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SEGMENTED VIDEO CODING AND DECODING METHOD AND SYSTEM

The present invention relates to a method of coding a sequence of pictures
thanks to a segmentation operation of each of said pictures followed by a coding operation of
each of the obtained successive partitions, and to corresponding coding and decoding
systems. This invention is particularly useful in relation with the MPEG4 standard which will
play within some years a key role in the field of all multimedia applications.

In the field of very low bit rate video coding, there is an increasing
interest in region-based compression methods describing each image of a sequence in terms
of a set of regions (called a partition) and of some information for each region to be used by
the receiver to reconstruct the image. The main difference between these techniques relates
to the importance they assign to the spatial or the motion information. For instance, the
article "Object-oriented analysis-synthesis coding of moving images“; H.G. Musmann, M.
Hotter and J. Ostermann, Signal Processing : Image Communication, vol.1, n°2, October
1989, pp.117-138, describes a coding scheme where motion plays the central role and the
image is restored on the receiver side by motion compensation of past restored frames. A
partition of each image is used to define the regions that should be compensated. This
approach leads to good results if the sequence can actually be compensated, that is, if no new
objects are allowed to be introduced in the scene and if scene changes are prohibited. As a
result, this technique is mainly dedicated to very specific applications such as "head and
shouiders” sequences. _ .

Other approaches, more general, mainly deal with the spatial information
of the scene. Coding algorithms combining a spatial analysis of the image sequence with a
motion compensaﬁon of the transmitted information can also be proposed. On the one hand
side, the spatial analysis is used to get a general scheme able to deal with any kind of
sequences and scene changes. On the other hand side, motion information is used to increase
the coding efficiency by compensation of the spatial information that has to be transmitted
(partition and texture or color). An analysis of the results of such coding algorithms shows
that about 55 % of the bitstream is devoted to the partition information, about 35 % to the
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texture (or color) and the remaining 10 % to motion.

- Itis a first object of the invention to propose an improved coding method
where much more texture information is sent to the receiver.

To this end the invention relates to a coding method such as indicated in
the preamble of the description and wherein, for each current partition considered with
respect to the previous one, said method comprises :

(1) an initialization step, by subdivision of said current picture into a mesh of
blocks the nodes of which are located on high gradient points and of the blocks of said mesh
into two triangies ;

(2) a projection step, allowing to follow the time evolution of the sequence
thanks to a motion estimation operation, for associating displacement vectors to the nodes of
each triangle, followed by a mesh definition operation, for defining a new mesh on the basis
of this motion of the nodes ;

(3) a mesh motion coding step, in order to create the next partition and to
define the motion field aliowing to compensate the texture information, said compensation
allowing to carry out a synthesis step of a prediction of the current picture, based on the
knowledge of the nodes motion ;

{4) a segmentation and merging step, for an adaptation of the topology of the
mesh to the evolution of the scene, said segmentation sub-step allowing to introduce new
triangles in the mesh and said merging sub-step allowing to remove small or degenerated
triangles ;

(5) a mesh update coding step ;

-~ (6) a texture error detection and coding step.

According to this method, it is proposed to work not with arbitrary shaped
regions as in some previous embodiments but with simple shapes such as triangies and to
send at the same time the motion and the partition information. This idea leads to the
definition of an active triangular mesh coding scheme. Active meshes, studied 'for example in
the communication *Active mesh : a feature seeking and tracking image sequence
representation scheme”, IEEE Transactions on Image Processing, vol.3, n°5, September
1994, pp.610-624, are generally used to model the motion information but very few complete
active mesh coding schemes have been proposed. In the present description, the mesh is used
to model the sequence itself and plays two fundamental roles : (a) it defines a simplified
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partition made of triangles (the partition is used to define homogeneous regions in terms of
texture and, because of its particular structure, the partition itself can be very efficiently
coded), (b) the nodes of the triangular mesh are also used to send the motion information.
This means that the motion of each region is assumed to be modelled by an affine
transformation and can take into account rather complex events.

It is another object of the invention to propose a corresponding coding
system, for carrying out said method.

To this end the invention relates to a system for coding a sequence of
segmented pictures defining successive partitions, each current picture being originally
available in the form of a mesh of blocks the nodes of which are located on high gradient
points and each block being subdivided into two triangles, wherein said system comprises :

(A) a projection circuit, for estimating on the basis of the mesh defined for a
previous picture (T-1) a projected mesh made of polygons and corresponding to the current
picture T ;

(B) a mesh coding circuit, for coding motion and texture associated to said
projected mesh ;

(C) a texture error detection and coding circuit.

According to a first embodiment, said mesh coding circuit may comprise :

(a) a mesh motion coding circuit, for coding a translation vector defined for
each node of the mesh ;

(b) a synthesis circuit, for a prediction of the current picture based on the
knowledge of the nodes motion field and a subsequent compensation of the texture
information ;

(c) a mesh updating circuit, for a modification of the topology of the mesh by
segmentation or merging of triangles ;

(d) a mesh update coding circuit, for coding the modified information related to
the topology of the mesh.

According to another embodiment, said mesh coding circuit may
alternatively comprise :

(a) 2 mesh tree definition device, for associating 10 said projected mesh coarser
meshes obtained by merging and which define upper levels of said tree and finer meshes
obtained by resegmentation and which define lower levels of said tree ;

(b) a decision sub-assembly, for taking the mesh proposals of said defined mesh
tree and making a decision on which polygons will belong to a so-called final projected mesh
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and which coding technique among a predetermined list will be used within each one of said
polygons ; .

(c) a coding sub-assembly, for coding said decision, said final projected mesh
and the texture of each of said finally selected polygons.

In the case of this second embodiment, decision sub-assembly may then
comprise a decision tree construction device, said decision tree being provided for conveying
information about cost and quality of said coding techniques, and an optimization device, for
finding a set of polygons defining said final projected partition with the highest coding
quality and the lowest associated cost.

It is still another object of the invention to propose 2 system for decoding -
signals coded by means of a coding system such as the above-described one.

To this end the invention relates to a system for decoding signals coded
by means of a coding system such as described above, said coded signals constituting for
each current partition a coded information corresponding to an optimal partition composed
either of regions of a main partition determined by a motion estimation and compensation of
a previdus partition and a temporal extension of the compensated partition or of regions of
additional partitions created by merging or re-segmenting regions of the main partition,
wherein said decoding system comprises a decision decoding device, provided for decoding
the information corresponding to the strategy used for coding said optimal partition, a motion
decoding device, a partition decoding device, and a texture decoding device.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter and considered in

" connection with the accompanying drawings, in which :

- Fig.1 shows the structure of a coding system according to the invention ;

- Figs.2 to 5 illustrate a preliminary step of initialization of the mesh ;

- Fig.6 shows how the texture is synthesized ;

- Figs.7 to 9 illustrate three splitting strategies for the segmentation of triangles;

- Fig.10 illustrates the restrictive conditions of creation of new edges ;

- Figs.11 to 13 show how a process of node elimination may destroy the mesh

topology ;

- Figs 14 to 18 illustrate a case of texture coding corresponding to a situation
where the texture synthesis has produced a poor representation of the image ;
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- Fig.19 shows another embodiment of an active triangular mesh coding scheme
according to the invention ;

- Fig.20 illustrates the construction of a set of mesh proposals in the form of a
mesh tree, and Fig.21 shows how this mesh tree allows to make a decision on which
polygons belong to the final mesh and which coding technique will be used within each
region ;

- Fig.22 shows a decision tree construction, and Fig.23 illustrates how local
decisions on the coding strategy are taken ; '

- Fig.24 is a schematic representation of a decoding system according to the
invention, Fig.25 is a more detailed illustration of the partition and texture decoding process,
and Fig.26 is an embodiment of the partition decoding device.

The main steps of the proposed coding method, implemented for example
in a coding system such as shown in Fig.1, are the following :

(1) projection step : this first step, provided in a projection circuit 11 in order to define
the time evolution of the mesh, achieves at the same time the definition of the new partition
(made of triangles) and the node motion estimation (this step does noi allow the introduction
of new regions) ;

(2) mesh motion coding step : this second step, provided in a mesh motion coding
circuit 12, allows to code the information necessary to modify the mesh on the receiver side
(a displacement vector for each node of the mesh) ;

(3) synthesis step : according to this third step provided in a synthesis circuit 13, the
time evolution of each triangle is defined by the motion of its three vertices, which defines
an affine motion model used to compensate the texture ;

(4) mesh updating step : according to this fourth step provided in a mesh updating
circuit 14, some triangles shouid be split (objects or strong texture inhomogeneities may have
appeared) or, on the contrary, some triangles may be useless because they have a very small

“area or because they are extremely elongated ;

(5) mesh update coding step : during this fifth step provided in a mesh update coding
circuit 15, the information about the modification of the mesh topology defined by the
previous mesh updating step is coded and sent to a receiver (arrow in Fig.1) ;

(6) the texture within some triangles may be of poor quality : a texture error detection
circuit 16 is provided (sixth step) in order to select the smallest number of triangles where
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the texture has to be improved ;

(7) texture error coding step : the quality of the selected triangles is improved by coding
their texture during this seventh step, in texture error coding circuit 17, the corresponding
coded signal being sent to a receiver (arrow in Fig.1).

In the sequel, these various steps, as implemented in the iflustrated
system, are more precisely described. However a preliminary step is provided in order to
deﬁnc.a mesh that is adapted to the image content (= mesh initialization). Such a definition
of the mesh for the first frame is illustrated in Figs.2 to 5 (for sake of clarity, the picture
itself is not shown behind the mesh). The initial mesh is a block mesh, for example a regular
square mesh as shown in Fig.2. The nodes of this initial mesh are then displaced (see Fig.3)
to be located on high gradient points, thanks to a simple search algorithm similar to a block
matching algorithm working on the morphological gradient of the image. Then, each
resulting polygon is transformed into two triangles (see Fig.4). Since the polygons have four
nodes, there are two possible ways of splitting them into two triangles : the splitting leading
to the lowest variance within each resulting triangle is selected. Finally, nodes are removed
in non-active areas of the image, which gives the mesh shown in Fig.S. This procedure
breaks the triangular structure of the mesh, which has to be restored by a triangulation
algorithm (for example a Delaunay triangulation). The obtained mesh is matched to the frame
to code : the density of triangles depends on the signal activity, and the edges of the mesh
follow the strong gradients of the image.

The objective of the projection step (first step) being to follow the time
evolution of the sequence, the projection circuit 11 is divided into 2 motion estimation stage
111 and a mesh definition stage 112.

In the first stage 111, the motion of each node is estimated by a block

‘matching. The search area can be rather large because the estimation only involves a small

amount of nodes (typically 100). A certainty criterion has been used to validate the
estimation : if the displaced frame difference (DFD) at the optimal position is not
significantly lower than the mean of the DFD for all positions of the search area, then the
estimation is discarded and a zero motion is assumed.

In the second stage 112, once the displacement vectors of the nodes have
been computed (stage 111}, the new mesh should be defined on the basis of this motion of
the set of nodes. It must be noted that the procedure is not straightforward because if ail
nodes are displaced accordingly to the estimated vectors, the resulting structure may not be a
triangular mesh. For example, one has to prevent one vertex of a triangle to cross the
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opposite edge of the triangle.
The translation vector defined for each node of the mesh in the first

estimation stage 111 of the projection circuit has to be coded (second step) and sent to the
receiver in order to create the new mesh (that is the next partition). In the same time, this
translation vector is also used to define the motion field intended to compensate (third step)
the texture information. This compensation of the image (in the synthesis circuit 13) allows
to make a prediction of the current frame based on the knowledge of the nodes motion. As
mentioned, the nodes motion aliows a restoration of a dense motion field within each
triangie. Indeed, the time evolution of each triangle is characterized by the displacement of
its three nodes. This defines a geometrical affine transformation with six independent
parameters.

Said compensation is performed in a backward mode, as illustrated in
Fig.6. Each pixel (i,j) of a triangle of frame (T) is transformed into the pixel (x,y) of frame
(T-1). Since the coordinates (x,y) are generally real values, a bilinear interpolation is used to
define the gray level value that will be assigned to the pixel (i,j). The mode of compensation,
that is backward in the sense that the values of pixels of frame (T) are defined by computing
the values at pixels location of frame (T-1), offers the advantage of assigning one value to
each pixel of frame (T). |

In order to efficiently code the sequence over a large number of frames,
the nodes of the mesh should follow the evolution of the scene, but the topology of the mesh
should also be modified (fourth step). Indeed, because of the modifications of the scene
content, new triangles may be necessary and should be introduced, or, on the contrary, some
triangles may degenerate and should be removed. This is the purpose of the segmentation and
merging sub-steps, carried out in segmentation and merging stages 141 and 142 now
described.

In the segmentation stage 141, one wants to introduce new triangles in the
mesh in order to more accurately represent the texture or the motion. In order to select the
triangles that have to be segmented, two different criteria may be used. According to the first
one, a triangle should be split in such a way that one new edge will follow the high gradient
(= gradient criterion) if a high gradient component of the signal crosses one edge of this
triangle. It is the situation illustrated in Fig.7 or in Fig.8, in which the additional edge AE
corresponds to about 50 % of high gradient points. According to the second criterion, a
triangle of very large size (situation of Fig.9 : with three additional edges AE) should be
segmented into smaller triangles since it is likely to produce large synthesis errors (=
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geometrical criterion). These splitting strategies either segment the original triangles into two
or four smaller triangles. The analysis of the system behaviour has shown that new nodes
should generally not be introduced in the inside of the triangle because they will create a
large number of useless triangles. In the present scheme, the new nodes, if any, are always
located on existing edges and on high gradient positions, as shown in Fig.10. When a new
node NN has been introduced to split one triangle, several new edges NE should be created
to preserve the mesh structure (all polygons of the mesh should have only three vertices).

In the merging stage 142, a node elimination is provided, as illustrated in
Figs.11 to 13. Such an elimination is used to remove triangles that are either very small or
degencrated, that is triangles with one edge of size much smaller than the two others. In
Fig.11 (initial mesh), two degenerated triangles DGT can be seen. For each small or
degenerated triangle, the node corresponding to the smallest gradient is removed (node
extraction illustrated in Fig.12). This node extraction destroys the mesh topology as can be
seen in the center of Fig.12. Therefore, a triangulation algorithm has to be implemented
(Fig.13), in order to add new edges NE and restore the triangular topology of the mesh.

_ The information about the node introduction (segmentation sub-step) or
extraction (merging sub-step) is sent to the receiver (fifth step). This information can be
efficiently coded : in the case of node introduction, the new node is located on an existing
edge, which limits strongly the entropy of the corresponding information. For the node
elimination, one has simply to indicate which nodes are removed since the triangulation
algorithm is purely geometrical and can be performed on the receiver side. .

The texture coding then proposed involves the detection of areas where
the synthesis has produced a poor representation of the image (Figs.14 and 15 respectively
show an example of previous frame at time (T-1) and a corresponding synthesized frame

"(SF). To this end, the difference between said synthesized frame and the original current

frame is computed and analyzed (sixth step) in order to extract a mask indicating where the
texture has to be improw)ed. Zones of high error (EZ) are shown in Fig.16, and the
corresponding error mask (EM) in Fig.!”. The ob:ained coded frame (CF) is finally shown
in Fig.18. The texture coding itself (seventh step: is carried out by means of a conventional
region-based texture coding technique (coding circuit 17).

The described coding approach gives promising results compared to
classical region-based coding schemes because it very efficiently deals with the motion and
partition information, which allows a significant saving of bits that can be used for texture
coding. This active mesh scheme actually allows the coding of the shape and motion
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information at a reduced cost and the analysis of the bitstreams reveals that more than 80 %
of the bits are devoted to texture coding, with a sequence quality better than the results
obtained up to now.

It may nevertheless be contemplated to further improve these results by
reducing the number of bits devoted to the partition. In the PCT patent application filed with
the reference PCT/IB96/01135, it has been described, in order to reduce the number of
regions to be processed (that is to be compensated), a spatio-temporal segmentation where
some regions are homogeneous in motion and others are homogeneous in gray level : to
efficiently define this type of segmentation, a careful analysis of the bit allocation problem
had thcxi been done, and the corresponding scheme, proposing the concept of partition tree in
order to relate the partitions of the successive frames and to track regions in time, had given
interesting results (for each current partition an optimal partition including regions from the
different levels of the partition tree is defined, and a set of distinct coding techniques is used
for the regions of said optimal partition), at least for bit rates greater than a value of about
30 kbits/s.

For very low bit rates (below 30 kbits/s), this partition coding technique
begins to be too expensive in terms of bits, with a tendency to merge regions. However by
taking into account the main advantage of the solution described in this european patent
application (consisting in the fact that an optimization in the rate-distortion sense of the
partition and of the coding strategy provides an optimum bit allocation) and combining such a
characteristic to the fact that active meshes such as used in the previously described technical
solution very efficiently handle a partition information, an optimum active mesh coding
scheme can be proposed.

The main processihg sub-assemblies of this adapted coding scheme are
described in Fig.19. Three sub-assemblies 191 to 193 are provided in cascade : a first
partition proposal definition sub-assembly 191, a decision sub-assembly 192, and a coding
sub-assembly 193. The sub-assembly 191 is devoted to the definition of a2 number of
partitions, from which the partition to be coded is selected by the decision sub-assembly 192,
together with the coding tools appropriated for every polygonal mesh in the selected
partition. The coding sub-assembly 193 then codes all the information that will be necessary
for synthesizing the images at the receiver end.

The first sub-assembly 191 comprises a first projection device 1911 and a
second mesh tree definition device 1912. The projection device 1911, provided for deﬁning
the time evolution of the mesh, tracks regions in time : based on the mesh defined for the
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previous frame (T-1), this device makes an estimation of the mesh corresponding to frame T,
by means of a definition of the motion of each node of the mesh as previously indicated in
the description (in the projection circuit 11). The mesh topology (number of polygons,
adjacency relationship) is not modified in this device. The mesh tree definition device 1912
allows to obtain 2 mesh tree that is the equivalent of a partition tree but for polygonal meshes
and not for arbitrary regions.

A partition tree, described for instance in the already cited PCT patent
application, is built for providing, generally on the basis of motion and texture criteria,
different partitions from the single projected one, in order to later select for coding the
picture the most convenient regions (in the present case, the most convenient polygons). Said
convenient regions constitute a final partition composed of regions issued of the different
levels of the mesh tree. The intra building process of this mesh tree is based on the creation
{(from the projected partition) of two different kinds of partitions, on the one hand coarser
ones which are created by merging regions from the projected partition and which define the
upper levels of the tree (this merging process allows to obtain greater regions grouping -
neighbouring ones that satisfy a given criterion, for instance that have a similar motion), and
on the other hand finer ones which are created by re-segmenting the projected partition and
which define the lower levels of the tree (this re-segmenting process is useful, since either
new objects may have appeared into the scene or two regions characterized by a different
texture and however merged because they have for instance a similar motion in a previous
frame may suddenly differ in their motion in the current frame). .

The final objective of said mesh tree is to construct a set of mesh
proposals from the original projected mesh OPM, as shown in Fig.20, where the upper levels
are obtained by merging and the lower levels by re-segmentation. These mesh proposals

‘define a reduced set of polygons that are candidate to belong to a so-called final projected

mesh. The mesh tree is a hierarchical set of meshes. This means that if one node or one edge
is present at a given level, this node or edge is also present on lower levels. As shown, the
mesh tree is made of two parts : (a) below the projected mesh (the mesh resulting from the
projection), a set of finer meshes can be found, that involve smaller polygons able to
represent finer details of the image ; (b) above the projection mesh, a set of coarser meshes
can be found : the polygons are constructed by merging some polygons of lower levels, and
represent large regions that can be processed as a single one. This structure has been selected
because, if the scene content has not been strongly modified, the final projected mesh should
be a good approximation of the optimal mesh. With this mesh tree, it is proposed to the
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decision sub-assembly 192 a set of partitions that are fluctuations from the projected mesh.
The decision will therefore remove or add some regions with respect to the projected mesh
and will allow to define said final projected mesh.

The decision sub-assembly 192 takes the proposals fr_om the mesh tree and
makes a decision on which polygons will belong to said final projected mesh, and which
coding technique will be used within each region of this final mesh, made of polygons
coming from various levels of the mesh tree (for each region, several coding techniques are
proposed to the decision).

The decision process, based on an optimization according to a rate-
distortion criterion and illustrated in Fig.21, relies on the concept of decision tree DT, said
tree DT listing in a compact and hierarchical structure all the possible coding choices : the
mesh tree MT defines the choices in term of regions (here, the polygons), while the list of
coding techniques deals with the actual coding of these polygons (as explained in the
following paragraph).

As already indicated in the cited PCT patent application, this decision
process includes two operations consisting in a first decision tree definition operation
followed by a second optimization operation. The
first operation is the decision tree construction. As also illustrated in-Fig.22, from the mesh
tree MT which was defining the choices in terms of regions (polygons), a decision tree DT,
concentrating in a hierarchical structure all the possible coding choices, is deduced in the
following way : each node of the decision tree corresponds to a polygon in the mesh tree,
with relations between nodes (between father nodes and children nodes) which are also given
by the mesh tree. These relations define how one region at a given level (in Fig.22, five
levels including the level of the original projected mesh OPM are shown) may either be split
into various regions (or children regions) or be merged to form a larger region (or father
region). Moreover, in order to define the coding strategy (in a rate-distortion sease), the
decision tree will convey information about coding costs and respective quality (or distortion)
of the n possible texture coding techniques : a list of rates (rate list R,, R,,..., R,) and a list
of distortions (dist list D;, D,,..., D,) will therefore be assigned to each of said nodes, both
lists having the same length as the list of texture coding techniques TCT, and each of these n
techniques being in Figs.21 and 22 designated in a short manner by Cl, C2,...,..., Cn. In
practice, each polygonal region of the mesh tree is coded (either in intra or in inter mode
since the motion of each region has been estimated during the creation of the mesh tree) by
all the proposed techniques, and the corresponding rate and distortion are stored in the
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decision tree.
This step of construction of the decision tree is an operation of evaluation

‘of the respective merits of each technique, no decision being taken at that moment. Once all

the nodes of the decision tree have been populated with the lists of computed rates and
distortions, the actual optimization operation can start. This problem of optimization can be
fomiulated as the search for a minimization of the distortion D of the image, with the
msuicﬁm that the total cost R, must be below a given budget defined for each frame, which
can be reformulated as the minimization of the Lagrangian
D + LR, where L is the so-called Lagrange parameter (both formulated problems have the
same solution if one finds L, such that R, is equal or very close to the budget). This problem
finally consists in using the decision tree in order to find a set of polygonal regions (creating
a partition) and a set of texture coding techniques minimizing D + L_R,. To this end, the
optimization operation comprises the following sub-steps :
~ - a first sub-step allows to make a local analysis and to compute, for each node
of the decision tree, the Lagrangian for each texture coding technique : the technique giving
the lowest one is considered as the optimum one for this node and this Lagrangian is stored ;
- a second sub-step allows to define the best partition by a bottom-up analysis of
the decision tree which, starting from the lowest level, leads to a set of local decisions on the
coding strategy, as illustrated in Fig.23 : assuming that the two nodes on said lower level are
active (which means that they are considered as being part of the final partition : such nodes
are represented by black circles), two situations may occur when one likes to know if it is
not better to code the area represented by these two regions as a single region represented by
the single node located on the upper level :
(a) if the Lagrangian of the upper node (D, + LR,) is lower than the sum

"of the Lagrangians of the lower level, it is actually better to code the area as a single region,

and the upper node becomes active in place of the two lower nodes which are deactivated
(left side of Fig.23) ;

(b) if the Lagrangian of the upper node is higher than said sum, it is
better to code the area as two regions, and the upper node remains deactivated (right side of
Fig.23) while its new Lagrangian is the sum of the Lagrangians of the nodes at the lower
level (it may be recalled that the additivity in rate and distortion has been assumed during the
whole optimization operation).

This procedure is iterated until the highest level of the decision tree is
reached. The set of activated nodes then gives the final set of polygonal regions which
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defines the optimal partition. If the coding cost, computed by adding the rates of the best
techniques for all activated nodes, is equal or very close to the budget, the optimization
procedure is finished and this optimal partition will be coded. If the coding cost is much
below or above the budget, the Lagrange parameter L has to be modified and the
optimization has to be done again. The convenient definition of L can be done with a
gradient search algorithm starting with a very high value L; and a very' low value L, leading
to two corresponding coding strategies which give rates R, and R, respectively below and
above the budget. Except if one of these rates is already close enough to the budget, a new
Lagrange parameter is defined as L = (Dy - D,)/(Ry - Ry) and the procedure is iterated until
one strategy giving a rate close to the budget is found (for instance falling within an interval
of 5 % around it).

The illustration of the whole decision process, as implemented in the sub-
assembly 192, has been given in Fig.21. From the mesh tree MT, all regions are extracted
(analysis step AS) to form the decision tree DT, and several texture coding techniques,
indicated by the reference C,, C,,..., C, are considered for each region. Then polygonal
regions P; from various levels of the mesh tree are chosen (choice step CS), and the best
final partition BFP (or optimal partition) is defined together with the best coding techniques
BCT, one for each polygonal region (C,, C,,...).

Once this optimal partition, created from the proposals contained in the
mesh tree, and the coding strategy for each polygonal region have been defined, the
information necessary to decode the image sequence should be sent to a receiver (or to a
storage medium, the decoding process being then implemented later). This information,
processed in the coding sub-assembly 193, is composed, as illustrated in Fig.19, of the
following elements :

(a) the coding strategy itself : this information, coded in a decision coding
device 1931, will inform the receiving part (the receiver or the storage medium) about the
coding technique to be applied on each region ;

(b) the partition : a mesh coding device 1933 produces all the information
needed by the receiving part for restoring the current partition, that is to say the position of
cach polygonal region and its contour, an identification number (or label) being also
transmitted for each polygonal region in order to track it in time and to deal with areas
uncovered by motion compensation ;

(c) the texture parameters of each polygonal
region : the texture may be coded in a texture coding device 1934 by using a very large
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number of conventional region-based coding schemes region-based wavelets decomposition,
shape-adaptive direct cosine transform, and so on).

Finally the output signals of the devices 1931 to 1933 of the sub-assembly
193 are sent to a multiplexer 1935, the output of which constitutes a multiplexed coded
output bitstream either stored or sent to a receiving system (not shown). Satisfying coding
results have been obtained between 10 and 30 kbits/s.

In said receiving system, a decoding process allowing to reconstruct
decoded pictures is carried out, the corresponding device being described with reference to
Figs.24 to 26. The received multiplexed coded bitstream RMCB (corresponding to the
bitstream sent through the transmission channel and/or towards the receiving part and/or the
storage medium) is first received by an input buffer 250, and then sent to a decision
decoding device 241, followed in series by a motion decoding device 242, a partition
decoding device 243, and a texture decoding device 244, the output of which constitutes the
output decoded signal of the decoding system (these main decoding devices correspond to the
coding functions implemented in the coding sub-assembly 193 of Fig.19). First the coding
strategy information and the motion are decoded in the devices 241 and 242. Then the mesh
and texture information are successively decoded in devices 243 and 244 respectively,
according to Fig.25 that illustrates the loop which allows to understand the decoding process
and to Fig.26 that shows in greater detail the mesh decoding device 243.

Concerning the mesh decoding device 243 (illustrated in Fig.25 and
shown in greater detail in Fig.26), it receives on the one hand the output signals of the buffer
250 storing the transmitted coded signals and on the other hand the previously decoded and
reconstructed partition, called REC(t-1) and available in the form of a list of labels at the
output of the texture decoding device 244. Said device 243 implements the following
successive steps, as illustrated in Fig.26.

_ The first step, implemented in a relabelling circuit 261 also shown in
Fig.25, consists in modifying the labels of the previously reconstructed partition. Such a
refresh step is provided for the following reason : since some regions have been on the
coding side either created or eliminated, the maximum value of the labels is increasing. The
regions are then preferably relabelled in order to limit the value of label numbers, and, for
technical reasons, it is simpler and more convenient to reassign a label value at the beginning
of each decoding loop, in such a way that only labels 1 to N are used if there are N regions.
The relabelling step then simply assigns the label “1" to the first encountered region, the
label "2" to the second one, and so on.
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The second step, implemented in a merging circuit 262, performs the
merging orders that are contained in the buffer 250. During the third step, the regions
transmitted in intra frame mode are decoded (intra regions decoding circuit 263). During the
fourth step, the previously coded partition is
motion compensated (motion compensation circuit 264) and the compensation errors are
decoded (inter regions decoding circuit 265). The fifth and last step deals with the labelling
of the decoded compensation errors partition, carried out in a decoded errors labelling circuit
266. Preferably the compensation is done exactly as it was done on the coding side : the
compensation relies on the motion parameters defined for each region and, each time there is
a conflict between two labels, the order information is used in view of a decision allowing to
know which label will be kept. The output partition of the device 243 is the current
reconstructed partition, called REC(t).

This output current partition is received by the texture decoding device
244, in which a texture compensation 244-1 is first performed (Fig.25), and then followed by
a texture decoding step 244-2. As for the coding part, in which several coding techniques
had been proposed, the same methods may be used, the decoding process being similar to the
coding one. The output information of the device 244 yields the decoded picture, once each
polygonal region has been similarly processed. |
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CLAIMS :

* C L ] H *

1. A method of coding a sequence of pictures thanks to a segmentation
operation of each of said pictures followed by a coding operation of each of the obtained
successive partitions, wherein, for each current partition considered with respect to the
previous one, said method comprises :

(1) an initialization step, by subdivision of said current picture into a mesh of
biocks the nodes of which are located on high gradient points and of the blocks of said mesh
into two triangles ;

(2) a projection step, allowing to foliow the time evolution of the sequence
thanks to a motion estimation operation, for associating displacement vectors to the nodes of
each triangle, followed by a mesh definition operation, for defining a new mesh on the basis
of this motion of the nodes ;

' (3) a mesh motion coding step, in order to create the next partition and to
define the motion field allowing to compensate the texture information, said compensation
allowing to carry out a synthesis step of a prediction of the current picture, based on the
knowiedge of the nodes motion ;

{4) a segmentation and merging step, for an adaptation of the topology of the
mesh to the evolution of the scene, said segmentation sub-step allowing to introduce new
triangles in the mesh and said merging sub-step allowing to remove small or degenerated
triangles ;

(5) a mesh update coding step ;

(6) a texture error detection and coding step.

2. A system for coding a sequence of segmented pictures defining successive
partitions, each current picture being originally available in the form of a mesh of blocks the
nodes of which are located on high gradient points and each block being subdivided into two
triangles, wherein said system comprises :

(A) a projection circuit, for estimating on the basis of the mesh defined for a
previous picture (T-1) a projected mesh made of polygons and corresponding to the current
picture T ;

(B) a mesh coding circuit, for coding motion and texture associated to said



10

15

20

25 -

30

LR ) A W

WO 97/42766 7 PCT/IB97/00461
projected mesh ;
(C) a texture error detection and coding circuit.
3. A system according to claim 2, wherein said mesh coding circuit
comprises :

(a) a mesh motion coding circuit, for coding a translation vector defined for
each node of the mesh ;

() a synthesis circuit, for a prediction of the current picture based on the
knowledge of the nodes motion field and a subsequent compensation of the texture
information ;

(c) 2 mesh updating circuit, for a modification of the topology of the mesh by
segmentation or merging of triangles ;

(d) a mesh update coding circuit, for coding the modified information related to
the topology of the mesh.

4, A system according to claim 3, wherein said texture error detection and
coding circuit comprises :

(2) a detecting circuit, for computing the difference between the final picture
and the original one and defining a mask for an improvement of the texture ;

{b) 2 texture error coding circuit, for coding the texture corresponding to said
difference.

S. A system according to claim 2, wherein said mesh coding circuit
comprises :

(a) a mesh tree definition device, for associating to said projected mesh coarser
meshes obtained by merging and which define upper levels of said tree and finer meshes
obtained by resegmentation and which define lower levels of said tree ;

(b) a decision sub-assembly, for taking the mesh proposals of said defined mesh
tree and making a decision on which polygons will belong to 2 so-called final projected mesh
and which coding technique among a predetermined list will be used within each one of said
polygons ;

(c) a coding sub-assembly, for coding said decision, said final projected mesh
and the texture of each of said finally selected polygons.

6. A system according to claim 5, wherein said decision sub-assembly
comprises a decision tree construction device, said decision tree being provided for
conveying information about cost and quality of said coding techniques, and an optimization

device, for finding a
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set of polygons defining said final projected partition with the highest coding quality and the
Jowest associated cost.

7. A system for decoding signals coded by means of a coding system
according to claim 2, said coded signals constituting for each current partition a coded
information corresponding to an optimal partition composed either of regions of a main
partition determined by a motion estimation and compensation of a previous partition anda -
wmpofal extension of the compensated partition or of regions of additional partitions created
by merging or re-segmenting regions of the main partition, wherein said decoding system
comprises a decision decoding device, provided for decoding the information corresponding
to the strategy used for coding said optimal partition, a motion decoding device, a partition
decoding device, and a texture decoding device.



