creation
and tree structuring.

3.2. Binary Partition Tree creation

The second step of the Segment Tree creation is the
computation of a BPT [11]. Each node of the tree rep-
resents connected components either in space (StillRe-
gion) or in time (VideoSegment). The leaves of the tree
represent the segments defined by the initial segmenta-
tion step. The remaining nodes represent segments that
are obtained by merging segments represented by the
children. This representation should be considered as a
compromise between representation accuracy and pro-
cessing efficiency. Indeed, all possible mergings of the
initial segments are not represented in the tree. Only the
most “useful” merging steps are represented. However,
the main advantage of the binary tree representation is
that efficient techniques are available for its creation (see
Refs. [12,13] for example) and it conveys enough in-
formation about segment similarity to construct the final
Segment Tree.

3.2.1. Spatial segments
In this section we describe the creation of spatial bi-
nary partition trees (temporal trees will be discussed in
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Section 3.2.2). The BPT should be created in such a way
that the most “useful” segments are represented. This
issue can be application dependent. However, a possible
solution, suitable for a large number of cases, is to cre-
ate the tree by keeping track of the merging steps per-
formed by a segmentation algorithm based on segment
merging (see Refs. [12,14,15]). In the following, this in-
formation is called the merging sequence. Let us consider
a simple case with StillRegions: starting from the initial
partition produced in the first step, the algorithm merges
neighboring regions following a homogeneity criterion
until a single region is obtained. An example is shown in
Fig. 5. The original partition involves four regions. The
regions are indicated by a letter and the number indicates
the mean gray level value. The algorithm merges the four
regions in three steps. In the first step, the pair of most
similar regions, B and C, are merged to create region E.
Then, region E is merged with region D to create region
F. Finally, region F' is merged with region A and this cre-
ates region G corresponding to the region of support of
the whole image. In this example, the merging sequence
is: (B, C)|(E,D)|(F,A). This merging sequence progres-
sively defines the Binary Partition Tree as shown in
Fig. 5. As can be seen, the merging is done iteratively
between pairs of regions. The resulting tree is therefore
binary.

A simple way to create a BPT is to use a color homo-
geneity criterion. At each step of the merging algorithm,
the most similar regions in terms of color are merged
together. The distance between regions R; and R; is

defined by the following expression:
d = Ni||Mp, — Mg,0, ||2 + Na||Mg, = Mr,ury |2, (1)

where N and N, are the numbers of pixels of regions R;
and Ry; ||.||> denotes the ¥, norm; and My represents
the model for region R. The model is a mathematical
function used to represent the region. In our example,
it consists of three constant values describing the YUV
components of the region. The distance between regions
given by Eq. (1) defines the order of merging of regions.
The interest of this merging order, compared to other
classical criteria, is discussed in Ref. [12].

However, it should be noticed that the homogeneity
criteria (or distance d) is not always restricted to color.
For example, if the image for which we create the BPT
belongs to a sequence of images, motion information can
be used to generate the tree: in a first stage, regions are
merged using a color homogeneity criterion, whereas a
motion homogeneity criterion is used in the second stage
[16,17]. Fig. 6 presents an example of BPT created with
color and motion criteria on the Foreman sequence. The
nodes appearing in the lower part of the tree as white
circles correspond to the color criterion, whereas the gray
squares correspond to the motion criterion. The process
starts with a color criterion and then, when a given peak
signal-to-noise ratio (PSNR) is reached, it changes to
the motion criterion. As can be seen, regions that are
homogeneous in motion such as the face and helmet are
represented by a single node (B) in the tree.
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Fig. 7. Example of partition tree creation with restriction imposed with object masks.

Furthermore, additional information about previous
processing or detection algorithms can also be used to
generate the tree in a more robust way. For instance, an
object mask can be used to impose constraints on the
merging algorithm in such a way that the object itself
is represented as a single node in the tree. Typical ex-
amples of such algorithms are face, skin, character or
foreground object detection. An example is illustrated in
Fig. 7. Let us assume for example that the original Chil-
dren image sequence has been analyzed so that masks of
the two foreground objects are available. If the merging
algorithm is constrained to merge regions within each
mask before dealing with the remaining regions, the
region of support of each mask will be represented as
a single node in the resulting BPT. In Fig. 7, the nodes
corresponding to the background and the two foreground
objects are represented by squares. The three subtrees
further decompose each object into elementary regions.

3.2.2. Temporal segments
The approach described in the previous section can
also be used for VideoSegments [13]. In this case each

node of the tree represents a connected component in
time. Assume, for example, that the initial segmentation
of the drama sequence has produced the set of elementary
shots shown in Fig. 8. In this example, one can see: the
initial shot (#1), a hall scene (#2—-#8), the living room
scene (#9—#13 and #15) and a dialogue scene (#16—
#18). A BPT can be constructed by keeping track of the
merging sequence of a shot merging algorithm.

The merging algorithm used in the temporal BPT cre-
ation is the same as the one for the spatial case. Using
a homogeneity criterion, the most similar temporal seg-
ments are merged together in an iterative way.

Each shot is described by a model from which the
homogeneity criterion is derived. The shot model may
involve average images, histograms of luminance/
chrominance information (YUV components) and his-
tograms of motion information (x and y components of
the motion vectors). In Fig. 9, an example of average
images and color histograms for a given shot is shown.
Notice that all the frames of the shot are used to compute
the models. This approach requires a higher computa-
tion load than using, for example, a single key-frame,
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Fig. 9. Mean images and histograms for shot #9 of drama sequence (see Fig. 8).

but it provides better results. Motion information is
represented in an analogous way by creating average
images and histograms for the x and y motion vector
components. Both luminance/chrominance [18,19] and
motion [19,20] seem to provide useful information, but
from our experimental results, luminance/chrominance
information appears to be more important than the mo-
tion information, which implies that it is not mandatory

to compute the motion vectors saving, therefore, some
computation load.

At the beginning of the merging process, each node
represents a single shot. In the following merging steps,
a node may represent more than one shot. For example,
in Fig. 10 nodes 25 and 26 represent shots {2,...,8} and
{11,12, 13}, respectively. Since the content associated to
each shot can be quite different, the model associated to
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Fig. 10. Intermediate step in the merging process for the VideoSegment tree creation. The first row of nodes represents the Region
Adjacency Graph after eleven iterations. The numbers above the links give the maximum and minimum distances as defined by
Eq. (3) (in brackets the involved shots).

a node which represents more than a single shot is the
union of all the models of the shots that it contains (a
similar idea is used in Ref. [21]). The node is not modeled
using, for example, the average of the models associated
to each shot it contains. Experimental evidences have
shown that the merging of different shots rapidly leads
to random statistical estimation.

The merging order relies on a distance computed from
the features represented in the segment model. At the
beginning of the merging process, the VideoSegments
represent individual shots and the shot similarity is com-
puted as follows: if 4 and B denote two different shots,
and f% (resp. f%) the feature k of the shot A (resp. B) (an
average image or a histogram), an elementary Euclidean
distance between the shot features is given by

N
N ENES S O () @)
i=1

where N is the number of pixels if f is an image, or the
number of bins if f} is a histogram.

The distance between two shots is the weighted aver-
age of the feature distances:

M
d(4,B) = Z%Zwkc«fﬁ,ff ) 3)

k=1 Wk j—

where M is the number of features to compare and wy
the weight of each individual feature distance.

In the following merging steps, the distance has to be
computed between nodes that may represent a large num-
ber of shots. Since the merging process may combine
shots with quite different luminance/chrominance or mo-
tion information, two distances are computed: the min-
imum and the maximum distances (dmin, dmax ) between
all pairs of shots included in each VideoSegment [21]
(see Eq. (3)).

The merging order is defined by the minimum dis-
tance but the merging is actually performed only if the
maximum distance is below a given threshold. An exam-
ple of BPT is shown in Fig. 11. Inside each leaf node,
the associated shot number is indicated together with its
starting and ending frame number (between brackets).
In each remaining node, a label, the step at which the
node has been created (between parenthesis, next to the
node label), and the minimum and maximum distances
(between brackets) are indicated. Note that the BPT cre-
ation stops when all of the segments have been merged
into a single node. In this example, it can be seen that
all shots belonging to the initial hall scene appear in the
same branch (node label: 19-24). Also, the living room
shots are grouped in the same branch (node label: 20
and 26).

Furthermore, as in the case of the spatial BPT, it is pos-
sible to use additional information in order to construct
the tree in a more robust way. Information concerning the
type of transition between the initial shots may be used
to estimate the distance between nodes. Such transitions
can be classified in scene cuts or soft transitions (dis-
solves, fadings, wipes, etc.). It is known that the presence
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Fig. 11. Binary Partition Tree created by the shot merging algorithm. The initial shots are shown in Fig. 8. The top node represents
the whole sequence, while the leaf nodes represent the initial shots.

of a soft transition is likely to be related to a change of 3.2.3. Table of contents and indexes
semantic in the content. As a result, a high weight should Until now, we have assumed that the segments that
be used in order to delay the merging of nodes until all were allowed to be merged were neighbors (either in

the low-weight transitions get merged. time or in space). The resulting BPT can be considered
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as a kind of Table of Contents since it is constrained by
the temporal or spatial organization of the content. How-
ever, if we remove the constraint of having neighboring
segments, then the algorithm performs a classification or
clustering of the segments based on their similarity. This
classification approach leads to hierarchical indexes. An
example based on VideoSegment is shown in Fig. 12.
This example has to be compared with the one of Fig.
11. Note, in particular, how all the shots belonging to the
hall scene appear below node 27 and shots belonging to
the living room scene are below node 31. Note that both
structures are considered in MPEG-7 Segment DS since
segments may have several connected components.

3.3. Restructuring of the BPT

3.3.1. Restructuring strategy
The purpose of restructuring the Binary Partition Tree
is to create an arbitrary tree that reflects more clearly

—D

Fig. 13. Example of Binary Partition Tree restructuring. The
original Binary Partition Tree is shown on the left. Square
shaped nodes have to be removed, whereas circular shaped
nodes have to be kept. The resulting restructured tree is shown
on the right.

the video or image structure. To this end, nodes that
have been created by the binary merging process but do
not convey any relevant information should be removed.
These nodes appear due to the fact that all the merging
steps necessary to progress from an initial partition to a
partition with one region are represented within the tree.
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Fig. 14. Example of Region Tree restructuring. Top: original Binary Partition Tree. Square shaped node are nodes to be removed,
whereas circular shaped nodes are nodes to be kept. Bottom: restructured tree. Several regions with their associated node in the

Binary Partition Tree and the restructured tree are also shown.

Therefore, some merging steps are more reliable than
others. For instance, very similar segments may merge
in an arbitrary order depending on the similarity measure
used to merge them and the level of noise included in
each segment. The restructuring algorithm should be able
to detect such nodes and remove them.

The restructuring algorithm can be divided in two
stages. In the first stage, a criterion y is assessed for each
node of the BPT. If the criterion ¥ is below a certain
threshold @, the corresponding node is marked as to be
removed. In the second stage, the decisions taken in the
previous stage are used to restructure the tree. Nodes to
be removed are eliminated whereas the remaining nodes
are preserved and linked to their first preserved ances-
tor. Note that the reconstruction creates new relationships
between nodes and that the resulting tree is not binary
anymore. Fig. 13 shows an example of tree restructur-
ing. On the left-hand side, the original BPT is shown.

Nodes to be removed are depicted with a squared shape,
whereas nodes to be kept have a circular shape. The re-
structured tree is shown on the right. Note that the leaves

and the root node should always be kept in the final
tree.

In the following section, the algorithms used to restruc-
ture the tree for the spatial and the temporal segments
are explained. The only difference between them is the
criterion used to decide which nodes have to be removed

and which have to be kept.

3.3.2. Spatial segments
As explained in the previous section, restructuring is

based on assessing a criterion for each node of the BPT
(excluding the leaves and the root node). The criterion
used to decide if a node must appear in the final tree is
based on the variation of the distance d (homogeneity
criterion) used to create the BPT. If the node has been
created following a color homogeneity criterion, it is re-
moved from the tree if the following condition is satis-

fied:

|d(analyzed node) — d(parent node)| -
d(analyzed node)

6. 4)
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Fig. 15. Interactive tool allowing the manipulation of the resulting tree.

Eq. (4) measures the relative difference between the dis-
tance (Eq. (1)) associated to a node and its parent. Note
that the simple difference between the distances cannot
be considered since the color homogeneity criterion that
has been used to create the BPT (see Eq. (1)) depends
on the size of the regions to be merged. Therefore, the
distance d increases proportionally to the area as regions
are merged together.

Furthermore, Eq. (4) may be interpreted as follows:
if a set of connected regions have similar color, their
associated distances will be similar. As a result of noise or
minor color differences, the regions merge in any order.
Eq. (4) is a criterion that may be used to identify these
random mergings.

Fig. 14 shows a complete example of tree restructuring.
A BPT (on top) has been created, for the object shown
on the left, following a color homogeneity criterion
(Eq. (1)). That is, the region of support of the root node
of the tree is the object itself rather than the whole im-
age. Eq. (4) has been used to define the set of nodes to
be removed (indicated with a squared shape in Fig. 14).
The restructuring algorithm constructs the tree shown at
the bottom of Fig. 14. This tree conveys only the most
important information of the BPT.

Several regions indicating their associated node in the
BPT and in the final tree are shown to illustrate the im-

provement of the restructuring algorithm. Note, for ex-
ample, that the face is represented in the original BPT as
a node that has been obtained by merging several simi-
lar (in color) neighboring regions. Therefore, the regions
associated to the skin of the face may merge in any order
creating a set of nodes which do not convey any infor-
mation (observe the large branch of descendants of the
node associated to the face in the BPT). The criterion
(Eq. (4)) decides to remove most of these intermediate
nodes. In the restructured tree, the node associated to the
face has three children: one associated to the mouth, one
to the left eye and one to the skin of the face. The latter
may be further decomposed in several subregions com-
posing the skin of the face.

The process described so far is purely automatic. How-
ever, in practical situations, it may be useful to check
and possibly to modify the tree structure on the basis of
human interaction. The interactive editor shown in Fig.
15 allows one to browse the tree structure, to modify
the tree structure by cut and paste of tree branches and
to prune the tree. Moreover, some semantic keywords
may be assigned to the segments. The main difference
between this kind of tool and interactive tools developed
for classical segmentation [22,23] is that here the goal
is to modify the tree structure rather than the partition
itself.
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3.3.3. Temporal segments

The only difference between the spatial and temporal
cases is the criterion used to decide which nodes must be
preserved in the restructured tree. In the restructuring of
the temporal BPT, where a more complex model is used
for shot merging, the minimum and maximum distances
are used and the condition to remove a node from the
tree becomes

|dmin(analyzed node) — din(parent node)| < O,
|dmax(analyzed node) — dmar(parent node)| < @.  (5)

By using both the maximum and minimum distances,
it is possible to check the similarity variation of the pair
of closest shots as well as of the most different pair of
shots contained in the analyzed node. In this way, the
analyzed node will only be removed from the restructured
tree if both the minimum and maximum similarities do
not differ significantly from those in the parent node.

The restructuring of the BPTs presented in Fig. 11 and
12 is shown in Fig. 16. For the Table of Contents (left)
the final tree represents more clearly the structure of the
video sequence. In the first level of the hierarchy, there
are two nodes (one for the header of the program and
another for the program itself). In the second level, the
decomposition creates several sections: the hall scene,
a small transition with shots 9 and 10, the living room
scene, shot 14 and a dialogue (below node 29).

For the Index (right), the number of levels in the tree
has also been greatly reduced with respect to the binary
one. This tree represents more clearly the clustering of

shots according to their similarity. For example, shots
2-8 representing the hall scene have been grouped and
TV screen shots 10, 14 appear jointly below node 28.
Although they are connected in time, shots 9, 11, 12, 13,
15, 16, 17, 18 have been grouped together because they
all occur in the same living room.

In order to be able to refine the automatically generated
result, an interactive editor allowing the modification of
the structure of the tree has been implemented (see Fig.
17). This tool displays the tree in two different ways:
as a tree or as a set of key-frames,! allowing, in both
cases, the adaptation of the tree visualization at different
hierarchical levels.

In the tree visualization mode, a label is assigned to
each node depending on its position in the tree and the
position of its neighbors. In the example of Fig. 17, the
labels assigned to each level follow the following hier-
archy: Chapter, Section, Subsection, Paragraph and Shot
(Chapter, Section, Subsection and Paragraph are com-
monly considered as scenes). This visualization mode al-
lows cut and paste tree branches as well as insertion of
new intermediate nodes. It is also possible to temporarily
move nodes to the auxiliary tree (below the main tree)
in order to create more complex structures.

! For a node that represents a single shot, the corresponding
key-frame is the central image of the shot. For a node that
represents more than one shot, the key-frame associated to the
first shot is used.
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In the temporal visualization mode (timeline), a suc-
cession of key-frames around the selected node (which
appears in the center of the panel) is shown. A border
between consecutive nodes is active (fully drawn) if its
previous and succeeding nodes are not siblings in the tree
(in the current hierarchy level). This mode allows the ac-
tivation or deactivation of the borders between segments
and is specially useful when new levels need to be in-
serted into the tree.

4. Conclusion

This paper has reviewed the Segment Description
Scheme (DS) involved in MPEG-7 Description Schemes.
The Segment DS is used to specify physical structures
and signal properties. It may be used to define tables of
contents and indexes of the documents. Low-level fea-
tures such as shots, regions, color, texture, motion, etc.
are described in the Segment DS. The review has high-
lighted the necessity to use automatic analysis tools not
only for low-level descriptors but also for some of the
relationships defined in the Segment DS. In particular,
each segment may be decomposed to form a tree. This
tree computation goes beyond the classical segmentation
problem and new tools are needed.

In this paper, the strategy proposed to compute seg-
ment trees involves three steps. The first one is a clas-
sical segmentation which creates elementary segments.
These elementary segments form the leaves of a BPT.
The BPT itself is computed in a second step by keep-
ing track of the merging steps resulting from a segment
merging algorithm. At this stage, complex criteria can
be used. Moreover the type of features used to compute
the merging order may change in the hierarchy (for
example color and motion in the example of Fig. 6).
Finally, the BPT is restructured to create an arbitrary
segment tree reflecting the signal properties. This
restructuring is based on the study of the evolution of the
homogeneity criterion along tree branches. As can be
seen, the BPT is used as an intermediate representation.
This approach is proposed because efficient algorithms
exist for the computation of BPTs and moreover, the
restructuring of the BPT can be performed in a robust
way.
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