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ABSTRACT
A generic, content-based video coding framework is
described. The approach is based on H.264/MPEG4-AVC
that is extended by a closed-loop texture analysis / synthesis
algorithm. The texture analysis yields regions that can be
reproduced with reduced accuracy at the decoder without
noticeable quality degradations. These textures are
synthesized at the decoder given side information generated
through analysis. The remainder regions are coded using
H.264/MPEG4-AVC that serves as fallback option in our
framework. Texture synthesis is constrained in the proposed
system as the area to synthesize is typically surrounded by
one or more textures. In this paper, it is shown that
constrained synthesis can be done successfully for a large
class of textures including non-rigid textures such as water.
Experimental results verify improvements of the proposed
system compared to H.264/MPEG4-AVC without our

approach.

Index Terms- Content-based video coding, texture
analysis, texture synthesis, H.264/MPE4-AVC
1. INTRODUCTION
A generic, mid-level content-based video coding scheme is
proposed in this publication. That is, regions with similar
homogeneous motion, color and texture properties are
processed together [1],[2],[3]. The semantic interpretation of
these regions is thereby irrelevant. Rather, it is assumed in
this framework that video content can be divided into
perceptually relevant and perceptually irrelevant textures.
The former texture category corresponds to highly structured
regions shown with restricted spatial accuracy, while the
latter texture category refers to unstructured video content. It
is further assumed that for perceptually irrelevant textures,
the semantic meaning of the displayed texture is more
relevant to the viewer than the specific details therein.
Many perceptually irrelevant texture regions are costly
to code, when using the mean squared error (MSE) criterion
as the coding distortion. Thus, in this paper, it is argued that
MSE is not an adequate distortion measure for efficient
coding of perceptually irrelevant textures and it is claimed
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that global similarity measures are better suited for assessing
the distortion of such textures, as no MSE-accurate
regeneration of these is requested. Often, the required bit
rate for transmitting perceptually irrelevant textures can be
significantly reduced, if the number of bits needed for their
description using the modified distortion measure is smaller
than the number of bits for their description using MSE.
The main challenge for the new coding approach is an
automatic encoding algorithm consisting of texture analysis
and synthesis that provides significant coding efficiency
improvements. Moreover, one of the most critical problems
is the synthesis of non-rigid textures. The difficulty thereby
arises from the fact that constrained texture synthesis must
be done in the content-based video coding context. That is,
spatio-temporal constraint textures must be observed in
order to ensure a seamless transition between natural and
synthetic textures.
The remainder of the paper is organized as follows. In
Section 2, the automatic analysis-synthesis loop is presented.
In the subsequent sections, i.e. Sections 3-5, texture analysis,
quantization, texture synthesis, video quality assessment,
and update module, that constitute sub-modules of the loop,
are introduced respectively. Finally, in Section 6,
experimental results are presented.
2. PRINCIPLE OF THE VIDEO ANALYSISSYNTHESIS ALGORITHM

Some mid-level content-based video coding schemes

have been presented in the literature [3],[4]. They are
however often open-loop algorithms that can not identify
and correct artifacts due to erroneous analysis or synthesis.
This yields unregulated video quality at the decoder output.
In this work, we have developed a closed-loop
analysis-synthesis algorithm depicted in Fig. 1. The
incoming video sequence is divided into overlapping groups
of pictures (GoP). The first GoP consists of the first I picture
of the sequence and the last picture of the GoP is the first P
picture. Between these I and P pictures are B pictures. For
example, when 3 B pictures are used, the first GoP has the
structure IBBBP1 in temporal order. The second GoP
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consists of the last picture (the P1 picture) of the first GoP
and the next P picture. In our example, the second GoP has
the structure P1BBBP2. Notice that hierarchical B pictures
can be used here also.
Each GoP is analyzed by the texture analyzer (TA) and
synthesized by the texture synthesizers (TS), given the
(quantized) side information (SI) generated by TA. Two
texture synthesizers are used in this framework. The first
texture synthesizer, TSr, is optimized for rigid textures (e.g.
flowers, sand, etc.), while the second synthesizer, TSnr, can
synthesize non-rigid textures (e.g. water, smoke, etc.). I and
P pictures are used as key pictures by TS, such that
corresponding textures are coded using MSE distortion and
an H.264/MPEG4-AVC encoder. B pictures (between the
key pictures) are candidates for a possible partial texture
synthesis and are also otherwise coded using MSE distortion
and H.264/MPEG4-AVC. TSnr on the contrary requires
several GoPs in order to enable non-rigid texture synthesis
(cp. ). This is explained by the fact that TS,1 fills-in texture
volumes, while TS, stuffes texture planes as will be detailed
in Sec. 5 . The synthesized GoPs are submitted to the video
quality assessment unit (VQA) for detection of possible
spatial or temporal impairments in the reconstructed video.
In case TS, fails to successfully synthesize a given texture,
the TS,1 "thread" is activated and non-rigid synthesis is
applied. Notice that the side information (SI) generation
depicted in Fig. 1 is part of the texture analysis and is
singled-out in this figure for better legibility of the system.
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Fig. 1 - Block diagram of the closed-loop analysis/synthesis
algorithm
In the subsequent iterations, the degrees of freedom of the
system are explored by a state machine (SM) for side

information optimization. Notice that the feedback
connections are represented by interrupted lines in Fig. 1.
Once all relevant system states have been visited, a ratedistortion decision is made and the optimized side
information is transmitted to the decoder. Perceptually
irrelevant textures for which no rate-distortion gains can be
achieved are coded by the reference codec, which acts as
fallback coding solution. Furthermore, the GoP structure
used in our framework allows a seamless change from
perceptually irrelevant to perceptually relevant coding, as
the key pictures are coded based on MSE.
In the following, the modules of our content-based
video coding approach are explained in-depth.

3. TEXTURE ANALYSIS
Texture analysis consists in identifying perceptually
irrelevant textures and generating corresponding side
information for the texture synthesizer at the decoder side.
This is done by computing a spatio-temporal decomposition
of video sequences.
The texture analyzer used in this framework partitions
the dense motion field of two temporally consecutive
pictures. A split and merge approach is operated, where the
motion field is split into homogeneous motion regions based
on a robust, iterative maximum-likelihood process called Mestimation [1]. The latter is a model-fitting approach that
detects outliers within a dataset a posteriori and without any
prior knowledge of outlier characteristics. The observations
are a set of motion vectors in our specific framework, while
outliers can be seen as motion vectors that reveal different
motion properties than the inliers. The perspective motion
model [1] is used as motion homogeneity criterion. Oversegmentation typically observed after the splitting step is
tackled by merging texture regions with similar motion
properties. Two homogeneous regions are thereby fused
when the modeling costs of the overall region do not exceed
the single costs. Identified homogeneously moving regions
are tracked by the means of color and texture information.
The texture analysis process yields a mask sequence
depicting the perceptually irrelevant textures of the
considered GoP. Two perspective motion parameter sets as
well as a control parameter are generated per perceptually
irrelevant texture region for TSr. The motion parameter sets
describe the texture mapping operation from the key pictures
towards the missing texture region in the corresponding B
picture. The control parameter indicates which key picture
led to the best match in the motion estimation process. TSnr
requires only a single global motion parameter set per
picture. The parameters are used for temporal alignment of
the relevant pictures before non-rigid texture synthesis is

operated.
The motion parameters generated by the texture
analyzer are uniformly quantized and their quantization step
size can be varied.

4. TEXTURE SYNTHESIS
Two major texture types are considered at the texture
synthesis (TS) stage; rigid and non-rigid textures. Non-rigid
textures typically feature local motion activity, which is not
the case for rigid video textures.
The texture synthesizer depicted in Fig. 2 is designed
for rigid objects. The underlying hypothesis of this approach
is that the picture-to-picture displacement of the objects can
be described using the perspective motion model. The
texture synthesizer warps the texture from the first and the
last (key) picture of the considered GoP towards a
synthesizable texture region identified by the texture
analyzer (cp. Fig. 2) given two motion parameter sets
(cp. Section 3). The reference picture yielding the best
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match provides most of the samples, while the other key
picture provides the rest. Some unsynthesized samples may
remain after this operation. They are tackled by using a
Markovian intra-synthesis approach, where the remaining
"holes" are filled-in by assigning them corresponding color
components of a defined sample that features the most
similar neighborhood properties in the given picture and lies
within a limited search range.
Key Picture

Texture Sample

Output texture

Fig. 3 - Synthesis of missing non-rigid texture (black area)
using corresponding texture from a given reference

Current Picture

The global camera motion compensation corresponds to an
iterative estimation process as the camera motion is typically
not known a priori. A temporal alignment approach based on
dense motion fields is implemented in this work. Robust
statistics, based on an M-estimator, are operated on the
estimated motion vectors to derive the apparent camera
motion and compensate it.

Fig. 2 Synthesis of missing rigid texture (black area) using
corresponding texture from a given key picture
-

The texture synthesizer for non-rigid textures is depicted
in Fig. 3. It is inspired by the work of Kwatra et al. [5]. The
synthesis algorithm developed in [5] can a priori be applied
to plane and volumetric textures. It is non-parametric and
can thus render a large variety of video textures. Nonparametric synthesis approaches do not explicitly model the
pdf, they rather measure the latter from the texture example,
which can be a 2D image or a 3D voxel.
The synthetic texture is updated patch-wise by
disposing the patches in an overlapping manner.
The originality of Kwatra et al.'s approach resides in the fact
that it formulates the texture synthesis problem as a graph
cut issue. Hence, the optimal seam between two overlapping
patches, which is the seam yielding the best possible Markov
Random Fields likelihood among all possible seams for the
given overlap, can be computed, thus minimizing
subjectively annoying edges at patch transitions [5]. In each
overlap region, the graph cut algorithm determines the path
from one end to the other of the overlap region that
minimizes the subjective annoyance of the blending. The
path defines which irregular shaped portion of the
continuation patch, found in the texture example, must be
transferred to the synthetic texture. Due to the irregular
shape of the copied region, blocking effects can be avoided
and seamless seams can be generated.
Kwatra et al. implicitly [5] assume a static camera
scenario. This is a very restrictive framework, as most
natural video sequences feature some degree of camera
motion. This constraint must thus be relaxed in order to
achieve a generic texture synthesis tool for content-based
video coding. This is achieved by means of a temporal
alignment module.
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Fig. 4 Required GoP structure for TS,1
-

The GoP structure of the coding scenario presented in this
is depicted in Fig. 4. As can be seen, a burst of images
coded using H.264/MPEG4-AVC is transmitted before and
after the time interval that is to synthesize (TS burst) either
partially or totally. The H.264/MPEG4-AVC coded frame
bursts are used as texture examples for synthesis. Each of the
bursts consists of several GoPs.
paper

5. VIDEO QUALITY ASSESSMENT AND
STATE MACHINE
The proposed video texture synthesizers may yield spatiotemporal artifacts if the fundamental assumptions of the
former are violated by the given texture. Hence, objective
quality assessors are required to detect subjectively
annoying impairments in the present framework.
Spatial artifacts typically occur at transitions between
natural and synthetic textures in the shape of spurious edges
(cp. Fig. 2 and Fig. 3). Such impairments can be detected by
using a simple linear anisotropic edge detector, e.g. the
Kirsch detector [6]. The spatial quality assessor determines
the ratio of the edge samples found in the synthesized and
original pictures. A threshold operation is then computed to
classify the given synthetic texture as impaired or nonimpaired [7].
Temporal artifacts are determined by analyzing the
motion properties of the given synthetic texture relatively to
its reference. The temporal quality assessor is based on the

dense motion field in the relevant regions. The latter is
analyzed on a macroblock basis to detect potential
deviations between the reference and the corresponding
synthetic texture. For that, the motion vectors are quantized
and their distribution is determined for both textures to
compare. The distance between two distributions can
thereby be determined with any adequate metric (e.g. l1
norm). This approach allows for small deviations between
original and synthetic motion, which is in line with the
fundamental assumptions of our content-based video coding
approach.
The state machine explores relevant system states. The
quantizer resolution is varied, which allows examination of
the sensitivity of synthesis results to the accuracy
degradation of the motion parameters.
6. EXPERIMENTAL RESULTS
The efficiency of the proposed content-based video codec
will be illustrated in this section. The videos used for this
purpose are well known test sequences, namely "Concrete",
"Flower Garden", and "Whale Show". The first two
sequences feature rigid textures in the background (stone
wall) and in the foreground (flower bed) respectively. The
third test sequence shows a swimming pool filled with water
and with an orca in it.
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synthesized textures cannot be distinguished. It can be seen
that the highest savings are measured for the highest
quantization accuracy considered. The most substantial bit
rate savings (41.4%) are measured for the "Concrete"
sequence. The bit rate savings decrease with the quantization
accuracy (and thus the bit rate) due to the fact that the
volume of the side information remains constant over the
different QP settings. All results are derived from decoding
bit-streams and the encoder is run automatically for each
sequence. Sequences for subjective evaluation can be
downloaded
from
omG_lsd lo.htm.
htp/i.hid/mg
7. CONCLUSIONS
A content-based video coding framework was presented. It
is both automatic and iterative. Consistent quality of the
decoded video signal can thus be ensured. Only so-called
perceptually irrelevant textures are described at reduced bit
rate via meta data that are transmitted as side information to
the decoder and used for regeneration of the former.
Perceptually relevant textures are coded using MSE
distortion and an H.264/MPEG4-AVC encoder. Bit rate
gains of up to 41.4% can be achieved with the proposed
system compared to H.264/MPEG4-AVC without our

approach.
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Fig. 5 - Bit rate gains obtained with closed-loop analysis/
synthesis approach for three test sequences
The system, described in the present paper, was
integrated into an H.264/MPEG4-AVC codec. The latter
was configured as follows: One reference picture for each P
picture, CABAC (entropy coding method), rate distortion
optimization, 30 Hz progressive video at CIF resolution.
Three hierarchically structured B pictures are used. The
quantization parameter (QP) is set to 20, 24, 28, 32 and 36
(PPS quant). Level zero, one, and two pictures feature a
differential QP of -3, +1 and +2 respectively compared to
the QP settings given above.
Fig. 5 depicts the bit rate savings obtained for each of
the test sequences. Here we have assumed and verified
through visual inspection that the MSE coded and
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