Chapter 10
Conclusions and perspectives

This chapter concludes the dissertation by summarizing the main developments and results
of this work. Possible directions for further research and indications for potential applications

are given as well.

10.1 Summary

This thesis analyzes the problem of video compression with content-based functionalities in
the framework of segmentation-based video coding systems. Two major problems have been
considered. The first one is related with coding optimality in segmentation-based coding
systems. Regarding this subject, the feasibility of a rate-distortion approach for a complete
region-based coding system has been shown. The second one is how to address content-based

functionalities in the coding system proposed as a solution of the first problem.

Optimality, as defined in the framework of rate-distortion theory, deals with obtaining a
representation of the video sequence that leads to a minimum distortion of the coded signal
for a given bit budget. In the case of segmentation-based coding systems this means to obtain
an ‘optimal’ partition together with the best coding technique for each region of this partition
so that the result is optimal in an operational rate-distortion sense. In Chapter 5 a formal
description of the problem has been given for independent, non-scalable coding. An algorithm
to solve the problem in the general case has been also proposed. The major concern of
Chapter 6 is the application of this algorithm to a specific segmentation-based coding system,
the so called SESAME. In SESAME, each frame is segmented into a set of regions, that are
coded independently. Segmentation involves both spatial and motion homogeneity criteria.
To exploit temporal redundancy, a prediction for both the partition and the texture of the
current frame is created by using motion information. The time evolution of each region is
defined along the sequence (time tracking). The results are optimal (or near-optimal) for the

given framework in a rate-distortion sense. The definition of the coding strategy involves a
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global optimization of the partition as well as of the coding technique/quality level for each
region. Experimental results have been presented for different test sequences, along with a

comparison (in terms of compression performance) of SESAME with MPEG-4 and H.264.

In Chapter 7 the investigation has been extended to the problem of video coding opti-
mization in the framework of a system that can address content-based functionalities. The
focus has been in the various types of content-based scalability and object tracking. The
generality of the problem has also been extended by trying to include the spatial and tem-
poral dependencies between frames and scalability layers into the optimization schema. In
this case the solution implies finding the optimal partition and set of quantizers for both the
base and the enhancement layers. Due to the coding dependencies of the enhancement layer
with respect to the base layer, the partition and the set of quantizers of the enhancement
layer depend on the decisions made on the base layer. As this results in solutions that are
extremely costly from the computational point of view, the study has been limited to sets of
two frames or scalability layers. Also, a solution for the independent optimization problem
(i.e. without tacking into account dependencies between different frames of scalability layers)

has been proposed to reduce the computational complexity.

In Chapter 8 these solutions have been used to extend the SESAME coding system. The
extended coding system, named XSESAME, supports different types of scalability (PSNR,
Spatial and temporal) as well as content-based functionalities, such as content-based scal-
ability and object tracking. The structure of XSESAME is an evolution of the structure
of SESAME. Images are segmented into regions and prediction is used to exploit temporal
redundancy as in the former coding system. In the enhancement layer, information can be
refined by residual error coding or by using a finer partition. Additionally, methods to exploit
spatial redundancy between base and enhancement scalability layers have been provided, as
well as a new prediction mode to deal with temporal redundancy between enhancement lay-
ers. To properly address content-based functionalities, some modifications have been done in
both the construction of the Projected Partition and the Partition Tree in order to ensure
that the contours of the selected object are available at the Partition Tree. Two different
operating modes for region selection in the enhancement layer have been presented: One
(supervised) aimed at providing content-based functionalities at the enhancement layer and

the other (unsupervised) aimed at coding efficiency, without content-based functionalities.

In order to improve the coding efficiency of partitions, the extension of the Multi-Grid
Chain Code contour coding technique to inter-frame and scalable modes has been investigated.
The results presented in this work show that, while the coding efficiency of MGCC (lossy) is
superior to CC (lossless) in intra-mode coding, the lossy nature of MGCC introduces some
problems that result in a performance degradation due to necessary side information that
has to be sent to properly decode the contours. This overhead causes the inter and scalable

MGCC technique to perform worse than inter and scalable CC.
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Integration of object tracking into the segmentation-based coding system has been investi-
gated in Chapter 8. In the general case, tracking is a very complex problem. If this capability
has to be integrated into a coding system, additional problems arise due to conflicting re-
quirements between coding efficiency and tracking accuracy. This has been solved by using
a double partition approach, where pure spatial criteria are used to re-segment the partition
used for coding. The projection of the re-segmented partition results in more precise adaption
to object contours. A merging step is performed a posteriori to eliminate the excess of regions
originated by the re-segmentation. Experimental results for different test sequences show a

good performance, even in sequences with complex motion.

Experimental results for the different types of scalability have been provided in Chapter 8,
demonstrating the different scalability modes. Comments on the operation of the algorithm
can also be found in this chapter, such as the number of regions used or the types of tex-
ture coding techniques that are selected. A comparison with MPEG-4 is also provided. The
operation of dependent and independent optimization modes have been compared. Depen-
dent optimization allows to obtain a big gain in coding efficiency when comparing with the

independent optimization algorithm.

Finally, comments about all the work are provided in Section 10.2 and some possible lines

for the future work are outlined in Section 10.3.

10.2 Conclusions

Video compression is a research field that has been very active in the last years, with a large
number of people involved and with the approval of standards such as MPEG-4 and H.264.
The improvements in raw coding efficiency have been immediately used in many applications,
such as video streaming over the Internet or wireless channels. Content-based representation
has been also a very active field. MPEG-4 has been the first video coding standard supporting
content-based representation. However, MPEG-4 is a block-based coding system. Texture,
motion and shape information is encoded and transmitted in a block by block basis. This

mixed scheme may restrict separate access to the different information fields

The work that has been presented in this thesis shows that, by changing completely
the coding paradigm from blocks to regions, content-based functionalities can be supported
more easily by the coding system. It has been shown how the proposed segmentation-based
coding system can address properly content-based functionalities such as object tracking and
object-based scalability. Segmentation-based coding systems were introduced to overcome
the problems of block-based systems in terms of coding efficiency. Until the moment, and
except for very concrete cases, they can not match the performance of today’s reference in
coding efficiency, namely H.264. This is natural if the difference in the amount of research

invested in both fields along the years is considered.
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However, in the work presented here, this ability to represent content-based functional-
ities comes at the expense of increased complexity at the encoder. XSESAME encoder is
significantly more computationally intensive than the MoMuSys encoder, even without the

new prediction modes of the later.

10.2.1 Details of the encoder operation:

Important information about the operation of the encoder can be derived from the analysis

of all the tests performed.

e Number of regions: Usually, partitions with a low number of regions are selected (even
with only one region covering the entire frame), both in the base and in the enhancement
layers. In many cases, the partition in the enhancement layer is the same as in the base
layer and the improvement is achieved by refining the texture through residual error
coding. In sequences where motion is important, more regions are used. This behavior

is common to all types of scalability (PSNR, Spatial and Temporal).

An increase in the bit-rate usually results in a decrease in the average number of regions
per partition, specially in full frame mode. Using more regions require an increased
percentage of the bit budget for coding the contours of these regions, at the expense of
texture coding. This is less effective from an R-D point of view. In object functionalities
mode, the number of regions is heavily influenced by the need to include all the contours

of the object, so dependencies on bitrate are less evident.

o Terture coding techniques: For the base layer, the behavior is common to all scalability
types and operation modes: Inter-frame techniques are selected more often than intra-
frame techniques, specially at low bitrates. In sequences with a large motion or when

the frame-rate is decreased, the use of intra-mode techniques becomes more noticeable.

In the enhancement layer, the behavior depends on the scalability type and also on the
operation mode: In PSNR mode, both inter-frame and layer intra techniques are widely
used, with some advantage for inter-frame techniques. In Spatial scalability, layer intra
techniques are less used because they require an interpolation step that reduces its
performance. In object functionalities mode and for all types of scalability, inter-frame
techniques are less used than in full frame scalability. The higher number of regions in
object functionalities mode makes inter-frame techniques less efficient for small regions
due to the cost of the motion vectors. Temporal scalability uses mainly inter-frame

techniques.

e Coding efficiency: The analysis of the coding efficiency of the XSESAME coding system
shows that there is much room for improvement in this point. In particular, some of
the improved prediction techniques used in H.264 and MPEG-4 could be adopted.
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In this thesis, the efforts to improve the coding efficiency have been devoted to three

main points, using a formulation specific to segmentation-based coding systems:

— The use of a Rate-Distortion framework to drive the bit-allocation. By comparison
with the region-based coding algorithm presented in [119] using a much simpler
bit allocation rule, the current algorithm provides a gain of between 2 and 3 dB of
PSNR for very low bit rates (30-40 kbps) [117].

— Improving partition coding: While prediction techniques and texture coding tech-
niques have evolved enormously in the last years, the field of efficient partition
coding in the general case (this is, with an arbitrary number of regions) is still
open to many improvements. This was the motivation for concentrating our ef-
forts in this field. In this thesis, the possibility to extend the Multi-Grid Chain
Code (MGCC) contour coding technique to inter-frame mode and layer intra mode
has been studied. Lossy techniques can provide better performance than lossless
techniques but they must deal with the problem of preserving the partition topol-
ogy. This is specially difficult in the case of generic partitions. The proposed
approach to inter-frame and layer intra MGCC allows to solve this problem but
the extra information necessary to preserve partition topology reduces the perfor-

mance, specially for dense partitions.

— Study of a dependent optimization algorithm. Conclusions for this subject are

given in Section 10.2.3.

10.2.2 Object tracking

Experimental results show that a good performance can be achieved in most sequences. Ob-
jects can be tracked with accuracy even in sequences with complex motion. However, in some
cases, regions from the background are mistakenly included in the selected object. To avoid
this kind of errors, any high level information about the object (color, shape, ...) could be

used to help the decision on whether a regions belongs to the object or to the background.

10.2.3 Dependent optimization

Dependent optimization improve significantly the coding efficiency (between 0.7 and 2 dB),
depending on the scalability type (PSNR, spatial or temporal) and also on the operation mode
(full frame or object functionalities). Larger gains are obtained for object functionalities mode
due to the larger number of regions in this mode.

In PSNR scalability, the main difference between the dependent and the independent op-

timization algorithms is that dependent optimization allocates more bits to the enhancement

layer at the expense of the base layer. This is because the goal is to maximize the quality of
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the enhancement layer. In Temporal scalability, the bit budget is shared almost equitatively
between both layers because the optimization algorithm is oriented towards maximizing the
PSNR averaged between the base and enhancement layers. Spatial scalability is where the
gains are less evident because, being the base layer encoded at a lower resolution, a lower
amount of the bit budget is usually allocated to this layer. The contribution of the base
layer to the quality of the enhancement layer is lower than in the PSNR case, for example.
Therefore, the number of choices of the dependent optimization algorithm are reduced and

smaller gains are obtained.

The dependent optimization algorithm usually selects partitions with less regions than the
independent optimization algorithm, specially in full frame mode. In object functionalities
mode, the number of regions is heavily conditioned by the need to include all the contours
of the object. This reduces the number of choices of the algorithm and the reduction of the

number of regions is less noticeable.

The problem with the dependent optimization approach is the high computational cost.
Even with reduced sets of two frames/enhancement layers, the encoding time increases ap-
proximately 20 times with respect to the independent approach. This larger complexity

currently limits the usefulness of dependent optimization.

10.3 Possible extensions

In this section, some extensions to the work presented in this thesis are given. The extensions

can be grouped into three categories:

e Improvement of coding efficiency: While this coding system is more biased to appli-
cations relying in content-based functionalities than to raw compression efficiency, im-
proving coding efficiency would increase the usability of the system, for example if these
applications are to be used over low bandwidth channels such as UMTS. This can be
done by improving temporal and spatial prediction or using better coding techniques.
Tools similar to the ones already used in MPEG-4 or H.264 could be adapted to this cod-
ing system, namely improved motion estimation, use of B-frames, AC/DC prediction,

new wavelet texture coding ...

e Modifications on the structure of the Partition Tree: Currently, the Partition Tree is
structured as a multiway tree (that is, a tree with any number of children for each
node). The number of children for each node is given by the segmentation algorithm,
that decides how to split a given regions according to homogeneity (size or contrast)
criteria. In some situations, a given region can be segmented in many components. In
this case, the high cost of the contours of the children nodes makes almost impossible

for the optimization algorithm to select them. One possible solution would be to mod-
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ify the segmentation algorithm to limit the number of components resulting from the
segmentation of any given region. Additionally, other data structures to represent the
Partition Tree could be investigated. One of the most promising are Binary Partition
Trees (BPT). This kind of region-oriented image representation has successfully been

used for segmentation applications [114].

e Improvement of existing content-based functionalities: Tracking could be improved by
refining the criterion to include/reject regions in the borders of the object. For instance,
model-based criteria could be used on these regions. An improvement in the motion

estimation algorithm would possibly help improving the tracking capability.

Extension of the criteria for the construction of Partition Tree. Currently, the definition
of the levels of the Partition Tree is based on spatial homogeneity (splitting levels) and
motion similarity (merging levels). Model-based algorithms or image analysis tools
could be used to drive or influence these processes (for instance, identify regions from

human faces and do not allow these regions to be merged with non-face regions).

User interactivity is a key point in content-based functionalities. This interactivity
could materialize in the possibility to drive the construction of the Partition Tree (for
instance, by forcing some regions to merge or preventing the merging of other regions)
or the construction of the enhancement layer by modifying the selection mask. Another
example would be the use of model-based techniques as described in the previous para-
graph where the model can be refined by user interaction and perhaps learn from this

interaction.

e New functionalities: New scalability modes based on combinations of the existing modes

(for instance, spatio-temporal scalability) could be introduced.

Integration with MPEG-7 [61, 4]. The tracking capabilities of XSESAME can allow
its use as a description generation tool. For instance, the tracking capabilities allow to
follow a given object so that information about the presence and position of this object

along the sequence can be obtained.

The use of a separate coding syntax facilitate such application. On the other hand, it
would be worth investigating how MPEG-7 descriptions could be used at the decoder
for video post-processing applications or to improve the coding efficiency of the video
coder [111].
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