
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

77
9 

10
0

A
1

TEPZZ 779_ZZA_T
(11) EP 2 779 100 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
17.09.2014 Bulletin 2014/38

(21) Application number: 13305265.4

(22) Date of filing: 11.03.2013

(51) Int Cl.:
G06T 13/00 (2011.01) G06F 9/46 (2006.01)

G06F 9/50 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME

(71) Applicant: Thomson Licensing
92130 Issy-les-Moulineaux (FR)

(72) Inventors:  
• Marvie, Jean-Eudes

35576 CESSON SEVIGNE CEDEX (FR)

• Hirtslin, Patrice
35576 CESSON SEVIGNE CEDEX (FR)

• Mocquard, Olivier
35576 CESSON SEVIGNE CEDEX (FR)

(74) Representative: Perrot, Sébastien
Technicolor R&D France Snc 
975, avenue des Champs Blancs 
CS 17616
35576 Cesson-Sévigné Cedex (FR)

(54) Method for processing a computer-animated scene and corresponding device

(57) The invention is related to a method for process-
ing a computer-animated scene, the computer-animated
scene being represented with at least an animation graph
(21 to 26), the at least an animation graph (21 to 26)
comprising a plurality of nodes connected by paths, the
paths being representative of dependencies between the
nodes, at least an event being associated with each node,
a first information representative of the type of each event
being associated with each node. As to optimize the par-
allelization of the nodes, the method comprises a step of
classifying the nodes in at least a first batch and at least
a second batch according to the first information associ-
ated with each node, the at least a first batch comprising
nodes to be evaluated in parallel and the at least a second
batch comprising nodes to be evaluated sequentially.
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Description

1. Domain of the invention.

[0001] The invention relates to the domain of image synthesis composition and animation of virtual scene and more
specifically to the domain of parallel processing of events for animating the virtual scene.

2. Prior art

[0002] According to the prior art, it is known to describe user interfaces, graphical object(s), the animation of the
graphical object(s) over the time with a scene graph. In general, such a scene graph describes, usually in a hierarchical
manner, e.g. a tree structure of nodes connected via paths, how graphical elements are arranged in space and time to
compose a scene comprising one or more graphical objects. Graphical objects may be defined in a number of ways,
such as using a skeleton and associated mesh, NURBS (Non Uniform Rational Basic Spline) surfaces, particles and
the like. The position, orientation, deformation, scale and/or other properties of each graphical object may be animated
over time, for example according to user’s commands. The complexity of a scene, and then of the scene graph, depends
on the number of graphical object(s), the complexity of the graphical object(s) and the complexity of the animation.
[0003] With the emergence of multi-processors system and/or multi-core processors, some of the tasks described in
the scene graph, the execution of which being necessary for animating the scene, may be parallelized for speeding up
the computation associated with the animation of the scene. Nevertheless, specific mechanisms and tasks associated
with nodes of the scene graph strongly limit the parallelization abilities provided by multi-processors system and multi-
core processors.

3. Summary of the invention

[0004] The purpose of the invention is to overcome at least one of these disadvantages of the prior art.
[0005] More specifically, the purpose of the invention is to optimize the parallelization of nodes and associated
tasks/events for animating a scene.
[0006] The invention relates to a method for processing a computer-animated scene, the computer-animated scene
being represented with at least an animation graph, the at least an animation graph comprising a plurality of nodes
connected by paths, the paths being representative of dependencies between the nodes, at least an event being asso-
ciated with each node, a first information representative of the type of each event being associated with each node. The
method comprises a step of classifying the nodes in at least a first batch and at least a second batch according to the
first information associated with each node, the at least a first batch comprising nodes to be evaluated in parallel and
the at least a second batch comprising nodes to be evaluated sequentially.
[0007] According to a particular characteristic, the method further comprises:

- identifying at least a prototype node among the nodes of the at least an animation graph according to a second
information representative of node type associated with each node,

- classifying the at least a prototype node in at least a third batch,
- classifying the plurality of nodes of an animation graph associated with each prototype node in the at least a first

batch and at least a second batch according to the at least a first information associated with each node of the
animation graph.

[0008] Advantageously, the method further comprises evaluating in parallel the nodes of the at least a first batch and
evaluating sequentially the nodes of the at least a second batch.
[0009] According to a specific characteristic, the method comprises the step of assigning the nodes to at least a cluster
according to a third information associated with each node, the third information being representative of a dependency
counter according to the dependencies between the nodes, one first batch and one second batch being associated with
each cluster.
[0010] Advantageously, the step of assigning the nodes to at least a cluster comprises the steps of:

- initializing the value of the third information associated with a node with the number of predecessor nodes to said
node in the at least an animation graph,

- for the nodes having a third information value equal to zero, assigning said nodes to a first cluster,
- updating the third information associated with successor nodes of the nodes, in the at least an animation graph, of

the first cluster by decrementing by one the third information value,
- for the nodes having an updated third information value equal to zero, assigning said nodes to a new cluster,



EP 2 779 100 A1

3

5

10

15

20

25

30

35

40

45

50

55

- reiterating the steps of updating and assigning to the new cluster until all nodes have been assigned to a cluster.

[0011] According to another characteristic, the first information takes two values, a first value being representative of
an event associated with a node having no effect on the evaluation of another node, a second value being representative
of an event having an effect on the evaluation of at least another node, nodes with an associated first information taking
the first value being classified into the at least a first batch and nodes with an associated first information taking the
second value being classified into the at least a second batch.
[0012] Advantageously, the method further comprises a step of rendering the computer-animated scene by executing
the events associated with the classified nodes.
[0013] The invention also relates to a device configured for processing a computer-animated scene, the computer-
animated scene being represented with at least an animation graph, the at least an animation graph comprising a plurality
of nodes connected by paths, the paths being representative of dependencies between the nodes, at least an event
being associated with each node, a first information representative of the type of each event being associated with each
node, the device comprising at least a processor configured for classifying the nodes in at least a first batch and at least
a second batch according to the first information associated with each node, the at least a first batch comprising nodes
to be evaluated in parallel and the at least a second batch comprising nodes to be evaluated sequentially.
[0014] According to a particular characteristic, the at least a processor is further configured for:

- identifying at least a prototype node among the nodes of the at least an animation graph according to a second
information representative of node type associated with each node,

- classifying the at least a prototype node in at least a third batch,
- classifying the plurality of nodes of an animation graph associated with each prototype node in the at least a first

batch and at least a second batch according to the at least a first information associated with each node of the
animation graph.

[0015] Advantageously, the device comprises a plurality of processors configured for evaluating in parallel the nodes
of the at least a first batch.
[0016] According to a specific characteristic, the at least a processor is further configured for assigning the nodes to
at least a cluster according to a third information associated with each node, the third information being representative
of a dependency counter according to the dependencies between the nodes, one first batch and one second batch being
associated with each cluster.
[0017] Advantageously, the at least a processor is configured for:

- initializing the value of the third information associated with a node with the number of predecessor nodes to said
node in the at least an animation graph,

- for the nodes having a third information value equal to zero, assigning said nodes to a first cluster,
- updating the third information associated with successor nodes of the nodes, in the at least an animation graph, of

the first cluster by decrementing by one the third information value,
- for the nodes having an updated third information value equal to zero, assigning said nodes to a new cluster,
- reiterating the steps of updating and assigning to the new cluster until all nodes have been assigned to a cluster.

[0018] According to another characteristic, the at least a processor is a multi-core processor.
[0019] Advantageously, the at least a processor is further configured for rendering the computer-animated scene by
executing the events associated with the classified nodes.
[0020] The invention also relates to a computer program product, which comprises instructions of program code for
executing steps of the processing method, when said program is executed on a computer.

4. List of figures

[0021] The invention will be better understood, and other specific features and advantages will emerge upon reading
the following description, the description making reference to the annexed drawings wherein:

- figure 1 diagrammatically shows an animation graph representative of a scene to be computer-animated, according
to a particular embodiment of the invention,

- figure 2 diagrammatically shows animation contexts associated with the animation graph of figure 1, according to
a particular embodiment of the invention,

- figures 3 illustrates a method for processing a computer-animated scene represented via the animation contexts of
figure 2, according to a particular embodiment of the invention,
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- figures 4A and 4B illustrate two particular embodiments of a method for processing a computer-animated scene
represented via the animation contexts of figure 2, according to two particular embodiments of the invention,

- figure 5 diagrammatically shows the cascading of events from some nodes to another node of one of the animation
contexts of figure 2, according to a particular embodiment of the invention,

- figures 6a to 6b diagrammatically shows the processing of a loop in an animation context of figure 2, according to
a particular embodiment of the invention,

- figure 7 diagrammatically shows a device implementing a method for processing a computer-animated scene rep-
resented via the animation contexts of figure 2, according to a particular implementation of the invention.

5. Detailed description of embodiments of the invention.

[0022] Generally but not restrictively, the invention relates to a method for processing a computer-animated scene,
the scene being animated image after image of a sequence of images. The scene corresponds for example to a virtual
scene developed for games, for an animation movie, or to a graphical user interface or to a web portal. The scene
advantageously comprises one or more graphical objects, which are animated in space and over time in a predetermined
manner or according to commands input by a user who interacts with the scene. The scene is advantageously describes
with one or more animation graphs (one animation graph for simple animation of the scene and several animations
graphs for complex animation of a scene and/or for a complex scene) by using VRML (Virtual Reality Markup Language)
language for example, each animation graph comprising nodes connected by pairs with paths, the paths representing
the dependencies between the nodes. One or more event(s) are associated with each node of the animation graph(s),
these events being evaluated/executed at runtime for animating the scene. The processing method comprises advan-
tageously the classifying of the nodes of each animation graph into first batch(es) and second batch(es), the first batch(es)
comprising the nodes which are evaluable in parallel, by using different threads of one or more multi-core processor(s)
and/or of several mono-core processors, the second batch(es) comprising the nodes that cannot be evaluated in parallel
and that have to be evaluated in a time-sequential manner. The classifying of the nodes before the evaluation enables
to parallelize at least a part of the tasks/events to be run for animating the scene instead of rejecting the parallelizing
process as a whole when an animation graph comprises one or more nodes that cannot be evaluated in a parallel manner.
[0023] Figure 1 diagrammatically shows an animation graph 1 (also called scene graph) used for representing the
animation of a scene, according to a particular and non-restrictive embodiment of the invention. The animation graph 1
comprises a plurality of nodes represented by black points. The number of nodes can be any integer and is comprised
between a couple a points and tens of thousands points. The animation graph 1 is advantageously a dependency graph
(i.e. a directed graph) representing the dependencies between the nodes. A dependency between two nodes is repre-
sented with an arrow, which correspond to a path between the two nodes. The animation graph 1 comprises three event
cascades, each event cascade being comprises several nodes. The first event cascade only comprises two nodes
referenced 1 and 2, these two nodes being connected by the arrow 101 in long dash dot. The dependency between the
two nodes 1 and 2 enables to derive an evaluation order between these two nodes along the first event cascade, meaning
that node 1 has to be evaluated before node 2. The second event cascade comprises 6 nodes, i.e. nodes referenced
3, 4, 5, 6, 7 and 8, the node 5 being the node 2 of the first cascade. An evaluation order along the second event cascade
is associated with each node of the second event cascade and corresponds to the references given to these nodes.
The nodes 3 to 8 are connected with each other via the directed paths represented by the arrows 111, 112, 113, 114,
115 and 116. The third event cascade comprises 7 nodes, i.e. nodes referenced 9 to 15, nodes referenced 12 and 15
being shared with the second event cascade and corresponding respectfully to nodes 7 and 8 of the second event
cascade. An evaluation order along the third event cascade is associated with each node of the second event cascade
and corresponds to the references given to these nodes. The nodes 9 to 15 are connected with each other via the
directed paths represented by the arrows 121, 122, 123, 124, 125, 126. One or more events are associated to the nodes
of the animation graph 1. One or more input fields and one or more output fields are associated with each node of the
scene graph 1. Event(s) associated with the nodes are advantageously of different types. For example, a first event type
corresponds to an event, the evaluation/execution of which having an effect only on the node with which it is associated
(the effect on the node corresponding for example to a change in the output field(s) associated with the node). An event
of the first type is for example a change of position (vector x, y, z) that changes the position in space of an object via
the translation field of a node ’Transform’, according to VRML language. A second event type corresponds for example
to an event, the evaluation/execution of which having an effect on one or more other nodes (i.e. node(s) different from
the node with which the second type event is associated), i.e. having an effect on input field(s) associated with the one
or more other nodes. An example of an event of the second type is the use of a node ’PositionInterpolator’ (VRML
language): a time fraction event (decimal value comprised between 0 and 1 corresponding to the animation fraction
being run) is sent to the node ’PositionInterpolator’ that calculates a new position in space (3D vector); this new position
is a new event that is sent to the translation field of a node ’Transform’ (VRML language) for modifying the position of
an object. A third event type corresponds for example to an event, the evaluation/execution of which having an effect
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on the scene graph itself, i.e. generating a change in the graph at runtime, such as for example deletion of a path or of
a node and/or an addition of a node. An event of the third type is illustrated in association with the node 6, the event
associated with the node 6 (illustrated by the arrow 114) having as effect the deletion of the path 116, a time fraction
event being sent to the Script. The Script then decides to add or delete a path according to the value of the time fraction
and/*or according to a random variable. A first information representative of the type of an event associated with a node
is advantageously associated with each node of the animation graph 1. According to an advantageous variant, a second
information representative of the type of node is associated with each node of the animation graph 1. A first example of
type node is "prototype node", which corresponds to a node with which is associated a sub-graph, the sub-graph
comprising nodes connected with paths, as the animation graph 1. Nodes of a sub-graph may be of different types. A
second example of type node is "script node", which corresponds to a node with a script associated to it, which means
that the event(s) comprised in the script may be adapted and personalized by using programming language(s) such as
JavaScript for example. A third example of type node is "sensor node", which corresponds to a node having interaction-
driven event(s) associated with it, i.e. event(s) triggered for example by a user command or by a sensor activation
(detection of a predetermined value by a sensor for example). A fourth example of type node is "inline node" or "inline
file node", which corresponds to a node which may be considered to a pointer to another graph or sub-graph, which
comprises nodes of any type connected with paths, events of any type being associated with the nodes. Such an "inline
node" enables for example to reuse a graph already generated for animating a specific object or part of an object of the
scene. A fifth example of type node is "standard node", which corresponds to any node, whose type is different from the
ones of the first to fourth example previously described. A second information representative of the type of a node is
advantageously associated with each node of the animation graph 1.
[0024] Figure 2 illustrates different animations contexts associated with at least a part of the scene graph 1, according
to a particular and non-restrictive embodiment of the invention. Figure 2 illustrated six animation contexts C1 21, C2 22,
C3 23, C4 24, C5 25 and C6 26, the combination of these six animation contexts C1 to C6 forming the scene graph. An
animation graph is associated with each animation context, an animation graph corresponding to a graph for animating
a scene or a part of a scene (for example a graphical object of the scene). In the rest of the description, the expressions
"animation context" and "animation graph" will be considered as being equivalent and as referring to a same notion, i.
e. a graph comprising nodes of any types connected with paths, event(s) of any types being associated with the nodes
of each animation graph.
[0025] The animation graph associated with the animation context C1 21 comprises a plurality of nodes 211, 212, 213
with dependencies illustrated with arrows between them. The animation graph 21 as illustrated on Figure 2 corresponds
for example to a part of the animation graph 1 of Figure 1. The node 211 is for example a standard node, the node 212
a prototype node and the node 213 a script node or a sensor node. The node 212 being a prototype node, an animation
graph (or sub-graph in the sense that is associated/related with another graph 21 which may be considered as a main
graph) is associated with it, this animation sub-graph corresponding to the animation context C2 22. A change in the
input fields of the node 212 (for example triggered by an event associated with the node 211, which corresponds to the
predecessor node of node 212 in the animation graph 21) triggers a change in the input field(s) associated with the node
221 of the animation graph 22 which is in direct dependency from the node 212. Following the dependencies between
the i (i being an integer) nodes 221 to 22i, an event associated with the ith node 22i then triggers at least a change in
the output fields of the node 212, which generates an event having an effect on the node 213 of the animation graph
21, node 212 being the predecessor node of the node 213 in the animation graph 21.
[0026] The animation graph 21 also comprises a first inline node pointing to the animation context C3 23, the animation
context C3 23 being associated with the animation context C1 21 through the inline file mechanism. The animation graph
23 is independent from the animation graph 21 and may be processed as an adjacent animation graph. The inline file
mechanism introduces a hierarchy between the different animation graphs 21 and 23 and enables to re-use an already-
created graph (for example the animation graph 23), the combination of the animation graphs 21 and 23 forming a
complex animation scheme. The animation graph 23 comprises a plurality of nodes 251, 252, 253 and 254, the nodes
251, 252 and 254 being for example sensor nodes and the node 253 being a prototype node. Events associated with
the nodes 251 and 252 triggers change(s) in the input field(s) of the prototype node 253. An animation context C5 25 is
associated with the prototype node, the associated animation 25 graph being hierarchically associated with the animation
graph 23. The animation graph (or sub-graph) comprises a plurality of nodes connected with directed paths, the last
node of the animation graph 25 circling back the prototype node 253 of the animation graph 23. The nodes of the
animation graph 25 may be of any type, events associating with the nodes may also be of any type.
[0027] The animation graph 21 further comprises a second inline node pointing to the animation context C6 26, the
animation context C6 26 being associated with the animation context C1 21 through the inline file mechanism, a hierarchical
relationship being then established between the animation graphs 21 and 26. The animation graph 26 itself comprises
nodes and paths, as any animation graph previously described.
[0028] The animation graph 22 comprises an inline node pointing to the animation context C4 24, the animation context
C4 24 being associated with the animation context C2 22 through the inline file mechanism, a hierarchical relationship



EP 2 779 100 A1

6

5

10

15

20

25

30

35

40

45

50

55

being then established between the animation graphs 22 and 24. The animation graph 24 itself comprises nodes and
paths, as any animation graph previously described.
[0029] The combination of the six animation graphs 21 to 26 advantageously forms a scene graph 2 describing a
whole scene, each of the animation graphs enabling to describe a part of the scene in order to animate this part of the
scene. Naturally, the number of animation graph is not limited to six but extends to any number greater than or equal to 1.
[0030] Figure 3 illustrates a method for processing a computer-animated scene represented via one or more animation
contexts, for example based on the animation contexts 21 to 26, according to a first advantageous non-restrictive
embodiment of the invention. Each of the animation graphs associated with the animation contexts 21 to 26 is processed
on a thread of a processor, for example on the main thread of a multi-core processor.
[0031] At a first step 30, the parameters of the multi-core processor are initialized.
[0032] In a second step 300, a scheduler, for example a centralized scheduler associated with the main thread of the
multi-core processor, selects an animation graph in a list comprising the animations graphs to be processed. Before
selecting an animation graph, the scheduler checks if the first animation graph of the list has already been processed,
for example by checking the value of a flag. If the value of the flag indicates that the first animation graph has already
been processed, the scheduler checks the flag of the second animation graph in the list in step 301 and so on, until
reaching the end of the list. If the flag of the first animation graph in the list has a value indicating that it has not been
processed, this first animation graph is selected for being processed.
[0033] In a third step 301, nodes of the selected animation graph, for example the first animation graph 21, are classified
in a first batch (a batch corresponding to a group of nodes) and in a second batch. The first batch comprises the nodes
that will be evaluated in parallel during an evaluation step and the second batch comprises the nodes that will be evaluated
sequentially during the evaluation step. The classification of a node of the first animation graph is based on the type of
the event(s) associated with the node, i.e. the classification of the nodes in the first and second batches is done according
to first information representative of the type of each event associated with each node. The classifying step enables to
prepare the parallelization of the evaluation of the nodes for only the nodes which may be evaluated in parallel. Then,
even if the first animation graph comprises one or more nodes which cannot be evaluated in parallel, it is possible to
evaluate in parallel the part of the nodes that can be evaluated in parallel instead of rejecting the parallelization because
of single nodes not adapted for the parallelization. The nodes whose evaluation may be performed in parallel advanta-
geously corresponds to the node whose associated events are all of the first type, i.e. a node is classified in the first
batch if each and every event associated with it is of the first type, which means that each and every event associated
with it has no effect on any other node of the animation graph and has no effect on the graph animation itself. The nodes
whose evaluation may not be performed in parallel but has to be performed sequentially are the nodes having at least
an associated event of the second or third type, i.e. at least an event having an effect on at least another node of the
animation graph or an effect on the animation graph itself.
[0034] According to a variant, the first information takes advantageously two values, a first value being representative
of an event associated with a node having no effect on the evaluation of another node, a second value being representative
of an event having an effect on the evaluation of at least another node, nodes with an associated first information taking
the first value being classified into first batch(es) and nodes with an associated first information taking the second value
being classified into the second batch(es).
[0035] According to another variant, a second information representative of the node type is associated with each
node of the animation graph(s). The nodes of the prototype node type are advantageously classified in a third batch,
which means that the prototype nodes are classified into the first batch or the second batch on one hand (depending
from the type of event associated with these prototype nodes) and into the third batch on the other hand. For each
animation graph, the node(s) of the prototype type are first identified according to the second information representative
of node type associated with them. The node(s) of the prototype type is (are) then classified in the third batches and the
nodes of each animation sub-graph associated with each of the prototype node(s) are also classified into the first and
second batches in a same way as previously described with regard to step 301.
[0036] Once all the nodes of the first animation graph have been classified, the value of the flag indicating whether
an animation graph has been processed is changed as to indicate that the animation graph has been processed. Then
steps 300 and 301 are performed for the next animation graph of the list which has not been processed yet until each
and every animation graph of the list has been processed.
[0037] Advantageously, the classification is done once per animation graph by a static scheduler. Nevertheless, if an
animation graph is modified at runtime (for example during the evaluation of a node having an effect on the animation
graph, such as the adding of nodes and/or paths, or the deletion of path(s) and/or node(s)), the classification is repeated
at the next frame for this modified animation graph.
[0038] In an advantageous way, there is one first batch and one second batch associated with each animation graph.
[0039] Figure 4A illustrates a method for processing a computer-animated scene represented via one or more ani-
mation contexts, for example based on the animation contexts 21 to 26, according to a second specific and non-restrictive
embodiment of the invention.
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[0040] Steps 300 and 301 are identical to the steps 300 and 301 described with regard to figure3.
[0041] Step 31 illustrates the evaluation of nodes of an animation graph to be processed, for example the first animation
graph 21, belonging to the first batch, these nodes corresponding to the nodes whose evaluations are parallelizable.
Step 31 deals with the distribution of the nodes belonging to the first batch, also called parallel batch, among the available
processing units for fast parallel evaluation of the nodes. A processing unit correspond to a thread associated with a
core of a multi-core processor or to a thread associated with a processor in a multi-processor system. The number of
thread corresponds to the number of available processing units to avoid thread concurrency.
[0042] According to a first option (called static strategy), a number of sub-batches is created (sub-step 311), the number
of sub-batches created corresponding to the number of available processing units. Node(s) is (are) then allocated to
each created sub-batch during a sub-batch allocation step 312. Each sub-batch comprises approximately the same
number of nodes and is assigned to a thread. This static strategy requires less thread synchronization but may lead to
unbalanced evaluation time for each thread.
[0043] According to a second option (called dynamic strategy), a node is allocated to each thread (i.e. a sub-batch
contains a single node). Each thread evaluates the node and, once finished, takes another node until all the nodes have
been evaluated, which is checked at 313. This strategy requires more thread synchronization but provides balanced
evaluation time for each thread.
[0044] Step 32 illustrates the evaluation of the nodes comprised in the second batch, i.e. the nodes that cannot be
evaluated in a parallel way and that are to be evaluated sequentially. The nodes of the second batch are thus evaluated
one after each other.
[0045] Once all nodes of the current animation graph classified into the first and second batches have been evaluated,
the steps 31 and 32 are reiterated for the nodes of the following animation graph until all nodes of all animation graphs
have been processed, the steps 300 and 301 being reiterated only if the animation graph has been modified at runtime
for the current frame.
[0046] Figure 4B illustrates a method for processing a computer-animated scene represented via one or more ani-
mation contexts, for example based on the animation contexts 21 to 26, according to a second specific and non-restrictive
embodiment of the invention.
[0047] In a first step 41, which corresponds to a task/event partitioning step, clusters of nodes to be evaluated are
defined from an animation graph 40 (the animation graph 40 corresponding to any animation graph 21 to 26 of figure
2), the generated nodes clusters forming an event flow vector 42. An event flow vector 42 is generated for each animation
graph 21 to 26. The ordering module performing step 41 aims at generating clusters of nodes to be evaluated in a specific
order to meet the event evaluation dependencies as described in the animation graph. With each cluster (or element)
of the five clusters of the event flow 42 (noted 1st, 2nd, 3rd, 4th and 5th on figure 4B) is associated a first batch and a
second batch used during the classification step.
[0048] The event flow vector associated with an animation graph is generated cluster after cluster based on the node
dependencies of the associated animation graph.
[0049] Firstly, a dependency counter is associated with each node of the animation graph as to assign the nodes to
cluster(s) according to a third information representative of the dependency counter associated with the nodes, the
dependency counter and consequently the third information being determined according to the dependencies existing
between the nodes in the animation graph. The dependency counter is advantageously first initialized to the number of
direct predecessors related to that node. Then, all the nodes having no predecessor (i.e. a null dependency counter)
are placed in the first cluster (i = 0) of the event flow vector. These nodes have no dependency and are ready to be
evaluated. Each insertion of a node in a cluster of the event flow vector decrements the dependency counter of all its
direct successors. For example, the insertion of the nodes in the first cluster decrements by one the dependency counter
associated with the direct successors of the nodes assigned to the first cluster. All nodes having an updated dependency
counter equal to zero are then assigned to a second cluster and the dependency counters of their direct successor in
the animation graph are each decrements by one. The new nodes having then an updated dependency counter equal
to zero are assigned to a third cluster and so on. To sum up, a cluster i (i ≥ 1) of the event flow vector is created based
on the following equation 1:

For all n belonging to V / rank(n) = i - 1, 

Where n and n’ are nodes of the animation graph, V is the event flow vector, rank(n) is the cluster of the event flow
vector which contains the node n, Succ(n) is the set containing all the direct successors of node n in the animation
graph and c is the node dependency counter.
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[0050] The evaluation of some nodes (such as Script nodes) may cause non-deterministic side effects (addition/de-
struction of nodes/paths) on the animation graph itself at runtime. These nodes can be recognized through a flag or
through the type of the event. The evaluation of these nodes requires synchronization to update the animation graph
and hence cannot be performed in parallel to the other node evaluations. Therefore, each cluster of the event flow vector
contains two node batches: a sequential batch (called second batch) for these specific nodes and a parallel batch (called
first batch) for all the other nodes.
[0051] At runtime, by iterating each cluster of the event flow vector starting from its first cluster, all the nodes belonging
to the first batch of the current vector element may be evaluated in parallel without any synchronization as all their
dependencies have been solved and no resulting side effect on the animation graph itself is generated.
[0052] As illustrated on Figure 6(a), an event could be generated twice within a same animation graph in the case of
a loop, i.e. a node (referenced 2 on figure 6(a)) could be associated to two clusters of the event flow vector in the case
of a loop 61. Indeed, in the example of Figure 6(a), node 2 has two predecessors 1 and 4, one of them (node 4) being
in dependency from node 2 via the node 3. When generating (as illustrated on Figure 6(b)) the event flow vector
associated with the example of figure 6(a) as described with regard with equation 1, the i -1 cluster 61 of the event flow
vector is empty when a loop exists between the nodes to be inserted in the i cluster due to the condition of a null
dependency counter. Therefore, all the successor nodes which have been visited but not inserted in the event flow vector
due to the null dependency counter condition are tagged (for example with a tag "isVisited" taking the value TRUE).
Then, once a loop is detected (empty i -1 vector cluster of the event flow vector), it is broken by forcing the addition 63
of a tagged node to this empty i -1 vector cluster, as illustrated on Figure 6(c).
[0053] In order to manage efficiently non-deterministic side effects on the animation graph itself during the nodes
evaluation, a centralized dynamic scheduler 43 running on the main thread is implemented for running steps 431 to 436.
At runtime, the dynamic scheduler 43 iterates each cluster of the event flow vector associated with the current animation
graph to be processed, starting from its first cluster to ensure that the event dependencies are met. The dynamic scheduler
43 performs the first batch (parallel batch) evaluation 432 and the second batch (sequential batch) evaluation 433, step
432 corresponding to the step 31 previously described with regard to figure 4A. Steps 430 and 431 correspond respectively
to steps 300 and 301 previously described with regard to Figure 3. The last step 434, 435 and 436 corresponds to an
event cascading to the next cluster of the event flow vector, as it will be described below.
[0054] Steps 430 and 431 corresponding to steps 300 and 301 are not described in detail in this section. The result
of these steps is a first batch and a second batch of nodes for the currently processed cluster of the event flow vector
associated with the animation graph currently processed.
[0055] During step 432, the nodes belonging to the first batch are distributed among the available processing units
for fast parallel evaluation. These nodes, which generally correspond to the majority of the nodes of the current event
flow vector cluster, may be evaluated independently (i.e. without any synchronization) leading to a significant speedup
with respect to a sequential node evaluation. Two options may be considered for the node distribution among the available
processing units. A custom Pthread-based approach where a static thread pool is created and an OpenMP-based
approach using a for loop which iterates on each node of the first batch. The number of threads corresponds to the
number of available processing units to avoid thread concurrency. A static strategy creates a number of sub-batches
corresponding to the number of available processing units. Each sub-batch contains approximately the same number
of nodes and is assigned to a thread. This strategy requires less thread synchronization but can lead to unbalanced
evaluation time for each thread. A dynamic strategy initially allocates a node to each thread (i.e. a sub-batch contains
a single node). Each thread evaluates the node and, once finished, takes another node until all the nodes have been
evaluated. This strategy requires more thread synchronization but provides balanced evaluation time for each thread.
[0056] During step 433, the evaluation of the nodes which may cause non-deterministic side effects on the animation
graph itself is performed. These side effects include the destruction or addition of node or event path. In order to stop
the node evaluation process as soon as a side effect has been detected (434, output Yes), each node of the second
batch (sequential batch) is successively evaluated by the main thread. Once stopped, a new event flow vector is requested
(436) to the static scheduler 41 at the next animation frame. If no side effect has been detected (output No), the next
cluster of the event flow vector is considered, i.e. the i+1th cluster considering that the currently processed cluster
corresponds to the ith cluster. The evaluation of the nodes belonging to the first batch (parallel batch) and to the second
batch (sequential batch) of the current event flow vector cluster may generate new events (e.g. a change in the output
fields associated with the nodes of the ith cluster).
[0057] In step 435, and as illustrated on Figure 5, these new events are cascaded to the input fields of the nodes
belonging to the next cluster (i+1th cluster) of the event flow vector. For example, considering that the ith cluster comprises
two nodes 51 and 52, node 51 having three input fields 511, 512 and 513 and one output field, node 52 having two input
fields 521 and 522 and two output fields 523 and 524. The (i+1)th cluster comprises one node 53, the node 53 having
two input fields 531 and 532 and three output fields 533, 534 and 535. According to the animation graph associated with
the event flow vector 5, node 53 is in dependency from its successor nodes 51 and 52. According to the animation graph,
a change in the output field 514 of node 51 triggers an event having an effect on the input field 531 of node 53 and a
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change in the output field 524 of node 52 triggers an event having an effect on the input field 532 of node 53. In the case
of a parallel event cascading, time-consuming synchronization steps are required before accessing to the input fields
of nodes belonging to several cascades. Moreover, this cascading step requires sequential read and write memory
accesses for each event value. Therefore the event cascading step is performed sequentially as no significant parallelism
gain can be obtained.
[0058] Once all nodes of a cluster i of an event flow vector have been classified and evaluated, nodes of the following
cluster (i + 1) of the event flow vector are classified and evaluated. Once all nodes of an event flow vector have been
processed, next event flow vector associated with another animation graph is processed, cluster after cluster. All event
flow vectors are then processed for a current image and then for the following images of a sequence of images (the
animations graphs being thus all processed for each image of a sequence of images).
[0059] Figure 7 diagrammatically shows a hardware embodiment of a device 7 adapted for the processing of a
computer-animated scene described with one or more animations graphs and for the creation of display signals of one
or several images. The device 7 corresponding for example to a personal computer PC, a laptop or a games console
or any processing device comprising processors or multi-core processor(s).
[0060] The device 7 comprises the following elements, connected to each other by a bus 75 of addresses and data
that also transports a clock signal:

- at least one multi-core microprocessor or several microprocessors 71 (or CPUs),
- a graphics card 72 comprising:

• several Graphical Processor Units (or GPUs) 720,
• a Graphical Random Access Memory (GRAM) 721,

- a non-volatile memory of ROM (Read Only Memory) type 76,
- a Random Access Memory or RAM 77,
- one or several I/O (Input/Output) devices 74 such as for example a keyboard, a mouse, a webcam, and
- a power source 78.

[0061] The device 7 also comprises a display device 73 of display screen type directly connected to the graphics card
72 to display notably the displaying of synthesized images calculated and composed in the graphics card, for example
live. The use of a dedicated bus to connect the display device 73 to the graphics card 72 offers the advantage of having
much greater data transmission bitrates and thus reducing the latency time for the displaying of images composed by
the graphics card. According to a variant, a display device is external to the device 7 and is connected to the device 7
by a cable transmitting the display signals. The device 7, for example the graphics card 72, comprises a means for
transmission or connection (not shown in figure 7) adapted to transmit a display signal to an external display means
such as for example an LCD or plasma screen or a video-projector.
[0062] It is noted that the word "register" used in the description of memories 72, 76 and 77 designates in each of the
memories mentioned, both a memory zone of low capacity (some binary data) as well as a memory zone of large capacity
(enabling a whole program to be stored or all or part of the data representative of data calculated or to be displayed).
[0063] When switched-on, the microprocessor(s) 71 loads and executes the instructions of the program contained in
the RAM 77.
[0064] The random access memory 77 notably comprises:

- in a register 770, the operating program of the microprocessor(s) 71 responsible for switching on the device 7,
- parameters 771 representative of the animation graph(s), i.e. parameters representative of the nodes (for example

input and output fields associated with a node, event(s) associated with a node) and/or parameters representative
of directed paths connecting the pair of nodes,

- first information 772 representative of the type of event associated with the nodes,
- second information 773 representative of the type of node,
- third information 774 representative of dependency counter associated with the nodes,
- parameters 775 representative of the clusters of the event flow vectors associated with the animation graphs.

[0065] The algorithms implementing the steps of the method specific to the invention and described hereafter are
stored in the memory RAM 77 associated with the device 6 implementing these steps. When switched on and once the
parameters 770 representative of the animation graph(s) environment are loaded into the RAM 77, the microprocessor(s)
71 execute the instructions of these algorithms.
[0066] According to a variant, the parallel evaluations of the nodes of the first batch(es) are performed by the GPUs
of the graphical card, once all information and parameters related to the nodes and to the clusters are loaded into the
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GRAM 721 associated with the GPUs. According to another variant, information and parameters related to the nodes
and to the clusters are not loaded into the GRAM 721, the GPUs accessing these data directly on the RAM 77.
[0067] According to another variant, the power supply 78 is external to the device 7.
[0068] Naturally, the invention is not limited to the embodiments previously described.
[0069] In particular, the invention is not limited to a method for processing a computer-animated scene but extends
to a method for classifying the nodes of one or more animation graphs and/or to a method for evaluating the nodes of
one or more animation graphs and/or to a method for animating a scene and/or to a method for rendering image(s) of
the animated scene by executing the events associated with the classified nodes. The invention is also related to any
device configured for implementing these methods.
[0070] The use of the invention is not limited to a live utilisation but also extends to any other utilisation, for example
for processing known as postproduction processing in a recording studio for the animation of a scene or the display of
synthesis images for example. The implementation of the invention in postproduction as well as in real time offers the
advantage of providing an excellent visual display in terms of realism notably while reducing the required calculation
time thanks to the optimization of the parallelization of the tasks/events associated with the nodes of the animation
graph(s).
[0071] The implementations described herein may be implemented in, for example, a method or a process, an appa-
ratus, a software program, a data stream, or a signal. Even if only discussed in the context of a single form of imple-
mentation (for example, discussed only as a method or a device), the implementation of features discussed may also
be implemented in other forms (for example a program). An apparatus may be implemented in, for example, appropriate
hardware, software, and firmware. The methods may be implemented in, for example, an apparatus such as, for example,
a processor, which refers to processing devices in general, including, for example, a computer, a microprocessor, an
integrated circuit, or a programmable logic device. Processors also include communication devices, such as, for example,
computers, cell phones, portable/personal digital assistants ("PDAs"), and other devices that facilitate communication
of information between end-users.
[0072] Implementations of the various processes and features described herein may be embodied in a variety of
different equipment or applications, particularly, for example, equipment or applications associated with data encoding,
data decoding, view generation, texture processing, and other processing of images and related texture information
and/or depth information. Examples of such equipment include an encoder, a decoder, a post-processor processing
output from a decoder, a pre-processor providing input to an encoder, a video coder, a video decoder, a video codec,
a web server, a set-top box, a laptop, a personal computer, a cell phone, a PDA, and other communication devices. As
should be clear, the equipment may be mobile and even installed in a mobile vehicle.
[0073] Additionally, the methods may be implemented by instructions being performed by a processor, and such
instructions (and/or data values produced by an implementation) may be stored on a processor-readable medium such
as, for example, an integrated circuit, a software carrier or other storage device such as, for example, a hard disk, a
compact diskette ("CD"), an optical disc (such as, for example, a DVD, often referred to as a digital versatile disc or a
digital video disc), a random access memory ("RAM"), or a read-only memory ("ROM"). The instructions may form an
application program tangibly embodied on a processor-readable medium. Instructions may be, for example, in hardware,
firmware, software, or a combination. Instructions may be found in, for example, an operating system, a separate appli-
cation, or a combination of the two. A processor may be characterized, therefore, as, for example, both a device configured
to carry out a process and a device that includes a processor-readable medium (such as a storage device) having
instructions for carrying out a process. Further, a processor-readable medium may store, in addition to or in lieu of
instructions, data values produced by an implementation.
[0074] As will be evident to one of skill in the art, implementations may produce a variety of signals formatted to carry
information that may be, for example, stored or transmitted. The information may include, for example, instructions for
performing a method, or data produced by one of the described implementations. For example, a signal may be formatted
to carry as data the rules for writing or reading the syntax of a described embodiment, or to carry as data the actual
syntax-values written by a described embodiment. Such a signal may be formatted, for example, as an electromagnetic
wave (for example, using a radio frequency portion of spectrum) or as a baseband signal. The formatting may include,
for example, encoding a data stream and modulating a carrier with the encoded data stream. The information that the
signal carries may be, for example, analog or digital information. The signal may be transmitted over a variety of different
wired or wireless links, as is known. The signal may be stored on a processor-readable medium.
[0075] A number of implementations have been described. Nevertheless, it will be understood that various modifications
may be made. For example, elements of different implementations may be combined, supplemented, modified, or
removed to produce other implementations. Additionally, one of ordinary skill will understand that other structures and
processes may be substituted for those disclosed and the resulting implementations will perform at least substantially
the same function(s), in at least substantially the same way(s), to achieve at least substantially the same result(s) as
the implementations disclosed. Accordingly, these and other implementations are contemplated by this application.
[0076] The present invention may be used in video game applications for example, whether via programs that can be
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executed in a PC or portable type computer or in specialised game consoles producing and displaying images live. The
present invention may also be used for animating any graphical user interface or web portal, with or without interaction
with a user. The device 7 described with respect to figure 7 is advantageously equipped with interaction means such as
a keyboard and/or joystick, other modes for introduction of commands such as for example vocal recognition being also
possible.

Claims

1. Method for processing a computer-animated scene, the computer-animated scene being represented with at least
an animation graph (21 to 26), the at least an animation graph (21 to 26) comprising a plurality of nodes connected
by paths, the paths being representative of dependencies between the nodes, at least an event being associated
with each node, a first information (772) representative of the type of each event being associated with each node,
characterized in that the method comprises a step of classifying (301) the nodes in at least a first batch and at
least a second batch according to the first information (772) associated with each node, the at least a first batch
comprising nodes to be evaluated in parallel and the at least a second batch comprising nodes to be evaluated
sequentially.

2. Method according to claim 1, wherein the method further comprises the steps of:

- identifying at least a prototype node among the nodes of the at least an animation graph according to a second
information (773) representative of node type associated with each node,
- classifying the at least a prototype node in at least a third batch,
- classifying the plurality of nodes of an animation graph (22, 25) associated with each prototype node (212,
253) in the at least a first batch and at least a second batch according to the at least a first information associated
with each node of said animation graph.

3. Method according to claim 1 or 2, wherein the method further comprises evaluating in parallel (31) the nodes of the
at least a first batch and evaluating sequentially (32) the nodes of the at least a second batch.

4. Method according to any one of claims 1 to 3, wherein the method comprises the step of assigning the nodes to at
least a cluster according to a third information (774) associated with each node, said third information being repre-
sentative of a dependency counter according to the dependencies between the nodes, one first batch and one
second batch being associated with each cluster.

5. Method according to claim 4, wherein the step of assigning the nodes to at least a cluster comprises the steps of:

a) initializing the value of the third information associated with a node with the number of predecessor nodes
to said node in the at least an animation graph,
b) for the nodes having a third information value equal to zero, assigning said nodes to a first cluster,
c) updating the third information associated with successor nodes of the nodes, in the at least an animation
graph, of the first cluster by decrementing by one the third information value,
d) for the nodes having an updated third information value equal to zero, assigning said nodes to a new cluster,
e) reiterating steps c) and d) until all nodes have been assigned to a cluster.

6. Method according to one of claims 1 to 5, wherein the first information takes two values, a first value being repre-
sentative of an event associated with a node having no effect on the evaluation of another node, a second value
being representative of an event having an effect on the evaluation of at least another node, nodes with an associated
first information taking the first value being classified into the at least a first batch and nodes with an associated first
information taking the second value being classified into the at least a second batch.

7. Method according to any one of claims 1 to 6, wherein the method further comprises a step of rendering the computer-
animated scene by executing the events associated with the classified nodes.

8. Device (7) configured for processing a computer-animated scene, the computer-animated scene being represented
with at least an animation graph (21 to 26), the at least an animation graph (21 to 26) comprising a plurality of nodes
connected by paths, the paths being representative of dependencies between the nodes, at least an event being
associated with each node, a first information (772) representative of the type of each event being associated with
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each node,
characterized in that the device comprises at least a processor (71) configured for classifying the nodes in at least
a first batch and at least a second batch according to the first information associated with each node, the at least a
first batch comprising nodes to be evaluated in parallel and the at least a second batch comprising nodes to be
evaluated sequentially.

9. Device according to claim 8, wherein the at least a processor is further configured for:

- identifying at least a prototype node among the nodes of the at least an animation graph according to a second
information representative of node type associated with each node,
- classifying the at least a prototype node in at least a third batch,
- classifying the plurality of nodes of an animation graph associated with each prototype node in the at least a
first batch and at least a second batch according to the at least a first information associated with each node
of said animation graph.

10. Device according to any one of claims 8 and 9, wherein the device comprises a plurality of processors configured
for evaluating in parallel the nodes of the at least a first batch.

11. Device according to any one of claims 8 to 10, wherein the at least a processor is further configured for assigning
the nodes to at least a cluster according to a third information associated with each node, said third information
being representative of a dependency counter according to the dependencies between the nodes, one first batch
and one second batch being associated with each cluster.

12. Device according to claim 11, wherein the at least a processor is further configured for:

a) initializing the value of the third information associated with a node with the number of predecessor nodes
to said node in the at least an animation graph,
b) for the nodes having a third information value equal to zero, assigning said nodes to a first cluster,
c) updating the third information associated with successor nodes of the nodes, in the at least an animation
graph, of the first cluster by decrementing by one the third information value,
d) for the nodes having an updated third information value equal to zero, assigning said nodes to a new cluster,
e) reiterating steps c) and d) until all nodes have been assigned to a cluster.

13. Device according to any one of claims 11 and 12, wherein the at least a processor is a multi-core processor.

14. Device according to any one of claims 8 to 13, wherein the at least a processor is further configured for rendering
the computer-animated scene by executing the events associated with the classified nodes.

15. Computer program product, characterized in that it comprises instructions of program code for executing steps of
the method according to one of claims 1 to 7, when said program is executed on a computer.



EP 2 779 100 A1

13



EP 2 779 100 A1

14



EP 2 779 100 A1

15



EP 2 779 100 A1

16



EP 2 779 100 A1

17



EP 2 779 100 A1

18



EP 2 779 100 A1

19



EP 2 779 100 A1

20

5

10

15

20

25

30

35

40

45

50

55



EP 2 779 100 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 2 779 100 A1

22

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

