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(57) Abstract: The invention relates to a method for estimation of occlusion in a virtual environment comprising at least two objects
and observed from a viewpoint. In order to minimize the required calculation time, the method comprises steps for: estimating a
second item of information representative of the distance separating a second fragment of a second object from said viewpoint ac-
cording to an observation direction, comparing of said second item of information with a first item ot information representative of
the distance separating a first fragment of a first object from said viewpoint according to said observation direction and stored in a
first buffer memory: - if the second item of information is less than the first item of information, the estimation of a third item of'in -
formation representative of attributes associated with the second fragment, storage of the second item of information in a second buf-
fer memory and storage of the third item of information in a third buffer memory, ¢ if the second item of information is greater than
the first item of information, storage of the first item of information in the second buffer memory.
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METHOD FOR ESTIMATION OF OCCLUSION IN A VIRTUAL
ENVIRONMENT

1. Domain of the invention.

The invention relates to the domain of synthesis image
composition and more specifically to the domain of estimation of the
occlusion in a virtual environment. The invention is also understood in the
context of special effects for a live composition.

2. Prior art

According to the prior art, it is known to use the method known as

the z-buffer algorithm in order to manage the problem of visibility in a virtual
environment or 3D scene (that is to say a scene in 3 dimensions). Managing
the visibility of a virtual environment consists in determining which objects or
object parts of the environment are visible from a viewpoint and which
objects or object parts are not visible, only the visible objects or object parts
being displayed: According to this technique, the z-buffer is initialised with for
example the maximal depth of each pixel of the virtual environment. Then,
each object of the virtual environment is displayed, that is to say the
attributes (for example colour) associated with the surface fragments forming
the object are calculated, and the depth associated with each fragment of the
object considered is estlmated then compared to the depth value of the
corresponding pixel in the z-buffer. If the depth associated with the fragment
of the object is less than the depth stored in the z-buffer for the associated
pixel, then the depth associated with the fragment is stored in place of the
initial depth in the z-buffer, and likewise for each pixel of the z-buffer. This
process is reiterated for each object of the virtual environment, the z-buffer
comprising at the end of the process the depths associated with the
fragments of objects of the virtual environment closest to the viewpoint, that
is to say the fragments that are visible from the viewpoint. The attributes of
these visible fragments are then associated with each pixel of the image in
order to render the final display of the image of the virtual environment from
the viewpoint. One of the problerhs of this technique is that it requires the
calculation of attributes of all of the fragments of the surface of each object
while only one part of these fragments is visible from the viewpoint. Only
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some of the calculated attributes actually serves therefore in the final display
of the image representing the virtual environment from the viewpoint.

Some advanced techniques exist for resolution of the visibility in a
virtual 'environment, these techniques seeking to determine which zones of
the virtual environment are visible from another zone, only the objects or
object parts visible in the zone containing the viewpoint being displayed.
These techniques enable the calculations to be reduced but require a prior
processing of the virtual environment, which renders it unsuited to dynamic
environments requiring the live resolution of visibility problems.

With the emergence of interactive simulation games and
applications, notably in three dimensions (3D), the need is being felt for live
simulation methods offering an estimation of the visibility, that is to say a high
quality and realistic, rapid occlusion estimation.

3. Summary of the invention

The purpose of the invention is to overcome at least one of these
disadvantages of the prior art.

More specifically, the purpose of the invention is notably to
optimize the calculation time and/or the calculation power required to
estimate live the occlusion in a virtual environment to produce a realistic
display.

The invention relates to a method for estimation of the occlusion in
a virtual environment comprising at least two objects, the virtual environment
being observed from a viewpoint, the method comprising steps for:

- estimating a second item of information representative of the distance
separating a second fragment of a second object from the viewpoint
according to an observation direction, ,

- comparing the second item of information with a first item of information
representative of the distance separating a first fragment of a first object
from the viewpoint according to said observation direction and stored’in a
first buffer memory:

e estimation of a third item of information representative of attributes
associated with the second fragment if and only if the second item
of information is less than the first item of infdrmation, storage of
the second item of information in a second buffer memory and
storage of the third item of information in a third buffer memory,
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o if the second item of information is greater than the first item of
information, storage of the first item of information in the second
buffer memory.

the first buffer memory (21, 61) and the second buffer memory (22, 62)

being used alternately in a way to be able to read access in one of the

first and second buffer memories while having write access in the
other first and second buffer memories.

According to a particular characteristic, the first, second and third
buffer memories are graphic processor display buffer memory type
memories.

Advantageously, the item of information having the smallest value
among the first item of information and the second item of information is
stored in a fourth buffer memory.

According to a specific characteristic, the third item of information
is stored temporarily in the second buffer memory before being copied into
the third buffer memory.

Advantageously, the third item of information is stored temporarily
in the second buffer memory before being copied into the third buffer
memory.

According to a particular characteristic, when the second item of

‘information is greater than the first item of information, a fourth item of

information representative of attributes associated with the first fragment is
stored in the third buffer memory.

According to another characteristic, the fourth item of information
is stored temporarily in the first buffer memory before being copied into the
third buffer memory.

Advantageously, the steps of estimation, of comparison and of
storage are reiterated for each second fragment of the second object.

According to a specific characteristic, the method comprises a
step of classification of at least two objects of the virtual environment
according to their respective distances to the viewpoint closest to the
viewpoint to the viewpoint farthest from the viewpoint, the first object being
closer to the viewpoint than the second object.

According to another characteristic, the method comprises a step
of initialization of the first buffer memory with information representative of
the distance separating each fragment of the first object from the viewpoint.
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The invention also relates to a module for generation of an image
representative of a virtual environment comprising at least two objects, the
virtual environment being observed from a viewpoint, the module comprising:
- estimation means for estimating a second item of information

representative of the distance separating a second fragment of a second
object from the viewpoint according to an observation direction,

- comparison means for comparing the second item of information with a
first item of information representative of the distance separating a first
fragment of a first object from the viewpoint according to the observation
direction and stored in a first buffer memory:

e a third item of information representative of aftributes associated
with the second fragment being estimated if and only if the second
item of information is less than the first item of information, the
second item of information being stored in a second buffer
memory and the third item of information being stored in a third
buffer memory,

e the first item of information being stored in the second buffer
memory if the second item of information is greater than the first
item of information,

the first buffer memory and the second buffer memory being used

alternately in a way to be able to read access in one of the first and

second buffer memories while having write access in the other first
and second buffer memories. ' |

Advantageously, the second and third buffer memories are graphic
processor display buffer memory type memories.

According to a particular characteristic, the module comprises a
fourth buffer memory to store the item of information having the smallest
value from among the first item of information and the second item of
information.

The invention also relates to a graphical processor comprising
such a module.

4. List of figures

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:
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- figure 1 diagrammatically shows a virtual environment as seen from a
viewpoint, according to a particular embodiment of the invention,

- figure 2 shows an arrangement of buffer memories for the display of the
virtual environment of figure 1, according to a particular embodiment of
the invention, _

- figures 3, 4 and 5 diagrammatically show the management of buffer
memories of figure 2 for the display of objects of the virtual environment
of figure 1, according to a particular embodiment of the invention,

- figure 6 diagrammatically shows an arrangement of buffer memories for
the display of the virtual environment of figure 1, according to another
particular embodiment of the invention,

- figure 7 shows a device implementing a method for estimation of the
occlusion in the virtual environment of figure 1, according to a particular
implementation of the invention,

- figures 8 and 9 show a method for estimation of the occlusion in the
vitual environment of figure 1, according to two particular
implementations of the invention.

5. Detailed description of embodiments of the invention.

Figure 1 shows a virtual environment or a virtual scene (also
called a 3D scene) 1 as seen from a viewpoint 10, for example a spectator of
the virtual environment 1. The virtual environment 1 comprises several virtual
objects 11, 12, 13 and 14, modelled according to any method known to those
skilled in the art, for example by polygonal modelling, in which the model is
assimilated with a set of polygons each defined by the list of summits and
edges that compose it, by NURBS (Non uniform rational basic spline) type
curve modelling in which the model is defined by a set of curves created via
control vertices, by modelling by subdivision of surfaces. By virtual object is
understood any virtual representation (obtained by modelling) of an object
(real or fictitious) composing a real environment (for example the ground, a
house or a house front, a car, a tree, that is to say any element composing
an environment such as a part of a house, a street, a town, the countryside,
etc.) or an imaginary element. Each object 11, 12, 13 and 14 of the virtual
environment is characterized by a surface covering it, the surface of each
object having reflectance properties (corresponding to the proportion of
incident light reflected by the surface in one or several directions) that are
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specific to it. Advantageously, the reflectance of the surface of an object

varies according to the zone of the object reflecting the light (a zone of the
surface comprising one or several points of the surface) that is to say that the
reflectance of the surface of an object is not constant. According to a variant,
the reflectance of the surface of an object is constant at any point of the
surface of the object. According to the example of figure 1, le spectator 10
looks at the point P1 110 of the surface of the object 11 according to an
observation direction 100, the point P1 110 corresponding to the intersection
between the observation direction 100 and the first object of the virtual
environment 1 encountered via this observation direction having as an origin
the viewpoint 10, namely. the object 11. The part of the virtual environment 1
seen from the viewpoint 10 is represented by a viewing cone 101, the
viewing cone being composed of a very great number of viewing directions
including the viewing direction 100 and the viewing direction 102. The point
P3 121 belonging to the surface of the object 12 corresponds to the first
intersection between the viewing direction 102 and the first object
encountered of the virtual environment 1 by this viewing direction 102,
namely the object 12. By extending the observation direction 100, an
intersection between this viewing direction and a second virtual object 12 is
obtained, the intersection point being represented by the point P2 120. The
distance separating the viewpoint 10 from the point P1 110, called depth of
the point P1 with respect to the viewpoint 10, is less than the distance
separating the viewpoint 10 from the point P2 120, called depth of the point
P2 with respect to the viewpoint. The depth of P1 being less than that of P2,
it is the point P1 that is visible via the viewpoint, the point P2 being occluded
by P1. Thus, the attributes of the fragment of the surface of the object 11
associated with the point P1 are used to define the pixel of the image
representing the virtual environment 1 seen via the observation direction 100
from the viewpoint 10. The point P3 121 not being occluded by a point of the
object 11, the point P3 121 is visible from the viewpoint and the attributes of
the fragment of the surface of the object 12 associated with the point P3 are
used to define the pixel of the image representing the virtual environment 1
seen via the observation direction 102 from the viewpoint 10. A fragment
becomes a pixel if the fragment is visible from the viewpoint. A fragment
advantageously corresponds to a surface element associated with a point of
the virtual environment 1 of the size of a pixel of the image that will be
displayed to represent the virtual environment on a display screen.
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Advantageously the fragment is defined by a set of data grouping together

one or several of the following data items:

the rasterization position of the fragment,

the depth of the fragment at the viewpoint,

attributes (for example the colour, the texture coordinates),

the alpha channel representative of the translucent character of the
fragment.

The virtual environment 1 is advantageously lit by a luminous environment

comprising one or several light sources (not shown).

Figure 2 shows an arrangement of buffer memories 21, 22, 23
and 24 for the display of the virtual environment 1, according to a particular
and non-restrictive embodiment of the invention. The buffer memories 21, 22,
and 23 are advantageously of Render buffer type and the buffer memory 24
is advantageously of Z-buffer type. The render buffers and the z-buffer have
the same structure and differ from each other through the data that they can
contain. A z-buffer advantageously comprises information representative of
depth, an item of depth information being associated with each pixel of the z-
buffer. A render buffer advantageously comprises information representative
of attributes associated with the pixels, an item of attributes information being
associated with each pixel of the render buffer. The attributes of a pixel
correspond for example to the component colours (for example RGB for
“Red, Green, Blue”) or to the component colours + transparency (that is to
say RGBa). From four buffers 21 to 24 are defined two Render Targets RT1
201 and RT2 201. The first render target RT1 201 comprises the render
buffer 21, called the first buffer memory, the render buffer 23, called the third
buffer memory, and the z-buffer 24, called the fourth buffer memory. The
second render target RT2 202 comprises the render buffer 22, called the
second buffer memory, the render buffer 23, called the third buffer memory,
and the z-buffer 24, called the fourth buffer memory. The first and second
render targets RT1 and RT2 are used alternately for the display of objects of
the virtual environment. The method enabling the objects composing the
virtual environment to be displayed using render targets will be described in
detail with respect to figures 3 to 5. Advantageously, the first buffer memory
21 and the second buffer memory 22 are used to store items of depth
information associated with the fragments of virtual objects 11 to 14
composing the virtual environment 1 in order to compare them. The third
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buffer memory 23 is used to store items of information representative of
attributes associated with the pixels of the image representing the virtual
environment 1. The fourth buffer memory 24 is used to store depth
information associated with the pixels of the image representing the virtual
environment 1.

The first, second, third and fourth buffer memories 21 to 24 are
advantageously defined logically in the GRAM (Graphical Random Access
Memory) associated with the GPUs (Graphics Processing Units) of a
graphics card.

The first, second, third and fourth buffer memories 21 to 24 are
advantageously of identical size and correspond to two-dimensional matrixes
defined by m columns and n lines. Each buffer memory comprises for
example m x n pixels, m and n being two integers. m and n advantageously
correspond to the definition of the image representing the virtual environment
(for example 1280 x 720 or 1920 x 1080). Each pixel of a buffer is defined by
its column and line indexes, the pixels of same indexes in the four buffers 21
to 24 corresponding to a same pixel of the image.

According to a variant, the number of buffer memories is greater
than 4. According to this variant, the arrangement comprises a single fourth
z-buffer and single third render buffer, the number of buffers of render buffer
type in which are stored item of depth information being greater than 2, for
example the number of objects comprised in the virtual environment.
According to this variant, there are also more than two render targets, the
number of render targets being equal to the number of buffers of the type of
the first and second buffers 21 and 22.

Figures 3 to 5 show the different steps enabling the display of the
virtual environment 1 to be achieved using the buffer memories 21 to 24,
according to a particular non-restrictive embodiment of the invention.

Figure 3 shows the first step of a method enabling the display of
objects, for example the objects 11, 12 and 13 of the virtual environment 1.
During this first step, a first object is displayed, for example the object 11.
The object 11 being the first object displayed of the scene, there is no
occlusion to be taken into account and the totality of the object 11 as seen
from the viewpoint 10 is displayed. To do this, the first render target RT1 201
is used. During the display of the first object 11, the depth of each of the

. fragments of the object 11 seen from the viewpoint 10 according to a viewing
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direction (for example the fragment associated with the point P110 according
to the viewing direction 100) is stored in the first buffer 21. These depth
values (that is to say the first items of information representative of the
distance separating the viewpoint 10 of a first fragment from a first object,
called first items of depth information) are represented by the zone 31 of the
first buffer 21. This zone 31 corresponds to the first object 11 as seen from
the viewpoint 10. The first object 11 corresponding to a sphere, the first zone
31 corresponds to a circle. The depth of each of the fragments of the object
11 is also stored in the fourth buffer 24, the depth values being represented
by the zone 34 that is equivalent to the zone 31. During the display of the first
object 11, the attributes associated with the fragments of the first object 11
seen from the viewpoint are stored in the third buffer. These attribute values
(that is to say third items of information representative of attributes
associated with the first fragments of the first object 11 seen from the
viewpoint 10) are represented by the zone 33 of the third buffer 23. The
zones 31, 34 and 33 each relate to a representation of the first object 11 as
seen from the viewpoint 10, that is to say a circle, in each of the first 21,
fourth 24 and third 23 buffers. During this first step, the second render target
RT2 202 is not used and the first render target RT1 201 corresponds to the
current render target.

Figure 4 shows the second step of the method for displaying
objects 11, 12 and 13 of the virtual environment 1. This second step relates
to the display of the second object 12 of the virtual environment. The second
render target RT2 202 becomes the current render target in the place of the
first render target RT1. For each viewing direction of the viewing cone 101, it
is estimated if there exists an intersection between the second object 12 and
the viewing direction concerned. If this is the case, the distance separating
the viewpoint 10 from the second object 12 is estimated, this distance
corresponding to the depth of the fragment considered of the second object
12, called the second fragment, the depth associated with the second
fragment being called the second item of depth information. For each
fragment of the second object for which the depth is estimated, the depth
value is compared with the depth value stored in the first buffer 21 for the
corresponding fragment (that is to say for the first fragment of the first buffer
having the same indexes m and n as the second fragment considered). Thus,
if the second item of depth information associated with the second fragment
considered is greater than the first item of depth information stored in the first
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buffer 21 for the fragment of the first corresponding buffer 21, then it is the
first item of depth information that is stored in the second buffer 22. This case
corresponds to the case of points P1 110 and P2 120 that correspond to a
same pixel (that is to say they belong to a same viewing direction 100).
According to this case, it is the first item of depth information corresponding
to the depth P1 that is stored in the second buffer 22. If the second item of
depth information associated with the second fragment considered is less
than the first item of depth information stored in the first buffer 21 for the
fragment of the first corresponding buffer 21, then it is the second item of
depth information that is stored in the second buffer 22. This case
corresponds to the case of the point P3 121 that is not occluded by the first
object 11. The item of depth information associated with the fragment
associated with P3 is compared to the item of depth information stored in the
first buffer 21 for the corresponding fragment. No fragment of the first object
being encountered by the viewing direction 102, the item of depth information
stored in the first buffer 21 is for example a default value corresponding for
example to the maximum depth of the virtual environment 1 or to a
predefined value such as the biggest number that can be represented. When
the depth of P3 is compared to this default value, then it is the item of depth
information associated with P3 that is stored in the second buffer. Once all of
the items of depth information associated with the second fragments of the
second object have been compared with the corresponding pixels/fragments
of the first buffer 21, a form representative of the form of the second object
12 (in this case a rectangle) is obtained in the second buffer for which the
first part 42 contains depth values of second fragments (that is to say
fragments of the second object 12 visible from the viewpoint 10) and for
which a second part 41 contains depth values of first fragments (that is to say
fragments of the first object 11 occluding fragments of the second object 12).
The second items of depth information of the first part 42 are carried into the
fourth buffer 24 that provides an overview of the virtual environment 1, that is
to say it comprises depth information of fragments of the first and second
objects closest to the viewpoint in their entirety. Only the attributes of second
fragments visible from the viewpoint 10 (that is to say the second fragments
for which the depth information is stored in the first part 42 of the second
buffer 22) are estimated and stored in the third buffer 23 in the zone 43. The
advantage of only calculating the attributes of second fragments after
comparison of depths of these second fragments with the depths stored in
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the first buffer 21 is that this enables only attributes of second fragments to
be calculated only for visible second fragments, which reduces the number of
calculations required for the display of objects of the virtual environment.

Figure 5 shows the third step of the method for displaying objects
11, 12 and 13 of the virtual environment 1. This third step relates to the
display of the third object 13 of the virtual environment. The first render target
RT1 201 becomes the current render target in the place of the second render
target RT2. In the same way as in the second step, it is estimated if there is
an intersection between the third object 13 and a set of viewing directions
100, 102 comprised in the viewing cone 101. If this is the case, an item of
depth information is estimated and associated with each of the three
fragments. Then, each item of depth information is compared to the depth
information stored in the second buffer 22 for the corresponding fragment
(that is to say for the pixel of the second buffer 22 for which the indexes m
and n correspond to the indexes of the third pixel considered) as well as to
the item of depth information stored in the first buffer for the fragment
considered. Just like for the previous step, the smallest of these depth values
is stored in the first buffer. An impression is obtained in the first buffer having
as a form the form of the third object 13 for which a part comprises the depth
values 31 associated with fragments of the first object 11 (when the first
object 11 occludes both the second object 12 and the third object 13), depth
values 52 associated with the second object (when the second object 12 is
not occluded by the first object 11 but occludes the third object 13) and finally
depth values 51 associated with fragments of the third object 13 (the
fragments of the first object not occluded by the first object 11 or by the
second object 12).

The items of depth information 51 associated with the third
fragments of the third object 13 visible from the viewpoint 10 are copied into
the fourth buffer 24. The fourth buffer 24 comprises the first items of depth
information 34 associated with the first fragments of the first object 11 visible
from the viewpoint 10, the second items of depth information 44 associated
with the second fragments of the second object 12 visible from the viewpoint
10 and the items of depth information associated with the third fragments of
the third object 13 visible from the viewpoint 10. The fourth buffer 24 contains
an image of items of depth information fore the entire virtual environment 1
seen from the viewpoint 10 while the first 21 and second 22 buffers only
contain one view linked to an object and to the associated occlusions, that is
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to say that the first and second buffers comprise an impression of an object
with the associated items of occlusion information (which fragments of the
object are visible and which fragments are occluded).

The third buffer 23 is updated with the information representative
of attributes for the fragments of the third object 13 visible from the viewpoint
10, that is to say for the fragments of the third object for which the items of
depth information 51 are stored in the first buffer. Comparing the depth of
fragments of the third object before estimating the associated attributes offers
the advantage of limiting the calculations required for the display of the image
by only doing the calculations for the visible fragments rather than for all of
the fragments. The use of the fourth buffer 24 offers the advantage of having
a vision consistent with the virtual environment 1 by storing the items of
depth information for all the objects and enables compatibility with the display
methods only using one z-buffer and one render buffer to be assured.

According to a variant, the third object is displayed in a render type
buffer of the same type as the first buffer 21 or the second buffer 22 but
different from the first buffer 21 and the second buffer 22. According to this
variant, the third object is displayed in a third render target (not shown)
formed of the additional buffer of the same type as the first and second
buffers, of the third buffer 23 and the fourth buffer 24. This variant has the
advantage of enabling the display of several objects in parallel. In fact, as it is
not possible to read in a buffer in which the data are being written, it is
possible according to this variant the write the data (for example items of
depth information) simultaneously in two buffers (for example the additional
buffer and the second buffer 22), the comparison of depths being made
between the additional buffer and the buffer in which no writing is ongoing
(the first buffer 21 according to the example). According to this variant, there
are three render targets, the third render target comprising the additional
buffer (of the same type as the first and second buffers 21 and 22), the third
buffer 21 and the fourth buffer 24. According to this variant, the first object is
for example displayed via the first render target. Once the writing is
completed in the first buffer 21, that is to say once the first object 11 has
been displayed, the second object 12 and the third object 13 are displayed
simultaneously via respectively the second render target RT2 and the third
render target. The items of depth information of the second object 12 are
compared to the information contained in the first buffer 21 before writing in
the second buffer 22 and the items of depth information of the third object 13
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are themselves also compared to the items of information contained in the
first buffer 21 before writing in the additional buffer. The third object 13 is thus
not compared to the second object before its display in the additional buffer.
The account taken of occlusions linked to the first object for the display of the
third object will be taken into account during the display in the third buffer by
verifying the occlusions (that is to say the items of depth information) that are
by default always stored in the fourth buffer that correspond to the z-buffer
storing all the items of depth information of each of the objects, only the
smallest items of depth information being stored. Coherency at the level of
occlusions over the entire scene is thus assured. The simultaneous display of
several objects obtained via this variant offers the advantage of further
accelerating processing. According to another variant, there are as many
render targets as there are objects existing in the virtual environment, which
means that there are as many buffers of the type of the first and second
buffers 21 and 22 as there are objects existing in the virtual environment.
According to this variant, the coherency of the display of the virtual
environment, that is to say the account taken of all the occlusions existing in
the virtual environment is assured via the fourth buffer that comprises
coherent items of depth information for all the objects of the virtual
environment.

Figure 6 shows an arrangement of buffer memories 21, 22, 23
and 24 for the display of the virtual environment 1, according to another
particular and non-restrictive embodiment of the invention. The buffer
memories 61, 62, 63 and 64 are similar to the memories 21, 22, 23 and 24
described with respect to figure 2 in the sense that the buffers 61, 62 and 63
are of render buffer type and the buffer 64 is of z-buffer type. The third buffer
63 is similar to the third buffer 23 of figure 2 in the sense that the third buffer
63 is also used to store items of information representative of attributes of
pixels of the image representing the virtual environment 1. The fourth buffer
64 is similar to the fourth buffer 24 of figure 2 in the sense that the fourth

‘buffer 64 is also used to store items of depth information associated with the

pixels of the image representing the virtual environment 1. A difference
between the first and second buffers 61 and 62 and the first and second
buffers 21 and 22 of figure 2 is that the first and second buffers 61 and 62 are
used to store items of information representative of attributes of objects of the
virtual environment, for example RGBaq, the channel alpha a being used to
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store the depth information associated with these fragments. The
arrangement of buffer memories of figure 6 comprises two render targets,
namely a first render target RT1 601 and a second render target RT2 602.
The first render target RT1 comprises the first buffer 61 and the fourth buffer
64. The second render target RT2 comprises the second buffer 62 and the
fourth buffer 64. In a first step, the first render target RT1 is the current target
for example and the first object 11 is displayed. The depth of each of the
fragments of the object 11 viewed from the viewpoint 10 according to a
viewing direction is stored in the first buffer 61 as well as the attributes
associated with these fragments. In a second step, the second render target
RT2 becomes the current target in the place of the first render target RT1.
During this second step, a second object 12 is displayed. To do this, the
depth of each of the fragments of the second object is estimated and
compared to the information stored in the first buffer 61 for the corresponding
fragment (that is to say having the same indexes m and n). If the second item
of depth information associated with the second fragment has a value greater
than that of the first item of information stored in the first buffer 61, then only
the second item of depth information is stored in the second buffer 62, for
example in the alpha channel, without estimating the attributes associated
with the second fragment. However, if the second item of depth information
associated with the second fragment has a value less than that of the first
item of information stored in the first buffer 61, then the second item of depth
information is stored in the second buffer 62 and the attributes associated
with the second fragment are calculated and stored in the second buffer, for
example in the RGB channel, the depth being stored in the associated alpha
channel. These steps are reiterated for all the objects of the virtual
environment alternating the render targets as current target. Then in a final
step, the contents of the first and second buffers 61 and 62 are compared
before the third buffer is updated (the render buffer serving the display of the
image) 63. In order to update the third buffer 63, the items of depth
information contained in the pixels corresponding to each of the first and
second buffers are compared 2 by 2. The information representative of
attributes associated with the fragment having the smallest depth value (pixel
of the first buffer 61 or pixel corresponding to the second buffer 62) is copied
into the third buffer. According to this embodiment, the access to the third
buffer is only done once for a given pixel which enables the requirements in
bandwidth to be limited. According to this embodiment, when the second item



10

15

20

25

30

35

WO 2012/110336 PCT/EP2012/051903

15

of depth information associated with the second fragment (stored in the
second buffer) is less than the first item of depth information associated with
the first fragment (stored in the first buffer), it is the third item.of information
representative of attributes associated with the second fragment that is
copied into the third buffer. Otherwise, when the second item of depth
information associated with the second fragment (stored in the second buffer)
is greater than the first item of depth information associated with the first
fragment (stored in the first buffer), it is the fourth item of information
representative of attributes associated with the first fragment that is copied
into the third buffer. According to this embodiment, the third item of
information and/or the fourth item of information are stored temporarily in
respectively the second buffer 62 and the first buffer 61 before being copied
into the third buffer 63.

Figure 7 diagrammatically shows a hardware embodiment of a
device 7 adapted for the estimation of the occlusion in a virtual environment 1
and of the creation of display signals of one or several images, according to a
particular and non-restrictive embodiment of the invention. The device 7
corresponding for example to a personal computer PC, a laptop or a games
console.

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:

- a microprocessor 71 (or CPU),

a graphics card 72 comprising:
e several Graphical Processor Units (or GPUs) 720,
e a Graphical Random Access Memory (GRAM) 721,

- anon-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

- apower source 78.

The device 7 also comprises a display device 73 of display screen
type directly connected to the graphics card 72 to display notably the display
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
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images composed by the graphics card. According to a variant, a display
device is external to the device 6 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.
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).
When switched-on, the microprocessor 71 loads and executes the
instructions of the program contained in the RAM 77. |
The random access memory 77 notably comprises:
- in a register 770, the operating program of the microprocessor
71 responsible for switching on the device 7,

- parameters 771 representative of the virtual environment 1 (for
example modelling parameters of the virtual environment 1,
lighting parameters of the virtual environment 1).
The algorithms implementing the steps of the method specific to
the invention and described hereafter are stored in the memory GRAM 721 of
the graphics card 72 associated with the device 7 implementing these steps.
When switched on and once the parameters 770 representative of the
environment are loaded into the RAM 77, the graphic processors 720 of the
graphics card 72 load these parameters into the GRAM 721 and execute the
instructions of these algorithms in the form of microprograms of “shader” type
using HLSL (High Level Shader Language) language or GLSL (OpenGL
Shading Language) for example.
The random access memory GRAM 721 notably comprises:
- in a register 7210, the parameters representative of the virtual
environment 1,

- first items of information 7211 representative of the depth of
fragments visible from one or several objects of the virtual
environment 1 visible from a viewpaint 10,

- second items of information 7212 representative of the depth of
fragments visible from one or several objects of the virtual
environment 1 visible from a viewpoint 10,
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- third items of information 7213 representative of attributes of
pixels of the image representative of the virtual environment 1
as seen from the viewpoint 10, and

- fourth items of information 7214 representative of the depth of

pixels of the image representative of the virtual environment 1
as seen from the viewpoint 10.

‘According to a variant, a part of the RAM 77 is assigned by the
CPU 71 for storage of the values 7211 to 7214 if the memory storage space
available in GRAM 721 is insufficient. This variant however causes greater
latency time in the composition of an image comprising a representation of
the environment 1 composed from microprograms contained in the GPUs as
the data must be transmitted from the graphics card to the random access
memory 77 passing by the bus 75 for which the transmission capacities are
generally inferior to those available in the graphics card for transmission of
data from the GPUs to the GRAM and vice-versa.

According to another variant, the power supply 78 is external to
the device 4.

Advantageously, the buffers comprising the first items of
information 7211 and the second items of information 7212 are defined
differently logically.

The allocation of memory space of the GRAM used by the buffer
memories 21 to 24 is implemented via the pilot of the GPU(s) for example via
the intermediary of an AP| (Application Program Interface).

Figure 8 shows a method for estimation of the occlusion in a
virtual environment implemented in a device 7, according to a first non-
restrictive particularly advantageous embodiment of the invention.

During an initialisation step 80, the different parameters of the
device 7 are updated. In particular, the parameters representative of the
virtual environment 1 are initialised in any way.

Then, during a step 81, a second item of information
representative of the distance separating a second fragment 120, 121 from a
first object 12 from a viewpoint 10 according to an observation direction
100,102 is estimated. The distance separating the second fragment from the
viewpoint 10 corresponds to the depth of the second fragment and is
estimated for example by projection of the second object into the camera
space or by estimation of an Euclidean distance.
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Then, during a step 82, the second item of information estimated
during step 81 is compared to a first item of information representative of a
distance separating a first fragment 110 belonging to a first object 11 from
the viewpoint 10 according to the viewing direction 100. This first item of
information is advantageously stored in a first buffer memory 21, 61.

Finally, during a step 83, a second buffer memory 22 is updated
according to the result of the comparison implemented in step 82. If the depth
value corresponding to the second item of information estimated in step 81 is
less than the depth value corresponding to the first item of information, then a
third item of information representative of attributes associated with the
second fragment of the second object 12 for which the second item of depth
information was estimated is determined. The second item of information is
stored in the second buffer memory 22 and the third item of information is
stored in a third buffer memory 23 that advantageously comprises the
attributes of pixels of the image representing the virtual environment 1 as
seen from the viewpoint 10. If the depth value corresponding to the second
item of information estimated in step 81 is greater than the depth value
corresponding to the first item of information, then it is the first item of
information that is stored in the second buffer memory 22, the estimation of
attributes associated with the second fragment not being implemented as the
second fragment is not visible from the viewpoint 10, as it is occluded by a
first fragment of the first object. According to an advantageous variant, the
information having the smallest value from among the first item of information
and the second item of information is recorded in a fourth buffer memory,
advantageously of z-buffer type.

Advantageously, the first buffer memory 21, the second buffer
memory 22 and the third buffer memory 23 are of render buffer type.

The steps 81, 82 and 83 are .advantageously reiterated for each
second fragment of the second object 12, that is to say according to several
viewing directions. The steps 81, 82 and 83 are advantageously reiterated
until all the objects of the virtual environment 1 have been taken into account.
According to a variant, the steps 81, 82 and 83 are reiterated when the
viewpoint changes.

Figure 9 shows a method for estimation of the occlusion in a
virtual environment 1 implemented in a device 7, according to a second non-
restrictive embodiment of the invention.
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During an initialisation step 90, the different parameters of the
device 7 are updated. In particular, the parameters representative of the
virtual environment 1 are initialised in any way.

Then, during a step 91, the objects 11 to 14 of the virtual
environment are classed according to their respective distance from the
viewpoint, from the closest to the viewpoint to the furthest from the viewpoint.

Then, during a step 92, the first buffer memory 21, 61 is initialised
with items of information representative of the distance separating each first
fragment from the first object 11, the first object being the object classed as
being closest to the viewpoint. According to a variant, the classing step is
optional and the first buffer memory is initialised with the items of depth
information of an object selected randomly from among the objects
composing the virtual environment. For the fragments of the first buffer
memory to which there is no corresponding first fragment of the first object,
that is to say for the fragments of the first buffer memory for which there is no
depth information, a default value is given, for example the maximum depth
of the virtual environment 1 or a predefined value.

Then, during a step 81 identical to that described with respect to
figure 8, a second item of information representative of the depth of a second
fragment of a second object 12 is estimated.

Then, during a step 82 identical to that described with respect to
figure 8, the second estimated item of depth information is compared to the
first item of depth information stored in the first item of depth information,
whether this first item of depth information corresponds to a depth of a first
fragment or to a default value.

Then, during a step 83 identical to that described with respect to
figure 8, the second buffer memory 22, 62 and the third buffer memory 23, 63
are updated according to the comparison result.

Naturally, the invention is not limited to the embodiments
previously described.

In particular, the invention is not limited to a method for estimation
of the occlusion in a virtual environment but also extends to any device
implementing this method and notably any devices comprising at least one
GPU. The implementation of calculations necessary to the estimation of the
occlusion is not limited either to an implementation in shader type
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microprograms but also extends to an implementation in any program type,
for example programs that can be executed by a CPU type microprocessor.

The number of objects composing the virtual environment is not
restricted to 2, 3 or 4 but extends to any number of objects.

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 display of synthesis
images for example. The implementation of the invention in postproduction
offers the advantage of providing an excellent visual display in terms of
realism notably while reducing the required calculation time.

The invention also relates to a method for composition or
generation of a video image, in two dimensions or in three dimensions, for
which the occlusion according to one or several observation directions is
calculated and the information representative of the attribute of fragments
that results is used for the displaying of pixels of the image, each pixel
corresponding to an observation direction. The occlusion determined for
displaying by each of the pixels of the image is re-calculated to adapt to the
different viewpoints of the spectator.

The present invention can be used in video game applications for
example, whether via programs that can be executed in a PC or portable
type computer or in specialised game consoles producing and displaying
images live. 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.
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CLAIMS
1. Method for generation of an image representative of a virtual

environment (1) comprising at least two objects (11, 12), the virtual

environment (1) being observed from a viewpoint (10), characterized in that

said method comprises the following steps for:

- estimating (81) a second item of information representative of the
distance separating a second fragment of a second object (12) from said
viewpoint (10) according to an observation direction (100),

- comparing (82) said second item of information with a first item of
information representative of the distance separating a first fragment of a
first object (11) from said viewpoint (10) according to said observation
direction (100) and stored in a first buffer memory (21, 61):

e estimating a third item of information representative of attributes
associated with the second fragment if and only if the second item
of information is less than the first item of information, storage (83)
of the second item of information in a second buffer memory (22,
62) and storage (83) of the third item of information in a third buffer
memory (23, 63),

e if the second item of information is greater than the first item of
information, storage (83) of the first item of information in the
second buffer memory (22, 62),

the first buffer memory (21, 61) and the second buffer memory (22, 62)

being used alternately in a way to be able to read access in one of the
first and second buffer memories while having write access in the
other first and second buffer memories.

2. Method according to claim 1, characterized in that the first, second
and third buffer memories (21, 22, 23, 61, 62, 63) are memories of render
buffer type of a graphic processor.

3. Method according to one of claims 1 to 2, characterized in that the
item of information having the smallest value from among the first item of
information and second item of information is stored in a fourth buffer
memory (24, 64).
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4, Method according to one of claims 1 to 3, characterized in that the
third item of information is stored temporarily in the second buffer memory
(22, 62) before being copied into the third buffer memory (23, 63).

5. Method according to one of the preceding claims, characterized in that
when the second item of information is greater than the first item of
information, a fourth item of information representative of attributes
associated with the first fragment is stored in the third buffer memory (23,
63).

6. Method according to claim 5, characterized in that the fourth item of
information is stored temporarily in the first buffer memory (21, 61) before
being copied into the third buffer memory (23, 63).

7. Method according to one of claims 1 to 6, characterized in that the
steps of estimation (81), comparison (82) and storage (83) are reiterated for
each second fragment of the second object (12).

8. Method according to one of claims 1 to 7; characterized in that it
comprises a step of classification (91) of the at least two objects (11, 12) of
said virtual environment (1) according to their respective distances to the
viewpoint (10), from the closest to the viewpoint to the viewpoint farthest from
the viewpoint, the first object (11) being closer to the viewpoint (10) than the
second object (12).

9. Method according to one of claims 1 to 8, characterized in that it
comprises a step of initialization (92) of the first buffer memory (21, 61) with
information representative of the distance separating each fragment of the
first object (11) from the viewpoint (10).

10. Module for generation of an image representative of a virtual
environment (1) comprising at least two objects (11, 12), the virtual
environment (1) being observed from a viewpoint (10), characterized in that
said module comprises:

- estimation means for estimating a second item of information
representative of the distance separating a second fragment of a second
object (12) from said viewpoint (10) according to an observation direction
(100),
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- Comparing means for comparing said second item of information with a
first item of information representative of the distance separating a first
fragment of a first object (11) from said viewpoint (10) according to said
observation direction (100) and stored in a first buffer memory (21, 61):

e a third item of information representative of attributes associated
with the second fragment being estimated if and only if the second
item of information is less than the first item of information, the
second item of information being stored in a second buffer
memory (22, 62) and the third item of information being stored in a
third buffer memory (23, 63),

e the first item of information being stored in the second buffer
memory (22, 62) if the second item of information is greater than
the first item. of information,

the first buffer memory (21, 61) and the second buffer memory (22, 62)

being used alternately in a way to be able to read access in one of the

first and second buffer memories while having write access in the
other first and second buffer memories.

11.  Method according to claim 10, characterized in that the first, second
and third buffer memories (21, 22, 23, 61, 62, 63) are memories of render
buffer type of a graphic processor.

12. Module according to one of claims 10 to 11, characterized in that it
comprises a fourth buffer memory (24, 64) to store information having the
smallest value from among the first item of information and second item of
information.

13.  Graphic processor characterized in that it comprises a module
according to one of claims 10 to 12.
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