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(57) Abstract

The invention describes a method and system for coding a sequence of pictures using an active triangular mesh coding scheme and
a partition tree. It subdivides the cumrent picture into a mesh of blocks with nodes located on high gradient points, further subdividing the
blocks into two triangles. The system comprises a projection circuit, for estimating on the basis of the mesh defined for a previous picture a
projected mesh made of polygons and corresponding to the current picture, a mesh coding circuit for coding motion and texture associated
to said propcled mesh, and a texture error detection and coding circuit. Applications are very low bit rate coding, multimedia applications.




of the scene. Coding algorithnms conbining a spatial analysis of the inage
sequence with a notion conpensation of the transmtted information can al so
be proposed. On the one hand 25 side, the spatial analysis is used to get a
general schene able to deal with any kind of sequences and scene changes.
On the other h ' 31 motion information is used to increase the codinP
efficiency by conpensation of the spatial inaformation that has RCX/Apa7/0046
transmtted (partition and texture or color). An analysis of the results of
such coding al gorithns shows that about 55 % of the bitstreamis devoted to
the partition information, about 35 %to the WD 97/ 42766 2
PCT/ 1 B97/ 00461 texture (or color) and the remaining 10 %to notion. It is a
first object of the invention to propose an inproved coding nmethod 5 where
much nore texture information is sent to the receiver. To this end the

i nvention rel ates to HEGYENERQVIDED HHDING AND DECODING METHOD iIANDtSYSTEM eanbl e of
the description and wherein, for each current partition considered with
respect to the previous one, said_ nethod conprises:mgéé an initialization
step, by subdivision of sHieipresant inventioncrelates tp g meth goding 2 sequenese RE pichises

nodes of whi re .l : ' BakE ' §1ﬁ'esafbﬁilc %Hdﬂ&k?q et
said nesh i n?’cg)nl?vtvcg) at%@%@?%@? ’é lﬁé ag‘%)r 0] e(@% fa!(;&n)b% ep, a Pjgemtbﬁga oto ovbmt"h%f
ti me evol uti eachof thehabtainerisuccessive partitions, and to corresponding coding and decoding
systems. This invention is particularly useful in relation with the MPEG4 standard which will
5 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

10 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

15 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

20 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

25 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



thanks to a notion estimati on operation, for associating displacenent
vectors to the nodes of each triangle, followed by a nesh definition
operation, for defining a new nesh on the basis 15 of this notion of the
nodes; (3) a nesh notion coding step, in order to create the next partition
and to deflnewblggﬁg gion field allowing to conpensate the texture
information, said conpensation allowing t@ carry out a synth '@‘L‘?‘bf a
predi ction of the current picture, based on the know edge of the nodes

noti on; 2Qexture (or color) and(tm)rmainigg'dﬁtﬁttbmmmnd mergi ng step, for an i
adaptation of the topology of the nesh to the evolution of the scene, said
segnentati on sub-step allowing to introduce new triangles in the nesh and
said nerging sub-step allowing to renove small or degenerated triangles;

(5) a nmesh update codi a texture error, detect |on
and codi ng step. Accorggﬁ ﬁ‘gtf’%ﬁt ‘?fél‘%gﬂ’enﬁ’qmg’é)" Jpreved rodingpe
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sequence 'Bt%ettvfo tﬁaﬁjglgl ays two fundanental roles: (a) it defines a

sinmplifi ed
(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

15 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 ;

20 {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 ;

25 -~ (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

30 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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PCT/ 1 B97/ 00461 partition made of triangles (the partition is used to define
honbgeneous regions in terns of texture and, because of its particular
structure, the partition itself can be very efficiently coded), (b) the

nodes of the try nesh are al so used to send the notion inf tion.
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codi Ng Ci r Culsient, Gbr EREYIRE oliPiaid theiidd. t €xture associated to said projected
mesh; (C) a *tytgxt ure error get ectign and coding circuit. According to a

first enbodi nent, sai d neEo thisandthednyantion relaigs Wongysiegefor coding a sequence of
segmented pictures defining successive partitions, each current picture being originally
10 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 ;

15 (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

20 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

25 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 :

30 (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



(a) a mesh notion coding circuit, for coding a translation vector defined
for 20 each node of the nesh; (b) a synthesis circuit, for a prediction of
the current picture based on the know edge of the nodes notion field and a
subsequent conpensation of the texture information; (c) a nmesh updating

circuit, for gygwpflishéecati on of the topol ogy of the mesh by ZSIP%%g_arrent ation
or merging of triangles; (d) a mesh updated4coding circuit, fo ?W@“ﬂhe
nodi fied information related to the topol ogy of the mesh. According to

anot her enod which coding gchnique amenent) peadetcumined dist wilk ber used iwithiy eachrgneiof $aid 30
(a) a rreshghfggn efinition device, for associating to said projected nesh
coarser meSha& obt ai ned by mergi ng and whi ch define upper |evels of said
tree and finer meshde atxbngabd-issemblye foreodingisaid decisionfsaid fikal projected\nmesh

or oposal s 88 D G P8 ok 85 HaBly SHERTRREE: oo oi an on which pol ygons
wi Il belsong to a so-cal ethefdasebf iopetohd embbdiment, diXion sdtzd66mbly may then
gr edet er i ARAPHc: degisipn ngmﬁé'lé‘g‘%éil‘%? gV%ég%d%%chég:%$§M ?"e‘ 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.
10 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
15 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
20 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
25 " 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;
30 - 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 ;



(c) a coding sub-assenbly, for coding said decision, said final projected
mesh and the texture of each of said finally sel ected pol ygons. 5

In the case of this second enbodi nent, decision sub-assenbly nmay then
conprise a decision tree construction device, said decision tree being
provided for c ] I nformati on about cost and quality of said codin

t echni ques, angﬂgﬁmgﬁﬁinization device, forsfinding a set of p ymu%
defining said final projected partition with the highest coding quality and
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of the invention to propose a system for decoding signals coded by neans of
a codi ng sy@ecanding de thesinVeptionsove- descri bed one. To this end the invention
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partition, wherein sai"d®décoding system conpri ses ‘a cPsSi"on decadi ng
devi ce, prodecisions on tikcmxiihigngratdgy aretakenygt i on corresponding to the strategy

used for coding said tisqal _partition. a notion 20 decoding device, a
Dartition decoding. dedie2s isaematc tRersSkaiation o & detif Systiin EarfiRE 46 e
aspects W ifvention,cFigi2Sris &ithoreetailpd dllsntatibn oftherpartition cind at»tdrerddcbding process,
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connect i on \H‘é ’ﬂ'ﬁg?sa%'l: W?I‘g&rd‘b%m‘?" 4°ﬁ°‘&?ﬁ 84YiCe. iy 1 shows the

structure of a coding systemaccording to the invention;

The main steps of the proposed coding method, implemented for example

15 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) ;

20 (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

25 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 ;

30 (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



- Figs.2to 5 illustrate a prelimnary step of initialization of the nesh;

- Fig.6 shows how the texture is synthesized; - Figs.7 to 9 illustrate
three splitting strategies for the segnentation of triangles; 30

- Fig. 10 illustrates the restrictive conditions of creation of new edges;
- Figs. 11 towddy, how a process of node elimnation may e
mesh t opol ogy; 3'?:?’8? 14 to 18 illustrateba case of texture %g%f’ﬁg%"m
corresponding to a situation where the texture synthesis has produced a
poor repr ebetexioiechas 3¢ be improved):; WO 97/ 42766
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of the 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

10 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

15 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

. 20 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

25 ‘'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.

30 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



and Fig.26 is an enbodi nent of the partition decoding device. The nmain
steps of the proposed coding nethod, inplenented for exanple 15 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 t he

time evol ution wboblagrspesh, achieves at the sane tinme the defi n#: }ﬁh’ the
new partition (made of triangles) and the ndde notion estimatio J{

does not allow the introduction of new regions); 20 (2) mesh notion
codi ng st ep oppesitesedgefitbe triasgle. pr ovi ded in a mesh notion coding circuit
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previ ous nesh updating step is coded and sent” to a receilver
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error detect%%%,gcwt 16 is provided (sixth step) in order to select the
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smal | est nu triangl es where
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
15 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,
20 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
25- 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

30 (= 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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the texture has to be inproved; (7) texture error coding step: the quality
of the selected triangles is inproved by coding their texture during this
seventh step, in texture error coding circuit 17, the correspondi ng coded
si gnal being gfM, a receiver (arrowin Fig.l). 5 I n

t he sequel, thesem&ﬁﬁious steps, as inpleBented in the illustPal/BRP7EMSE o
are nore precisely described. However a prelimnary step is provided in
order to dgdometrical oBtehion) SFheses splitting siratagiesteithes scgmentctha tosiginal triangleh into two

initializatign). ch_.a defi.nitian .of e r. the first frane is
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shown behi giduldgenefaBiy ot be éntfodutadain the iside of ahdirianklerbecduse tiy witlosredte ad
regul ar 10 square nesh as shown in Fig.2. The nodes of this initial mesh
are then dhﬁfl%"(’géﬁﬁ‘fﬁ'ﬁlﬁol‘bg‘egﬂﬁﬁi‘ BRENNG e edes H adpidse always
thanks §0 fcstbdBh exis@iy Edked afi® oh High ?haibﬁtaﬁosiﬁ,@n@ & sh6¥n TRIFSE) 10.9WRES @lrelW M
wor ki ng on the _norphol ogical gradient of the image. Then, each resultin
pol ygon i snadeNNas hesn infrodu #plitang teangle 1 edgss Nz shawld per s
have four O(ﬂ'séﬂ' I I [ i1 b ol |

triangl es: Q’t e sp?ltt?ltstnlfer?g sﬁtg%%ngﬂ?;?lﬁbgs mélln;&mgégd\%??%ﬂyw t P%&(g% h
resulting triangle is sioltbemeggingisapge 142, annde climination iv pmyided, avillustrated én

oo PTG, SO S R ONE s o By LA,
t ri anguDat degenarhtgd,r thatistfifnplesewithnphe edge | size maycht smadley thaatthotyo ofhiess. In
st ”Exihl li &niﬁﬁtrﬁ&%ﬂ tg.v% &cggnt-fr{t@&rﬁiangles 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
15 (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

20 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

25 (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

30 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



to code: the density of triangles depends on the signal activity, and the
edges of the nesh 20 follow the strong gradients of the inage. The

obj ective of the projection step (first step) being to follow the tine
evol ution of the sequence, the projection circuit 11 is divided into a
notion estimat GYPomhage 111 and a mesh definition stage 112. In the first
stage 111, the notion of each node is estingted by a bl ock 25 pﬁ@‘
The search area can be rather |arge because the estimation only involves a
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the di spl acenent vectors:ib?‘aYﬂsvmﬂléis?fawmml‘?E‘P‘gg eg0) esults by,
new mesh shesudingahé aﬁmadomzstdwoiea% theQarfitions Iieiel POT phtehtipphitition! feg m-
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defined for efRehn) Whnl thit BipeB? Wprhdhedildf, & 'chdkul analysis of the bit atlocation problem

10 had then 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

15 30 kbits/s.

N

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

20 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

25 - 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

30 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



estimation stage 111 of the projection circuit has to be coded (second
step) and sent to the receiver in order to create the new nesh (that is the
next partition). In the sane tine, this 5 translation vector is also used
to define the notion field intended to conpensate (third step) the texture
I nformati on. ' ensation of the image (in the synthesis _circuit 13)
allows to nak‘-eg@aﬁ,ﬁ‘)?gg})ction of the currend0frane based on thepﬁm"@?ﬁb of
the nodes notion. As nentioned, the nodes notion allows a restoration of a
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stages 14](&399&%%%(&9&% 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

15 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

20 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

25 ‘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

30 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



25 described. In the segnentation stage 141, one wants to introduce new
triangles in the nesh in order to nore accurately represent the texture or
the notion. In order to select the triangles that have to be segnented, two
different criteria my be used. According to the first one, a triangle

shoul d be spli a way that one new edge wll follow the hi
gradi ent 30 (t—w%%?#g{t criterion) if a high gradient conponerf c’éﬁ&’?’ﬁ’é‘l

signal crosses one edge of this triangle. It is the situation illustrated
in Fig.7 or idisiinOsuB-asembipilon af deeofpaititionythit e fticrBtiomr frem pltpojdctedahesht

50 % of hig _ggradl e‘;};wﬁgl sﬁré\%%%&gloggdé\gqtﬁg\feﬁééo\g cri teri n, a tri angl! e
of very larg theref dﬂ@&‘*ﬁ%
shoul d be sempgld@wdgfmmﬁﬁﬂﬂgé@nﬁgmce it is I [ keI y to produce

| arge synthesis errors (= WO 97/
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as shown i n progosed Go théhderision)ew node NN has been |ntroduced to split one
triangle, several new ed E.shoul created t seryve t.he nes
Structure (al T pol ygons. oFn% IEARICHOSrS, peef B 88 sefighilBE apuline 1B
the mergi10g distagivonletericn andlitlustratad imaFigRi, irclies ronvthel ecnceptsof ddcismnrwéeenn md
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).
15 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,
20 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
25 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
30 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



Figs.ll to 13. Such an elimnation is used to renove triangles that are
either very small or 10 degenerated, that is triangles with one edge of
size much smaller than the two others. In Fig. 11 (initial mesh), two
degenerated triangl es DGI can be seen. For each small or degenerated
triangle, the _node corresponding to the smallest gradient is renoved (node
extraction il IWRPTHH®d in Fi g. 12). This nede extraction dest PCysBI7@6NESh
t opol ogy as can be seen in the center of Fig. 12. Therefore, a

triangul at yadsigh ¢kl thm has to be inplenented 15 (Fig. 13), in order to add
new edges NE and restore the triangular taqpol ogy of the nesh. The i
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is carried out by nmeans of a convent] onal regi on- based texture coding
techni que PRWBIzABORPperation comprises the following sub-steps

~ a first sub-step allows to make a local analysis and to compute, for each node

15 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
20 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
25 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
30 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



The descri bed codi ng approach gives promsing results conpared to cl assi cal
regi on- based codi ng schenes because it very efficiently deals wth the .
notion and partition information, which allows a significant saving of bits
that can be used for texture coding. This active nmesh scheme actually

al l ows the codi %Wm e shape and notion WO 97/ 42766
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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,

15 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

20 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 :

25 (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

30 each 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



15 30 kbits/s. For very low bit rates (below 30 kbits/s), this partition
codi ng techni que begins to be too expensive in terns of bits, with a
tendency to nerge regions. However by taking into account the main

advant age of the solution described in this european patent application
(consi sting i& t9pke‘ JE\Ct that an optim zation in the rate-distortion sense
of the 20 pa %8 and of the codi ng stpgat egy provi des an ORRTABATOMI6X
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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

15 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.

20 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

25 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

30 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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PCT/ 1B97/ 00461 previous franme (T-1), this device makes an estimation of the
mesh corresponding to frame T, by nmeans of a definition of the notion of
each node of the nmesh as previously indicated in the description (in the

projection cirGuhbykbls The mesh topol ogy (number of pol ygons, _adjacenc
relationship) is not modified in this devids. The mesh tree defplcﬁJf"P?"dq?‘Zl

device 1912 5 allows to obtain a mesh tree that is the equivalent of a
partition tree but for pdhggesond steps iraplemanted dn a fmarging loircuin 262, rpegfotms theA
partition tr . ' or | | a cited P at ent
applicati on,r&?%mg&%%k pﬁ;ﬁ? a{)er %Mgg%’%ﬁ@?ﬁ%& ’ (h)jr’lfgs géheogglsrﬁsswgf S and
texture cri transmittediid irtracframe aode areodecodedo(intrd regions gleendirgogisouite263y.Purihg) the
order to |l ater .select for.codin he .10 .picture the nost conveni ent

regi ons (i nToYfHh %s@ﬁpf%%y “t‘ﬁ@é mgiméb{iveni ent pol ygons). Said

conveni ey fRaiof tompensatedt oﬂc&ﬂlgﬁméiiﬁuitw 2 Me RImPénsatisn | g ued
of the different | evels _ofm?toﬁe nes} t,r(ig. The intyra bui Igiigg pr.og‘ggrss %fé.
this nesh t Ageded Gniesaesions deceding suetibACDr Tomiifand last step dgalp avith whe dabelling
two differeqt uel s cohiehidoR Rfrorshrdifith, AR VH! if § BectRed HER B, Biruie

created by merglgg regions fromthe ‘projected partition and whic
the 15 upp@fbi 1y the, epmpensation is,danesxagtinas it was done on the,goding side athe
greater regigiediafoiPields BF i RoktA giafDER fitel ' > adll ith€ 't
for instance tﬁ%.t have a sim| ar I on), and on t h%.&;t_ ern%gh |'!r'1$e1§ uk)ér}\ggs
whi ch arl® ca«anfigt between teq)labels, the ordes ipfoomationdy used: inj vi¢w of ardecisionciilowirig toe
t he | ower | InS T O g,gﬁ!f IS wseful . since
-either new o f\‘léa}géhn%% h‘ggﬁﬁea%%g’eﬁ‘ eed&ll'g?? ed'l %e'ﬁ"{ee%r?&tsz\ﬁg ? ?gel %l#gent
char act er i z etonstrugted; gartatiam; calkd REGR). ur e and however merged because they
have for instance a sim llﬂ{s J\Wﬁuk &lkrdnl pgrtﬁfogvi,'s? Rived by the texture decoding device
244, in which a texture compensation 244-1 is first performed (Fig.25), and then followed by
15 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. |



frame may suddenly differ in their notion in the current frame). The final
obj ective of said nesh tree is to construct a set of nesh proposals from
the original projected nesh OPM as shown in Fig.20, where the upper |evels
are obtained by nerging and the lower |evels by re-segnentation. These nesh
proposals 25, fga.reduced set of polygons that are candi date to bel ong
to a so- caIIed |na projected nmesh. The Ifesh tree is a hi er FCHBOHPOELt of
nmeshes. This neans that if one node or one edge is present at a given

| evel , thCEAIMS: or edge is also present on |ower |evels. As shown, the
mesh tree is nmade of two parts: (a) below the projected nesh (the mesh
resulting fromthe projection), a set of finer neshes can be found, that

i nvol ve smal |l er polygons able to 30 represent fi nerumﬂmlﬂm”mnﬁlllnage;
(b) above the projection nesh, a set of coarser nesh t he
pol ygons are constructed by nergi ng sone pol ygons of fower 4Yevel s, &nd
represent |arge regions that can be processed as a single one. This

structure has been sel ected because, if the scene content has not been
strongly hodified, theAimethod pf epding aceavense of pigiugesthanks o dcseamentationmt i on

o 3 oPbbalBonSFhch U el e RSy o e o ARGFGF e cf i o),

deci si on mm@onsswhmheﬁompmmm partitiorheonsidered fwithe raspect dm ¢hef r om

the proje & g therefore renove or add sone regions

W th r.espé‘%tg‘%g%ﬁgfes%‘fm e?@e‘% %e and wili allowto define said final

proj ecSed nesh. Thél)dadnitiabizationisteps by rsobdivisin of skidscurient pictpe i @ rhesbroft he

mesh tree,andl yhe 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
10 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

15 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 ;
20 (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
25 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



5 makes a deci sion on which polygons will belong to said final projected
mesh, and whi ch coding technique will be ujmwsmn“ m gion of this
final nmesh, nmade of polygons comng fromv mlﬁuﬂ VI he nmesh tree
(for each region, several coding techniques "aré ptopbsedl t' st he deci sion).
The deci si on prwoews76ébased on an optim zation according to a r -
distortion criterion and illustrated in Fid?721, relies on the c%%@?‘p’%&ﬂfl
decision tree DT, said tree DI listing in a conpact and hierarchi cal
structure aPprojedted meshst bl e codi ng choices: the nesh tree MI defines the

choices in termof r %ﬁ'ﬂ&tﬂx@ db: 'd?x%ifg&ﬁﬂ citfgl € the list of coding
Thege pol

techni ques deals wt e actual coding o ygons (as explained in
the foll ow Bg paragraph) A tem according to claim 2, wherein saghohesh crafimgacienit n t he
cited PCT pg&g@[i pplication, this decision process includes two operations
consisting I'n irst decision tree definition operation followed by a
second ojstim zation (@ meshomotidiheoding citrculty for¢oding a aishrior avector definedefor
construction. , As al illystrated in Fig.22, fromthe nesh tree MI which
was defi ni n@“‘f‘ﬁ}é’dﬁﬁgi%t’e@ iterns of regions (polygons), a decision tree
DT, 20 concentrati ngp)iasynthesigcirtsif)i foith prédittidnUsfthé bhrréi Pidtere YabddCort g1 NO
choices, is dquged ' tg& follo n& way :. each node of the decision tree
cor r esponds ¥Viedgsoh the » ??'E‘ﬁ'ém‘\r%@ apd @ subsrauent campensation ofthadexturaodes
(between f ajnférmafieA§s and chil dren nodes) which are also given by the nesh
tree. _Tt}gse rel ati onsg define how one region at_a given level (in Fig.22,

five | e s incl udi nff)@Beshaipdating cirqyit, &5 amedification efcthe topelogy afithe mesh by

shown) may gistraRiatibf of Merti 5“,!,'-&? various regions (or children regions)
or be margedgto for moa Iaémér reg io}ﬁ'(or father region). Moreover, in order

to define the codi ng@@rm fercoding inouid; for eoding thesmodifipd infoemation related to
the topology of the mesh.
4, A system according to claim 3, wherein said texture error detection and

15 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.

20 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 ;

25 . (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

30 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



e

decision tree will convey information about codin and respective
quality (or distortion) of the n possi b”ﬂllﬁmll m“g techni ques: a |ist
of rates (rate list Rerr], Rerr],..., 'R L ot of distortions
(dist list Derr], Derr],..., Derr]) wll therefore be assigned to each

of said nodeswoloidyeg0 |ists having the sane length as the Iist of texture
codi ng techni ques TCT, and each of these 18 techni ques being iW@%".“E_‘P and
22 designated in a short manner by d, C ...,.... Cn. In practice, each

pol ygonal satefipolygohs defining said tfinakpriojected hattitioni witie thei higliestt qodingrqualityi andcthe
node si ncg‘#‘?f%%?&% 38%‘ each region has been estimated during the creation
of the ne ‘§@ "the proposed techni ques, and the correspondi ng
rate and @ stortion ar @ siseneforidecéding signalcSded 4y Afi€ans of a coding system

12 . . RCTI B9,7/.00461 deci.sign tree. This step of

const r uct RSAT4IPE i elaif 2 &?ﬁ%ﬂgw %sﬂﬁ?’gf’%?‘?’cﬁ%f’“%%’&i?ﬂﬁ caded he
respectsi Vinforpiation cofre§Rabinga6anioptifal patides compated eithg of Mgedhs2df 4 hain
noment. Once .all, the, noggs of .the decl sion tree have been popul ated with

the |i st sPUFtieR Agicraincd By asmaten estimation 3pd POMBENSaHAR of & RISYIOULPATHoR ARGA
oper at i ONyexibdral lekichsiod !Hf%hé’?&ﬁ%@&t&f {;ﬁ-ﬁﬁbﬁrb? ot i(-)e?fbnG ¥ adifridrial ?\ﬂﬁﬁbtﬂﬂg&ﬁe& he

search for a mnimzation of the distortion D ol the inmage, )
restricti by Menging OF se-segmentisg Jegionscofthe main pastition| wherein gaid decodior) systesef i ned

for each @Wn et Ricndbebsi : debsaitl k'3 ' h?%‘?ﬁd
Lagr angi a{:\& + t‘g‘ﬂeﬁmﬁgﬁ e L |.g£? &g%@ﬁ%gﬁmgré.g@bpﬁféﬁ%r& g
f or mul 18t et the sttegy used forcnding Gaid nplimal partitiowra mptiom decbding sleviter 2 pastition
that R eramg%, M4 X%ﬂurﬁlmﬂgodm. budget). This problem




finally consists in using the decision tree in order to find a set of

pol ygonal regions (creating a partition) and a set of texture coding
techniques mnimzing D+ L[err]Rlerr]. To this end, the optimn zation
operation conprises the follow ng sub-steps: - a flrst sub-step allows to
make a | ocal apaloysi7gs and to conpute, for each node 15 of the de¢irsdRods:
tree, the Lagrangi an for each texture coding technique: the technique

giving the | owest one is considered as the iggm one for this node and
this Lagrangian is stored; - a second sub-st E | ows to define the best
partition by a bottom up analysis of the decision tree which, starting from
the | owest |evel, |eads tf cal ci sions on the codi gmztrategy
as illustrated in Fig.23 Zas sum ng t hat t k™ wo nodes on_sai g~ | evel
are 20 active (whi means/ that jt hey] are conki der pd a$ beingfpart of fhe
final partition : sych nodes arejr sented by bl gck &ircles), two
situations may occurf when one |i know if it §s n : co@e the
area represented by i ? eqgi t he
singl e node | ocated on the u : Lag pper
node (Dferr] + LR[err oper §t han the sum 25 of th i g t he
| ower level, it 4 \ ‘ : N - on and
t he upper node beconfe i pl ace of the two | owe
deactivated (left Sichemes gl ) i ode
i's higher than said sum it is B , and
5 new

at the | ower | eel
i Btorti on has beqd

ans of the no
Ly in rate an

t he upper node renaijns deact i va
Lagrangi an is the sym of the Lag 10
(it may be recalled that the addigti vi

assunmed during the

FI1G.2
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This procedure is iterated until the highest |evel of the decision tree is
reached. The set of activated nodes then gives the final set of pol ygonal
regions which WD 97/ 42766
PCT/ TB97/ 00461 13 defines the optimal partition. If the coding cost,
conmput ed by ackﬂbg.gat,gge rates of the best techniques for all aqgidragémarst
nodes, is equal Or very close to the budget, the optim zation procedure is
finished and this optimal partition will b d. If the coding cost is
much bel ow or above the budget, the Lagr anée? iarret er L has to be nodified
and the 5 optimzation has to be done again® The convenient definition of
L can be done with a gradient search aloorithnlfgfgljig with a very high
PNEST Sl S N ) AR Al Dol el B0 i i
value LH and a very |ow value L[er E!pz';:zs’;gg:mhs:‘i ng codi ng
strategi es which give rates RL and IKEPERNZIZBR IZRP0W and above the
budget. Except if one of these rat A ASIICESN I aNMenough to the budget,
- i ne SSEINIALEELZN LS
a new Lagrange paraneter is defi neie ey DM err] )/ (Rlerr] -
Do NINLZINL TS AN/ v
Rlerr]) and the procedure is iteraphMoNE IR IRNIRE KM at egy giving a rate
close to the budget is found (for [ANAIUSN/BAAZLINGANI n an interval of 5
% around it). The illustration of &1137&3;?’,&:‘@5;;:5 as
inpl emented in the sub- assenbly 1A NEIAPRRENGSEIh Fig. 21. Fromthe
: : PIQAN IV PNNNINEZY
mesh tree MI, all regions are extr SItANNIZIZEDRIPARM AS) to formthe
decision tree DT, and several texture coding techniques, 15 indicated by
the reference (Jerr], (err],..., (err] aFTG:oRsi dered for each region.
’ »

Then pol ygonal
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regions Plerr] fromvarious |levels of the nesh tree are chosen (choice step
CS), and the best final partition BFP (or optimal partition) is defined
together with the best coding techni ques BCT, one for each pol ygonal region
(Cferr], C3[err]...). Once this optimal partition, created fromthe
proposal s cont awpew4izes t he 20 nesh tree, and the coding strategy éﬁghgﬁ

pol ygonal regi on have been defined, the information necessary to deco he
i mge sequence should be sent to a receiver o a storage nedium the
decodi ng process being then inplenmented Iatéz his information, processed
in the coding sub-assenbly 193, is conposed, as illustrated in Fig. 19, of

the followi ng el enents: 25 (a) the coding strategy itself:
this information, coded in a decisio)eeging device 1931, will informthe,
receiving part (the receiver or the/storpg <li un) about the coding
technique to be applied on each regf on; e partition : a mesh coding
devi ce 1933 produces all the inforyms ded by the receiving part for

restoring the current partition, 0 say the position of 30 each
pol ygonal region and its contour, gentification nunber (or |abel) being
also transmtted for each polygoral) fegion in order to track it in tine and
to deal with areas uncovered by Apt)Qn conpensation; (c) the texture
paranmeters of each pol ygonal reg : {the texture may be coded in a texture
codi ng device 1934 by using a

AE
FIG.9



WD 97/ 42766 14 PCT/ TB97/ 00461
nunber of conventional region-based codi ng schenes regi on-based wavel ets
deconposi tion, shape-adaptive direct cosine transform and so on). Finally
t he out put signals of the devices 1931 to 1933 of the sub-assenbly 193 are
sent to a nultiywbe¥gsred 935, the output of which constitutes a nultiplexed
coded 5 out put bltstrean1e|ther stored or sent to a receiving SOGHB/0046t
shown). Satisfying coding results have been ned between 10 and 30
kbits/s. In said receiving system a decodidg pf gqcess allowing to .
reconstruct decoded pictures is carried out, the correspondi ng devi ce being
described with reference to Figgs.24 to 26. The received nultipl exed coded
bi tstream RMCB (correspondi ng#t's the 1Q4Ldit st rearﬂﬁent t hrough t he
transni ssi on channel and/or towang agir ecei viag part and/ or the storage
medium is first received by an-d 50, and then sent to a
deci si on decodi ng devi ce 24kt 7 8exi es by a notion decoding
device 242, a partition dedggE ‘ ~ '

244, the output of which conSg
decodlng system (these main dewgg
functions inplenmented in the codkii

codi ng strategy information and t}@ 3 0 e decoded in the devices 241
and 242. Then the nesh and texture IN# ornatldWEare successively decoded in
devi ces 243 and 244 respectively, according to Fig.25 that illustrates the
| oop which allows to understand the decoding process and to Fig.26 that
shows in greater detail the nesh de evice 243. 20

Concerni ng the nmesh decodi ng devi cetjﬁ?‘ﬂ ustrated in Fig.25 and shown in
greater detail in Fig.26), it receives on the one hand the output signals
of the buffer

decoded signal of the
o¢/respond to the 15 coding
bly 193 of Fig.19). First the

/‘

D6T<7] .

FI16.11

FIG.12



250 storing the transmitted coded signals and on the other hand the

previ ously decoded and reconstructed partition, called REC(t-1) and
available in the formof a list of |labels at the output of the texture
decodi ng device 244. Said device 243 inplenments the follow ng 25

successi ve st epPgo Hy h%lustrated in Fig.26. The first step, inplenented in
a relabelling circuit 261 al so shown in Fig.25, consists in nodPFYRAG0e4ee

| abel's of the previously reconstructed partition. Such a refresh step is
provi ded for the follow ng reason : since Sﬂiﬁﬁl gi ons have been on the
coding side either created or elimnated, I rum val ue of the | abels
Is increasing. The 30 regions are then preferably relabelled in order to
limt the value of |abel nunbers, and, for technical reasons, it is sinpler
and nore convenient to reassign a | abel valq¢Eat t he beglnnlng of each
decodlng | oop, in such a way that only | gbels o Nare used if there are
N regions. The relabelling step then je | abel "1" to the
first. encountered region, the | abel one, and so on. WO
97/ 42766 15 PCT/ 1 B97/ 00461
The second step, inplenented in a nerjgi kb ]‘ o perfornms the nerging
orders that are contained in the buffje ' he third step, the
regions transmtted in intra frame ntra regi ons decodi ng
circuit 263). During the fourth step, oded partitionis 5
not i on.conpensated (notion conpensat': i
errors are

SF




decoded (inter regions decoding circuit 265). The fifth and [ ast step deals
with the | abelling of the decoded conpensation errors partition, carried
out in a decoded errors labelling circuit 266. Preferably the conpensation
i s done exactly as it was done on the coding side: the conpensation relies
on the notion_paraneters defined for each region and, each ti S 10
a conflict bet %%E? | abel s, the order information is used ?ﬁnb?ga/o :
decision allow ng to know whi-ch | abel w Il . The output partition of
the device 243 is the current reconstructed?fiﬁfltlon called REC(t). This
output current partition is received by the ure decodi ng device 244, in
whi ch a texture conpensation 244-1 is first performed (Fig.25), and then
followed by 15 a texture decoding step 244-2. As for the coding part, in
whi ch several coding techniques had been pr Bl tc g
used, the decodi ng process being sinmlar toiu ibut put
I nformati on of the device 244 yields the dej :
polygonal regi on has been simlarly process
CT£ 97/ 00461 CL
of codi ng a sequence of pictu thanks to on of each
of said pictures followed by a codi ng oper ajjuu v Wt ai ned
successive partitions, wherein, for each cuj . eglered with
respect to the previous one, said nethod cojgs :

B A net hod

EM

CF




5 (1) an initialization step, by subdivision of said current
picture into a nmesh of bl ocks the nodes of which are |ocated on high
gradi ent points and of the blocks of said nmesh into two triangles; (2) a
projection step, allowing to follow the tine evolution of the sequence
t hanks to a tlnatlon operation, for associating disp
vectors to the&’I c?g{é'g %8t 10 each tri angle, followed by a nesh de %61
operation, for defining a new nesh on the b of this notion of the
nodes; (3) a nesh notion coding step, in or?%ﬁito create the next partition
and to define the notion field allowng to ensate the texture
information, said conpensation allomﬁlg_tg_ca_g¥ out__a synthesis step of a
e
o]

prediction of the d-rr-EFﬁ—Tﬁ?t-ﬁa based on th knowl e(ige—:of t he nodes

notion; (4) a segmgntation and nﬂﬂ adapt at 1 pn of the
topology of the megh to tRe_euo ! sgg%1seg ent ati on
sub-step allow n ointr® G : and} dai d mer gi ng
sub-step al |l ow 0 renoye snall br --en— 5
(5) a nesh ‘upd odlng 4 (dn l%gﬂ 3 gngl codi ng
step. 2. g a seqh Nee-e nt h Ct Ures
defi ni ng successivi ¢ % ch curreng_g_p u i of ijgi y
available in the far f s the nodleb . { gre | ocat ed on
hi gh gradi ent poings \g 3 sldck b ubdi vil d kg & 25 triangles,
wherein said syste conpr ses: (4) a projection ¢i [ %stinating on
t he basis of the nes : oq a |
| | | |
| | |
I : | |
! l
l | ! i
Y A s i
P |
————
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previous picture (T-1) a projected nmesh nade of pol ygons and correspondi ng
to the current picture T; (B) a nesh coding circuit, for coding notion and
texture associated to said WD 97/ 42766 17
PCT/ 1 B97/ 00461 projected nmesh; (C) a texture error detection and coding
circuit. 3. A system according to claim2, wherein_sai ?L sh
codi ng circui twoemm7séGes: 5 (a) a nmesh notion CO(rIClTem%-, P It
for coding a translation vector defined for each node of the nesh; (b) a
synthesis circuit, for a prediction of the&fljnt pi cture based on the
know edge of the nodes notion field and a skduent conpensation of the
texture information; 10 (c) a mesh updating circuit, for a
nodi fication of the topol ogy of the mesh by segnentation or nerging of
triangles; (d) a nesh update coding circuit, for coding the nodified
information related to the topol ogy gtsthe nesh. 4. A system
according to claim3, wherein said t ure error detecti on and

[~

(C1,C2,..,Cn)

i

FI6.21
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15 <coding circuit conprises: (a) a detecting circuit, for conmputing the
difference between the final picture and the original one and defining a
mask for an inprovenment of the texture; (b) a texture error coding circuit,
for coding the texture corresponding to said difference. 20 5.

A system accor svangr/§29¢6c! @i m 2, wherein said nmesh coding circuit COngI’I ses:
(a) a mesh tree definition deV|ce for aSSOC|at|ng to said prm

coarser neshes obtained by nergi ng and whi i ne upper levels of said
tree-and finer neshes obtained by resegnenga, and whi ch define | ower
eci sion sub-assenbly, for

| evel s of said tree; 25
taki ng the nesh proposals of said deflned mesh tree and making a decision
on whi ch pol ygons rojected nesh and which

codi ng techni que a e used wm

ng a predetern1ned list wl

sai d polygons; (c)|a coding sub-assenbly, for codiag.said decision, sgid
final projected negh 30 and the texture of each or=sard f i~fat=ty sel eqt ed
pol ygons. 6. A system accordmgo cla evein said
deci si on sub-assenply %ses a deci si on..gee u-_glct | gzgevice, gaid
deci sion tree beinp prov forgxtBveyi mg P#0r npt-Osr—about@cost and
quality of said codlngeggghnlqusﬁicahd an_g@tTm zation devLQg for figding
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WD 97/ 42766 18 PCT/ 1 B97/ 00461
set of polygons defining said final projected partition with the highest
coding quality and the | owest associated cost. 7. A system for
decodi ng signals coded by neans of a coding system according+to claim 2,
said coded signals constituting for each current partition a coded 5

i nformati on cowcesmerdi ng to an optimal partition conposed eit RET/IRH/00461
regions of a main partition deternmined by a notion estination and
conpensati on of a previous partition and n ral extension of the
conpensated partition or of regions of ada ' | partitions created by
merging or re-segnenting regions of the main partition, wherein said

decodi ng system conpri ses a deci si on decodi ng device, provided for decodi ng
the information corresponding 10 to the strategy used for coding said
optimal partition, a notion decoflin | art) ti on decodi ng devi ce,
alrcl)d a tegture decodi ng devi ce. ° W'ﬁﬁﬂﬁl P °
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