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Description
- TECHNICAL FIELD -

[0001] The present invention relates to methods and
devices for combining, within a stereoscopic display de-
vice, locally generated images superimposed on a three-
dimensional content received by the device itself.

- PRIOR ART -

[0002] It is known that television apparatuses (televi-
sion sets and decoders) can generate locally images con-
taining text and graphics and superimpose them on the
images being received,; itis thus possible to supply useful
information of various kinds to the user as the video is
being played in the background.

[0003] These images can be generated by starting
from information received along with the video signal (as
is the case, for example, of subtitles and some electronic
program guides, also known as EPGs), or they may pro-
vide information about the configuration and the settings
of the decoder or television set (e.g. menus or the bar
indicating the volume level and other parameters).
[0004] Nowadays the quantity of 3D contents available
on the market has grown considerably; the fruition of
these contents is no longer limited to cinemas, and users
can watch 3D videos at home on their own television set.
[0005] Therefore, also for 3D videos there is a need to
superimpose locally generated images on the television
images being received.

[0006] Compared to a 2D video stream, image super-
imposition on a 3D video stream is more complex, since
it is necessary to take into account the different depth
arrangement of the objects included in the single images
making up the video stream.

[0007] Patent application EP2157803A1 teaches how
to position a text in such a position that it always remains
in front of the television image. In particular, if the 3D
content is broadcast as a two-dimensional image plus a
depth matrix, the latter can also be used for defining the
position of the text.

[0008] This solution has the drawback that it employs
a very large depth map, since this is used for creating
the pair of right and left images (which, when combined
together, produce the 3D effect) by starting from a basic
two-dimensional image. In addition to requiring a consid-
erable computational effort when the map must be ana-
lyzed to define the text position, the size of this map also
involves high bandwidth usage when the map is trans-
mitted to a receiver.

[0009] Patent application WO2008/038205 describes
a method for composing 3D images (to be displayed on
a 3D display)composed by main 3D images and addi-
tional 2D or 3D images , as texts or graphics, not super-
imposed to the main ones. Every type of image is com-
posed by a 2D image and a relating depth map. The
depth map of every type of image is combined in recep-
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tion with a corresponding 2D image for reconstructing
the image to be displayed.

[0010] Patent application EP-1705929 describes a
method for organizing the transmission of 3D images by
combining in a frame one of the two 2D images compos-
ing the 3D image, with information relating to the depth,
useful to rebuild the 3D image in reception.

- OBJECTS AND BRIEF DESCRIPTION OF THE IN-
VENTION -

[0011] The object of the present invention is to provide
a method and a system for combining images with a
three-dimensional content transported by a stereoscopic
video stream, which allows to overcome the drawbacks
of the prior art.

[0012] In particular, it is one object of the present in-
vention to provide a method for superimposing images
on 3D content which requires a lower computational cost
at 3D content player level.

[0013] It is another object of the present invention to
provide a method for transmitting information necessary
for superimposing images on those transported by a ster-
eoscopic video stream, which does not require high
bandwidth usage and which is robust to the stereoscopic
video stream coding and decoding operations.

[0014] Theseandotherobjects ofthe presentinvention
are achieved through a method and a system for super-
imposing images on those transported by a stereoscopic
video stream incorporating the features set out in the
appended claims, which are intended as an integral part
of the present description.

[0015] The general idea at the basis of the present in-
vention is to display an element superimposed on a ster-
eoscopic stream by using in the playback phase a su-
perimposition depth map coded into an image contained
in a frame of a stereoscopic stream. The depth map used
in the present invention is not aimed at coding the ster-
eoscopic video stream, since it is transmitted with the
only purpose of supplying the decoder or the television
set with information useful for superimposing locally gen-
erated images on the stereoscopic image in an appro-
priate manner. To this end, the depth map has a lower
resolution, and therefore a smaller number of pixels, than
that of the stereoscopic pair, thus limiting bandwidth oc-
cupation. This is possible because the map is not used
for generating the three-dimensional image, but only for
properly positioning the overlays.

[0016] In a preferred embodiment, the frame carries a
composite image that comprises a right image, a left im-
age and the depth map, appropriately multiplexed.
[0017] In one embodiment, the right and left images
are arranged in accordance with a traditional format, e.g.
a side-by-side, top-bottom or checkerboard format,
whereas the depth map is inserted into a free area of the
composite frame and is not intended for display.

[0018] In an alternative embodiment, the right and left
images are arranged in the composite frame in an inno-



3 EP 2 599 319 B1 4

vative manner. In this embodiment, the frame comprises
a number of pixels which is higher than the sum of the
pixels of the original format (i.e. prior to coding) of both
the right and left images, which are thus entered without
being subject to decimation.

[0019] In this embodiment, the pixels of the firstimage
(e.g.the leftimage) are entered into the composite image
without undergoing any changes, whereas the second
image is subdivided into regions whose pixels are ar-
ranged in free areas of the composite image. This solu-
tion offers the advantage that one of the two images is
left unchanged, which results in better quality of the re-
constructed image.

[0020] Advantageously, the second image is then bro-
ken up into the smallest possible number of regions, so
as to maximize the spatial correlation among the pixels
and reduce the generation of artifacts during the com-
pression step.

[0021] In an advantageous embodiment, the regions
of the second image are entered into the composite im-
age by means of translation or rototranslation operations
only, thus leaving unchanged the ratio between horizon-
tal and vertical resolution.

[0022] In afurther embodiment, at least one of the re-
gions into which the second image has been broken up
undergoes a specular inversion step, i.e. it is overturned
relative toone axis (in particular one side) and is arranged
in the composite image in a manner such that one of its
sides borders on one side of the otherimage having iden-
tical or similar pixels on the bordering side due to the
strong correlation existing between homologous pixels
of the two right and left images, i.e. pixels of the two
images which are positioned in the same row and column.
[0023] This solution offers the advantage of reducing
the generation of artifacts in the boundary area. More
advantageously, the regionsinto which the secondimage
is subdivided have a rectangular shape; compared to the
solution that uses triangular regions arranged with
boundary areas crossing the composite image in diago-
nal directions, this choice provides a reduction of the ar-
tifacts produced by a subsequent compression step, es-
pecially if the latter acts upon square blocks of pixels (e.g.
16x16 for the H.264 standard).

[0024] According to a particularly advantageous em-
bodiment, the formation of artifacts is further reduced or
even completely eliminated by introducing redundancy
in the composite image, i.e. by copying some groups of
pixels several times. In particular, this is attained by
breaking up the basic image to be entered into the com-
posite image into regions having such dimensions that
the total number of pixels of these regions exceeds the
number of pixels of the image to be broken up. In other
words, the image is broken up into regions, of which at
least two comprise an image portion in common. The
common image portion is a boundary area between re-
gions adjacent to each other in the disassembled image.
The size of this common portion preferably depends on
the type of compression to be subsequently applied to
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the composite image, and may act as a buffer area which
will be partially or completely removed when the disas-
sembled image is reconstructed. Since compression
may introduce artifacts in the boundary areas of said re-
gions, by eliminating the buffer areas, or at least the out-
ermost partthereof, itis possible to eliminate any artifacts
and reconstruct an image which is faithful to the original
one.

[0025] Further objects and advantages of the present
invention will become more apparent from the following
description of afew embodiments thereof, which are sup-
plied by way of non-limiting example.

- BRIEF DESCRIPTION OF THE DRAWINGS -

[0026] Said embodiments will be described with refer-
ence to the annexed drawings, wherein:

Fig. 1 shows a block diagram of a device for multi-
plexing the rightimage and the leftimage into a com-
posite image;

Fig. 2 is a flow chart of a method executed by the
device of Fig. 1;

Fig. 3 shows a first form of disassembly of an image
to be entered into a composite image;

Fig. 4 shows a first step of constructing a composite
image according to one embodiment of the present
invention;

Fig. 5 shows the complete composite image of Fig. 4;
Fig. 6 shows a second form of disassembly of an
image to be entered into a composite image;

Fig. 7 shows a composite image that includes the
image of Fig. 6;

Fig. 8 shows a third form of disassembly of an image
to be entered into a composite image;

Fig. @ shows a composite image that includes the
image of Fig. 8;

Fig. 10 shows a block diagram of a receiver for re-
ceiving a composite image generated according to
the method of the present invention;

Fig. 11 shows some steps of reconstructing the im-
age disassembled according to the method of Fig. 8
and entered into the composite image received by
the receiver of Fig. 10;

Fig. 12 is a flow chart of a method for reconstructing
therightand leftimages multiplexed into a composite
image of the type shown in Fig. 9;

Fig. 13 shows a composite image according to a
fourth embodiment of the present invention;

Figs. 14a to 14f show a right image and a left image
in different processing steps carried out for entering
them into the composite image of Fig. 13.

[0027] Where appropriate, similar structures, compo-
nents, materials and/or elements are designated by
means of similar references in different figures.
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- DETAILED DESCRIPTION OF THE INVENTION -

[0028] Fig. 1 shows a block diagram of a device 100
for generating a stereoscopic video stream 101 with a
depth map for superimposing images on a video content
transported by the video stream.

[0029] For the purposes of the present invention, a
three-dimensional (or 3D) content is an image or a video
which is perceived by the observer as having variable
depth, where elements can protrude from the screen
plane on which said image or video is being displayed or
projected.

[0030] The expression "to superimpose two images"
refers herein to any form of combination of two images,
e.g. in transparency, half-transparency or complete
opacity.

[0031] The present invention equally applies to any
type of superimposition, whether static or dynamic, i.e.
having fixed or time-variable graphic characteristics,
which in turn may be either two-dimensional or three-
dimensional.

[0032] The depth of a three-dimensional content re-
lates to the dimension of the three-dimensional content
which enters into the screen along an axis orthogonal to
the screen on which the 3D content is being displayed.
For the purposes of the present description, the screen
corresponds to a zero depth point, while the "minimum
depth" point is that point of the 3D content which is per-
ceived by the user as closest to him/herself, i.e. farthest
from the screen. Accordingly, the "maximum depth" point
is that point which is perceived by the observer as deep-
est into the screen, i.e. farthest from him/herself, even
beyond the screen plane.

[0033] In Fig. 1, the device 100 is inputted two image
sequences 102 and 103, e.g. two video streams, respec-
tively intended for the left eye (L) and the right eye (R),
and a depth map sequence 106. Each depth map in the
sequence 106 is associated with one pair of right and left
images belonging tothe sequences 102 and 103, respec-
tively. In this embodiment, the depth map is generated
by means of per se known algorithms which compare a
right image with a left image and return a matrix (the
depth map) having a size equal to the pixels of one of
the two compared images, and whose elements have a
value which is proportional to the depth of each pixel
being displayed. Another depth map generation tech-
nique is based on measuring the distance of the object
inthe scene from the pairof video cameras that are shoot-
ing the scene: This distance can be easily measured by
means of a laser. In the case of artificial video streams
generated with the help of electronic computers, the vid-
eo cameras are virtual ones, in that they consist of two
points of view of a certain scene artificially created by a
computer. In another embodiment, one depth map is as-
sociated with multiple pairs of right and left images; in
this case, the value chosen for each element of the depth
map is the minimum depth value of the pixel in the dif-
ferent frames. Preferably, in this embodiment the depth
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map is entered once for each frame group it is associated
with, so as to reduce the load on the device 100, which
is also inputted a piece of information that allows asso-
ciating one depth map with multiple pairs of right and left
images.

[0034] As an alternative to the example of Fig. 1, the
depth maps of the sequence 106 may be generated with-
in the device 100. In this case, the device 100 comprises
a suitable module which is inputted the images L and R
of the sequences 102 and 103 and then generates cor-
responding depth maps.

[0035] The device 100 allows to implement a method
for multiplexing two images of the two sequences 102
and 103 and the depth map of the sequence 1086.
[0036] In order to implement the method for multiplex-
ing the right and left images and the depth map, the de-
vice 100 comprises a disassembler module 104 for
breaking up an input image (the right image in the exam-
ple of Fig. 1) into a plurality of sub-images, each corre-
sponding to one region of the received image, an under-
sampling and filtering module 107 for processing the
depth map, and an assembler module 105 capable of
entering the pixels of received images, including the
depth map, into a single composite image to be provided
at its output. If no processing of the sequence 106 is
necessary, the module 107 may be omitted. This may be
the case, for example, when the depth map is laser-gen-
erated and has, right from the start, a lower resolution
than that of the images L and R.

[0037] One example of a multiplexing method imple-
mented by the device 100 will now be described with
reference to Fig. 2.

[0038] The method starts in step 200. Subsequently
(step 201), one of the two input images (right or left) is
broken up into a plurality of regions, as shown in Fig. 3.
In the example of Fig. 3, the disassembled image is a
frame R of a video stream 720p, i.e. a progressive format
with a resolution of 1280 x 720 pixels, 25/30 fps (frames
per second).

[0039] The frame R of Fig. 3 comes from the video
stream 103 which carries the images intended for the
right eye, and is disassembled into three regions R1, R2
and R3.

[0040] The disassembly of the image R is obtained by
dividing it into two portions of the same size and subse-
quently subdividing one of these portions into two por-
tions of the same size.

[0041] The region R1 has a size of 640x720 pixels and
is obtained by taking all the first 640 pixels of each row.
The region R2 has a size of 640x360 pixels and is ob-
tained by taking the pixels from 641 to 1280 of the first
360 rows. The region R3 has a size of 640x360 pixels
and is obtained by taking the remaining pixels of the im-
age R, i.e. the pixelsfrom 641 to 1280 of the last 360 rows.
[0042] In the example of Fig. 1, the step of disassem-
bling the image R is carried out by the module 104, which
receives an input image R (in this case the frame R) and
outputs three sub-images (i.e. three groups of pixels) cor-
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responding to the three regions R1, R2 and R3.

[0043] Subsequently (steps 202, 203 and 205) the
composite image C is constructed, which comprises the
information pertaining to both the right and the leftimages
and to the depth map received; in the example described
herein, said composite image C is a frame of the output
stereoscopic video stream, and therefore it is also re-
ferred to as container frame.

[0044] First of all (step 202), the input image received
by the device 100 and not disassembled by the device
105 (the left image L in the example of Fig. 1) is entered
unchanged into a container frame which is sized in a
manner such as to include all the pixels of both input
images. For example, if the input images have a size of
1280x720 pixels, then a container frame suitable for con-
taining both will be a frame of 1920x1080 pixels, e.g. a
frame of a video stream of the 1080p type (progressive
format with 1920 x 1080 pixels, 25/30 frames per sec-
ond).

[0045] In the example of Fig. 4, the left image L is en-
tered into the container frame C and positioned in the
upper left corner. This is obtained by copying the
1280x720 pixels ofthe image L into an area C1 consisting
ofthefirst 1280 pixels of the first 720 rows of the container
frame C.

[0046] When in the following description reference is
made to entering an image into a frame, or transferring
or copying pixels from one frame to another, it is under-
stood that this means to execute a procedure which gen-
erates (by using hardware and/or software means)a new
frame comprising the same pixels as the source image.
[0047] The (software and/or hardware) techniques for
reproducing a source image (or a group of pixels of a
source image) into a target image are considered to be
unimportant for the purposes of the presentinvention and
will not be discussed herein any further, in that they are
per se known to those skilled in the art.

[0048] In the next step 203, the image disassembled
in step 201 by the module 104 is entered into the con-
tainer frame. This is achieved by the module 105 by cop-
ying the pixels of the disassembled image into the con-
tainer frame C in the areas thereof which were not occu-
pied by the image L, i.e. areas being external to the area
C1.

[0049] In order to attain the best possible compression
and reduce the generation of artifacts when decompress-
ing the video stream, the pixels of the subimages output-
ted by the module 104 are copied by preserving the re-
spective spatial relations. In other words, the regions R1,
R2 and R3 are copied into respective areas of the frame
C without undergoing any deformation, exclusively by
means of translation and/or rotation operations.

[0050] An example of the container frame C outputted
by the module 105 is shown in Fig. 5. The region R1 is
copied into the last 640 pixels of the first 720 rows (area
C2), i.e. next to the previously copied image L.

[0051] The regions R2 and R3 are copied under the
area C1, i.e. respectively in the areas C3 and C4, which
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respectively comprise the first 640 pixels and the follow-
ing 640 pixels of the last 360 rows.

[0052] As an alternative to the solution shown in Fig.
5, theregions R2 and R3 may be copied into the container
frame C in disjoined areas (i.e. neither overlapping nor
neighbouring) separated by a group of pixels, so as to
reduce the boundary regions.

[0053] The operations for entering the images L and
R into the container frame do not imply any alterations
tothe balance between horizontal and vertical resolution.
[0054] In the free pixels of the frame C, i.e. in the area
C5, the module 105 enters, in the form of an image, the
depth map (DM) pertaining to the stereoscopic pair L and
R (step 205). Prior to step 205, the depth map DM may
be undersampled, filtered or further processed by the
module 107.

[0055] The depth map is preferably coded as a gray
scale image, the information content of which can there-
fore be transported by the luminance signal alone, since
chrominances are null; this allows to obtain an effective
compression of the container frame C.

[0056] As shown in the example of Fig. 5, the depth
map entered into the frame C is preferably an image su-
perimposition depth map, and therefore its resolution is
lower than that of the pair L and R, since it is transmitted
with the only purpose of positioning the overlays in depth,
not for generating the stereoscopic video stream. The
chosen resolution of the depth map is a result of a com-
promise between the bit rate required for the transfer,
which must be as low as possible, and the quality of the
information necessary for properly positioning the over-
lays.

[0057] Inapreferred embodiment, the superimposition
depth map DM has a resolution of 640 x 360 pixels, cor-
responding to a 4-to-1 undersampling (or decimation) of
the original depth map having a resolution of 1280 x 720
pixels, matching that of the images L and R. Each pixel
of the undersampled map DM corresponds to a 2 x 2
pixel region of the original map. In particular, the 4-to-1
undersampling step can be executed by selecting one
row out of two and one column out of two of the original
map.

[0058] In another embodiment, after decimation the
superimposition depth map DM undergoes a processing
step wherein it is divided into 16x16-pixel macroblocks,
and the pixels belonging to the same macroblock are
assigned a single depth value. Preferably, this value
equals the minimum depth within the macroblock, since
this is the most significant value for properly positioning
the overlays.

[0059] Alternatively, this value is equal to the mean
depth value within the macroblock.

[0060] The choice of 16x16-pixel macroblocks is par-
ticularly advantageous when the compression standard
inuseis H.264, because such macroblocks coincide with
those employed in the H.264 standard. With this solution,
in fact, compression generates less artifacts and requires
a lower bit rate.
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[0061] The subdivision into blocks of 8 x 8 or 4 x 4 can
also be considered to be advantageous in that, due to
the particular characteristics of the H.264 compression
algorithm, compression benefits are obtained if the pixels
within these blocks are all equal. Alternatively, but giving
up the subdivision into blocks or macroblocks within
which the pixels are all equal, the 640x360 depth map
may be filtered with a two-dimensional low-pass filter.
Compression advantages are obtained in this case as
well, because the highest spatial frequencies are elimi-
nated or reduced.

[0062] Alternatively, the depth map may have a reso-
lution of 160 x 90 pixels, resulting from a 64-to-1 under-
sampling, wherein each pixel of the depth map DM cor-
responds to an 8x8 region of the original map.

[0063] In a further embodiment, the superimposition
depth map DM entered into the container frame C may
have an uneven resolution; in particular, the lower half
or third of the superimposition depth map has a higher
resolution than the upper part. This solution turns out to
be particularly advantageous as concerns the positioning
of subtitles or other information such as the audio volume,
which are generally placed in the lower part of the image.
The receiver can thus use more accurate information
about the depth of the pixels in a region of interest, e.g.
the lower third of the 3D image, and can therefore position
the images (text or graphics) correctly in that region. At
the very least, the superimposition depth map may even
only contain information about the depth of the pixels (all
or only a portion thereof) located in a region of interest,
in particular in the lower half or in the lower third of the
three-dimensional content.

[0064] Inanother embodiment, a region of the contain-
er frame which is not occupied by the right or left images,
by portions thereof or by the superimposition depth map
is intended for receiving a flag which is necessary for
reconstructing the right and left images at demultiplexer
level. For example, said flag may relate to how the com-
posite image has been created. Preferably, the flag may
contain information useful for properly using the depth
map.

[0065] The pixels of this flag region are, for example,
colored in two colors (e.g. black and white) so as to create
a bar code of any kind, e.g. linear or two-dimensional,
which carries the flag information.

[0066] Once the transfer of both images and of the su-
perimposition depth map received (and possibly also of
the flag) into the container frame has been completed,
the method implemented by the device 100 ends, and
the container frame can be compressed and transmitted
on a communication channel and/or recorded onto a suit-
able medium (e.g. CD, DVD, Blu-ray, mass memory,
etc.).

[0067] Since the multiplexing operations explained
above do not alter the spatial relations among the pixels
of one region or image, the video stream outputted by
the device 100 can be compressed to a considerable
extent while preserving good possibilities that the image
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will be reconstructed very faithfully to the transmitted one
without creating significant artifacts.

[0068] Before describing any further embodiments, it
must be pointed out that, in the preferred embodiment,
the division of the frame R into three regions R1, R2 and
R3 corresponds to the division of the frame into the small-
est possible number of regions, taking into account the
space available in the composite image and the space
occupied by the left image entered unchanged into the
container frame.

[0069] Said smallest number is, in other words, the
minimum number of regions necessary to occupy the
space left available in the container frame C by the left
image.

[0070] In general, therefore, the minimum number of
regions into which the image must be disassembled is
defined as a function of the format of the source images
(right and left images) and of the target composite image
(container frame C).

[0071] Preferably, the image to be entered into the
frame is disassembled by taking into account the need
for breaking up the image (e.g. R in the above example)
into the smallest number of rectangular regions.

[0072] In a further embodiment, the right image R is
disassembled as shown in Fig. 6.

[0073] Theregion R1’ corresponds to the region R1 of
Fig. 3, and therefore comprises the first 640 pixels of all
720 rows of the image.

[0074] The region R2’ comprises the 320 columns of
pixels adjacent to the region R1’, whereas the region R3’
comprises the last 320 columns of pixels.

[0075] The container frame C can thus be constructed
as shown in Fig. 7, with the regions R2’ and R3’ turned
by 90° and arranged in the areas C3’ and C4’ under the
image L and the region R1".

[0076] The regions R2’ and R3’ thus rotated occupy
720 pixels of 320 rows; therefore, the areas C3’ and C4’
are separated from the areas C1 and C2 that contain the
pixels copied from the image L and from the region R1’.
[0077] Preferably, the areas C3’and C4’ are separated
from the other areas C1 and C2 by at least one safeguard
line. In particular, it is advantageous and preferable to
copy the pixels of the regions R2’ and R3’ into the last
rows of the container frame C.

[0078] Since in this case the container frame is made
up of 1080 rows, in the embodiment of Fig. 7 the rotated
regions R2’ and R3’ are separated from the above image
L and region R1’ by a safeguard strip 40 pixels high.
[0079] In the example of Fig. 7, the regions R2’ and
R3’ are separated from each other, so that they are sur-
rounded by pixels of a predefined color (e.g. white or
black) not coming from the right and left images. In this
manner, the boundary areas between regions containing
pixels coming from the right and left images are reduced,
while also reducing any artifacts caused by image com-
pression and maximizing the compression rate.

[0080] As an alternative to positioning R2’ and R3’ into
the last rows of the container frame C (as described with
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reference to Fig. 7), in a preferred embodiment R2” and
R3’ are positioned in a manner such that a safeguard
strip 32 pixel rows high is left between the bottom edge
of L and the upper edge of R2’ and R3’. This provides a
second safeguard strip 8 pixel rows high between the
bottom edge of R2’ and R3’ and the bottom edge of C.
By further exploiting the width of the container frame, it
is possible to position R2’ and R3’ in a manner such that
they get completely surrounded by pixels coming from
neither the right image nor the left image.

[0081] Finally, in the area C5’ in the bottom right corner
of the frame C, the superimposition depth map (DM’) is
entered with a resolution of 160 x 90 pixels, obtained by
undersampling the original depth map as previously de-
scribed. In general, the superimposition depth map may
have any resolution, as long as it is contained within a
free space of the frame C. For better exploiting the avail-
able space, the superimposition depth map may undergo
a rotation and/or disassembly step prior to being entered
into the frame C.

[0082] In a further embodiment, which is described
herein with reference to Figs. 8 and 9, the module 104
extracts three subimages R1", R2" and R3", whose total
sum of pixels exceeds that of the disassembled image.
[0083] The region R1" corresponds to the region R1’
of Fig. 6, whereas R2" and R3" include the area of the
regions R2’ and R3’ plus an additional area (Ra2 and
Ra3) which allows to minimize the creation of artifacts
during the image compression step.

[0084] The segmentR1" is thus a region having a size
of 640 x 720 pixels and occupying the first columns of
the frame R to be disassembled.

[0085] The segment R3" occupies the last columns of
the frame R to be disassembled, and borders on the cen-
tral region R2". R3" includes, on the left side (the one
bordering on R2"), a buffer strip Ra3 containing pixels in
common with the region R2". In other words, the last
columns of R2" and the firstones of R3" (which constitute
the buffer strip Ra3) coincide.

[0086] Preferably, the size of the buffer strip Ra3 is
chosen as a function of the type of compression to be
subsequently applied to the container frame C, and in
general to the video stream containing it. In particular,
said strip has a size which is twice that of the elementary
processing unit used in the compression process. For
example, the H.264 standard provides for disassembling
the image into macroblocks of 16x16 pixels, each of
which represents this standard’s elementary processing
unit. Based on this assumption, the strip Ra3 has a width
of 32 pixels. The segment R3" therefore has a size of
352 (320+32)x720 pixels, and comprises the pixels of
the last 352 columns of the image R.

[0087] The segment R2" occupies the central part of
the image R to be disassembled and includes, on its left
side, a buffer strip Ra2 having the same size as the strip
Ra3. In the example taking into account the H.264 com-
pression standard, the strip Ra2 is thus 32 pixels wide
and comprises pixels in common with the region R1".
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The segment R2" therefore has a size of 352x720 pixels
and comprises the pixels of the columns from 608 (640
of R1"-32) to 978 of the frame R.

[0088] The three subimages pertaining to the regions
R1", R2" and R3" outputted by the module 104 (visible
in Fig. 8) are then entered into the container frame C as
shown in Fig. 9. The regions R2" and R3" are turned by
90° and the pixels are copied into the last rows of the
frame C (areas designated C3" and C4") by providing a
certain number of safeguard pixels which separate the
areas C3"and C4" from the areas C1 and C2 thatinclude
the pixels of the images L and R1". In the case shown in
Fig. 9, this safeguard strip is 8 pixels wide.

[0089] Inthis embodiment as well, the superimposition
depth map (DM’) is entered into the area C5’ in the bottom
right corner of the frame C.

[0090] The frame C thus obtained is subsequently
compressed and transmitted or saved to a storage me-
dium (e.g. aDVD). For this purpose, compression means
are provided which are adapted to compress an image
or a video signal, along with means for recording and/or
transmitting the compressed image or video signal.
[0091] Fig. 10 shows a block diagram of a receiver
1100 which decompresses the container frame (if com-
pressed) received or read from a medium, reconstructs
the two right and left images, and makes them available,
along with the related superimposition depth map, to a
display device (e.g. a television set) allowing fruition of
3D contents with images superimposed on a video con-
tent. The receiver 1100 may be a set-top-box orareceiver
built in a television set. It should be noted that, when the
receiver 1100 is a set-top-box not integrated into a tele-
vision set, it must use the depth map internally to properly
position the graphics it generates (e.g. subtitles, EPG
and related menus). In addition, the receiver 1100 will
have to send the depth map (e.g. via the HDMI interface)
tothetelevision set, in that the latter will need it to properly
position its own graphics (e.g. its menus).

[0092] The same remarks made for the receiver 1100
are also applicable to a reader (e.g. a DVD reader) which
reads a containerframe (possibly compressed) and proc-
esses it in order to obtain one pair of frames correspond-
ing to the right and left images entered into the container
frame (possibly compressed) read by the reader.
[0093] Referring back to Fig. 10, the receiver receives
(via cable or antenna) a compressed stereoscopic video
stream 1101 and decompresses it by means of a decom-
pression module 1102, thereby obtaining a video stream
comprising a sequence of frames C’ corresponding to
the frames C. If there is an ideal channel or if container
frames are being read from a mass memory or a data
medium (Blu-ray, CD, DVD), the frames C’ correspond
to the container frames C carrying the information about
the right and left images and the superimposition depth
map, except for any artifacts introduced by the compres-
sion process.

[0094] These frames C’ are then supplied to a recon-
struction module 1103, which executes an image recon-
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struction and depth map extraction method as described
below with reference to Figs. 11 and 12.

[0095] Itis apparentthat, if the video stream is notcom-
pressed, the decompression module 1102 may be omit-
ted and the video signal may be supplied directly to the
reconstruction module 1103.

[0096] The reconstruction process starts in step 1300,
when the decompressed container frame C’ is received.
Thereconstruction module 1103 extracts (step 1301) the
left image L by copying the first 720x1280 pixels of the
decompressed frame into a new frame which is smaller
than the container frame, e.g. a frame of a 720p stream.
The image L thus reconstructed is outputted to the re-
ceiver 1100 (step 1302).

[0097] Subsequently, the method provides for extract-
ing the right image R from the container frame C’.
[0098] The step of extracting the rightimage begins by
copying (step 1303) a portion of the area R1" included
in the frame C’. More in detail, the pixels of the first
624(640-16) columns of R1" are copied into the corre-
sponding first 624 columns of the new framerepresenting
the reconstructed image Rout, as shown in Fig. 11. As a
matter of fact, this removes from the reconstruction step
the 16 columns of R1" which are most subject to creation
of artifacts, e.g. through the effect of the motion estima-
tion procedure carried out by the H.264 compression
standard.

[0099] Then a central portion of R2" is extracted (step
1304). From the decompressed frame C’ (which, as
aforesaid, corresponds to the frame C of Fig. 9), the pixels
of the area C3" (corresponding to the source region R2")
are selected and a 90° rotation inverse to the one exe-
cuted in the multiplexer 100 is made, which brings them
back to the original row/column condition, i.e. the one
shown in Fig. 8. At this point, the first and last sixteen
(16) columns of R2" are eliminated and the remaining
352-32=320 pixel columns are copied into the free col-
umns adjacent to those just copied from R1".

[0100] By cutting the 16 outermost columns of the re-
gion R2", those columns are eliminated where formation
of artifacts is most likely to occur. The width of the cut
area (in this case 16 columns) depends on the type of
compression used. Said area is preferably equal to the
elementary processing unit used by the compression
process; in the case described herein, the H.264 stand-
ard operates upon blocks of 16x16 pixels, and therefore
16 columns are to be cut.

[0101] As regards R3" (step 1305), the pixels of the
region C4" are extracted from the frame C’ and the subim-
age R3" is brought back to the original row/column format
(see Fig. 8). Subsequently, the first 16 pixel columns are
eliminated (corresponding to half the area Ra3) and the
remaining 352-16=336 pixel columns are copied into the
last free columns on the left of the reconstructed frame.
Like R2", also in R3" the cut area is equal to the elemen-
tary processing unit used by the compression process.
[0102] Of course, for both regions R2" and R3" the ro-
tation step may be carried out in a virtual manner, i.e. the
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same result in terms of extraction of the pixels of interest
may be obtained by copying into the reconstructed frame
the pixels of a row of the area C3" (if R2", C4" if R3") in
a column of the new frame Rout, except for the last 16
rows of the area C3" (if R2", C4" if R3") corresponding
to the sixteen columns to be cut, shown in Fig. 8.
[0103] Atthis point, the rightimage Rout has been fully
reconstructed and can be outputted (step 1306).

[0104] Finally, the reconstruction module 1103 ex-
tracts (step 1308) the superimposition depth map DM’
by copying into a register the luminance values of the
last 160 x 90 pixels of the decompressed container frame
C’, corresponding to the area C5’. The content of said
register is outputted to the receiver 1100 (step 1309) and
will be used for defining the position in depth of images
(text or graphics) to be combined with the three-dimen-
sional content transported by the stereoscopic video
stream; in particular, it will be used for combining images
to be superimposed on the three-dimensional content.
As an alternative or in addition to outputting the content
of the depth map and the images L and R extracted from
the input frames, the receiver 1100 comprises a charac-
ter generator and/or a graphic generator and combines
other images with the images L and R, i.e. with the three-
dimensional content. The images to be combined are
selected from a memory area of the receiver and may be
stored when manufacturing the receiver (e.g. the graph-
ics of some menus or of the channel numbers) or may
be extracted from the video stream (e.g. program guide
information and subtitles).

[0105] These images are combined with the three-di-
mensional content in positions in depth that depend on
the superimposition depth maps extracted from the video
stream. In particular, for each stereoscopic image (pro-
duced by the pairofimages L and R), the combined image
is placed in the point of minimum depth of the stereo-
scopicimage. After the images have been combined with
the 3D content, in this embodiment the receiver 1100
outputs a pair of images L* and R* which, when repro-
duced, will be perceived by the user as a three-dimen-
sional content corresponding to the original one (pro-
duced by the images L and R) with images superimposed
thereon, e.g. subtitles, menus, graphics, etc.

[0106] The process for reconstructing the right and left
images and the depth map contained in the container
frame C’ is thus completed (step 1307). Said process is
repeated for each frame of the video stream received by
the receiver 1100, so that the output will consist of two
video streams 1104 and 1105 for the right image and for
the leftimage, respectively, and one data signal deduced
from the superimposition depth map.

[0107] The process for reconstructing the right and left
images and the superimposition depth map described
above with reference to Figs. 10, 11 and 12 is based
upon the assumption that the demultiplexer 1100 knows
how the container frame C was built and can thus extract
the right and left images and the superimposition depth
map.
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[0108] Of course, this is possible if the multiplexing
method is standardized.

[0109] In order to take into account the fact that the
container frame may be generated according to any one
of the above-described methods, or anyway according
to any one of the methods that utilise the solution which
is the subject of the appended claims, the demultiplexer
uses the flag information contained in a predefined region
of the composite image (e.g. a bar code, as previously
described) in order to know how the contents of the com-
posite image must be unpacked and how to reconstruct
the right and left images and the superimposition depth
map.

[0110] After decoding the flag, the demultiplexer will
know the position of the unchanged image (e.g. the left
image in the above-described examples), as well as the
positions and any transformations (rotation, translation
or the like) of the regions into which the other image was
disassembled (e.g. the right image in the above-de-
scribed examples) and the position of the superimposi-
tion depth map.

[0111] With this information, the demultiplexer can
thus extract the unchanged image (e.g. the left image)
and the depth map and reconstruct the disassembled
image (e.g. the right image).

[0112] Although the present invention has been illus-
trated so far with reference to some preferred and ad-
vantageous embodiments, it is clear that it is not limited
to said embodiments and that many changes may be
made thereto by a man skilled in the art wanting to com-
bine into a composite image two images relating to two
different perspectives (right and left) of an object or a
scene.

[0113] For example, the electronic modules that pro-
vide the above-described devices, in particularthe device
100 and the receiver 1100, may be variously subdivided
and distributed; furthermore, they may be provided in the
form of hardware modules or as software algorithms im-
plemented by a processor, in particular a video processor
equipped with suitable memory areas for temporarily
storing the input frames received. These modules may
therefore execute in parallel or in series one or more of
the video processing steps of the image multiplexing and
demultiplexing methods according to the present inven-
tion.

[0114] It is also apparent that, although the preferred
embodiments refer to multiplexing two 720p video
streams into one 1080p video stream, other formats may
be used as well, such as, forexample, two 640x480 video
streams into one 1280x720 video stream, or two 320x200
video streams into one 640x480 video stream.

[0115] Nor is the invention limited to a particular type
of arrangement of the composite image, since different
solutions for generating the composite image may offer
specific advantages.

[0116] For example, the embodiments described
above with reference to Figs. 1 to 12 offer the advantage
that they only carry out translation or roto-translation op-
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erations, thus only requiring little computational power.

[0117] Alternatively, it is conceivable that the images
are also subjected to specular inversion steps, in addition
to said rotation and/or translation operations, in order to
obtain a composite image of the type shown in Fig. 13.

[0118] These additional operations are carried out for
the purpose of maximizing the boundary perimeters be-
tweenregions containing homologous pixels, thereby ex-
ploiting the strong correlation existing among them and
minimizing the artifacts introduced by the subsequent
compression step. In the example of Figs. 13 and 14 it
has been assumed for clarity that the two right and left
images are identical, even though they generally differ
slightly.

[0119] In this figure, the left image L (shown in Fig.
14a) is positioned in the upper right corner of the con-
tainer frame C, so as to occupy the last 1280 pixels of
the first 720 rows. As in the examples previously de-
scribed, the image L is thus copied unchanged into the
container frame C.

[0120] Instead, the right image R is disassembled ac-
cording tothe example of Fig. 3; Fig. 14b shows the image
R broken up into three regions R1, R2 and R3.

[0121] Subsequently, some regions (the regions R1
and R3 in the example of Fig. 14) undergo a specular
inversion operation; the inversion may occur relative to
a vertical axis (i.e. parallel to a column of the image) or
to a horizontal axis (i.e. parallel to a row of the image).

[0122] Inthe caseofinversionrelative to avertical axis,
the pixels of the column N (where N is an integer between
1 and 1080, 1080 being the number of columns of the
image) are copied into the column 1080+1-N.

[0123] In the case of inversion relative to a horizontal
axis, the pixels of the row M (where M is an integer be-
tween 1 and 720, 720 being the number of rows of the
image) are copied into the row 720+1-N.

[0124] Figs. 14cand 14d show the region R1 extracted
fromthe image R and inverted (R1rot) relative toavertical
axis, in particular relative to a vertical side.

[0125] The inverted region R1inv is entered into the
first 640 pixels of the first 640 pixel rows.

[0126] Ascan be seenin the example of Fig. 13, when
R1inv is entered rotated into the container frame C, the
pixels of R1inv bordering on L are very similar to the
pixels of L bordering on R1inv. The spatial correlation
among these pixels has the advantage of reducing the
formation of artifacts.

[0127] Figs. 14e and 14f show the region R3 extracted
from the image R of Fig. 14b and then inverted (R3inv)
relative to a horizontal axis, in particular relative to a hor-
izontal side.

[0128] The region R3inv is entered into the last 640
pixels of the last 360 rows. This reduces the generation
of artifacts, since the pixels of the boundary regions be-
tween R3inv and L are pixels having high spatial corre-
lation. The pixels in this boundary region, in fact, repro-
duce similar or identical portions of the image.

[0129] The containerframe C is then completed by en-



17 EP 2 599 319 B1 18

tering the region R2.

[0130] Inthis example R2 is notinverted and/or rotated
because it would not be possible, in neither case, to
match a boundary region of R2 with a boundary region
made up of homologous pixels of anotherregionof RorL.
[0131] Finally, itis also apparent that the invention also
relates to any demultiplexing method which allows a right
image and a left image to be extracted from a composite
image by reversing one of the above-described multi-
plexing processes falling within the protection scope of
the present invention.

[0132] Theinventiontherefore also relates to a method
for generating a pair of images starting from a composite
image, which comprises the steps of:

- generating a first one (e.g. the left image) of said
right and left images by copying one single group of
contiguous pixels from a region of said composite
image,

- generating a second image (e.g. the right image) by
copying other groups of contiguous pixels from dif-
ferent regions of said composite image.

[0133] According to one embodiment, the information
for generating said second image is extracted from an
area of said composite image. Said information is pref-
erably encoded according to a bar code.

[0134] Inoneembodimentofthe methodforgenerating
the right and left images, the generation of the image
which was disassembled in the composite image com-
prises at least one step of specular inversion of a group
of pixels of one of said different regions. In one embod-
iment of the method for generating the right and left im-
ages, the generation of the image which was disassem-
bled in the composite image comprises at least one step
of removing pixels from one of the regions of the com-
posite image that comprise the pixels of this image to be
reconstructed. In particular, the pixels are removed from
a boundary area of this region.

[0135] In one embodiment, the image which was dis-
assembled into different regions of the composite image
is reconstructed by subjecting the pixel regions that in-
clude the pixels of the image to be disassembled to trans-
lation and/or rotation operations only.

[0136] Although the above-described embodiment ex-
ample refers to entering a superimposition depth map
into a container frame in which either one of the two right
and left images is disassembled into several parts, it is
clear that the invention is not dependent on the manner
in which the two right and leftimages are formatted within
the container frame. For example, the two images may
be undersampled and arranged side by side (side-by-
side format) or one on top of the other (top-bottom format)
in order to leave a free space in the frame wherein the
superimposition depth map can be placed. Also, either
one of the right and left images may be left unchanged,
whereas the other one may be undersampled in order to
free up space for the depth map.
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[0137] Finally, it must be remarked that the embodi-
ment examples described above with reference to the
annexed drawings relate to a "whole" depth map, i.e. a
depth map computed by decimating or filtering a depth
map of the 3D content without however subdividing it into
several parts, unlike one of the two images L and R, for
example. Nevertheless, this is not a limitation of the
present invention, and the superimposition depth map,
once generated (or received), may be entered into the
container frame by an encoder, which will break it up into
multiple parts that will be arranged in different regions of
the container frame. For example, as known, in order to
code a stereoscopic content, an H.264 encoder has to
enter eight additional rows which will be cut by the de-
coder; in one embodiment, the superimposition depth
map can be entered into these eight additional rows by
dividing it, for example, into 240 blocks of 8x8 in size,
which when appropriately reassembled will form an im-
age having dimensions proportional to the transported
stereoscopic content. One example of block arrange-
ment may be obtained by scanning the rows of a depth
map decimated by 16, therefore with a 120x72 resolution,
wherein strips of 120x8 pixels are lined up in order to
obtain an 1080x8-pixel image. In another embodiment,
the same decimated depth map may be subdivided into
agreater number of strips 8 pixels high by using a 6-pixel
offset instead of an 8-pixel one, so that the content be-
comes redundant and content protection is promoted at
the boundary with the main image. This appears to be
particularly advantageous whenever the stereoscopic
content includes a pair of right and left images multi-
plexed into a top-bottom, side-by-side or checkerboard
format, with such a resolution as to occupy all the poten-
tially displayable pixels in the frame, e.g. the pixels of a
1920x1080 format.

[0138] Preferably, in the event that the frame includes
a pair of asymmetrically decimated images (e.g. a side-
by-side format wherein the columns are decimated more
than the rows, or a top-bottom format wherein only the
rows are decimated, not the columns), then the super-
imposition depth map is obtained by decimating a depth
map with a row/column decimation ratio proportional to
the one used for sampling the images placed in the same
frame. By way of example, assuming that a side-by-side
format is used for multiplexing the right and left images
in the frame, the row/column decimation ratio will be 1:2,
since all rows are kept and the columns are decimated
by two. In this case, the superimposition depth map can
be obtained by decimating a depth map with a 1:2
row/column decimation ratio.

[0139] It is also clear that different methods may be
used for signaling the area occupied by the depth map
to the receiver other than those described above, which
provide for entering a flag into the image; in fact, such a
flag may also be included in a data packet of the signal
carrying the video stream.
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Claims

A method for superimposing images on a three-di-
mensional content, wherein a video stream is re-
ceived which comprises said three-dimensional con-
tent and a depth map (DM, DM’) for superimposing
images on said three-dimensional content, said
depth map (DM, DM’) containing information about
the depth of said three-dimensional content, and be-
ing inserted as an image in a frame (C) of said video
stream,

the method being characterized by using said depth
map (DM, DM’) in the playback phase only for the
superimposition ofimages to said three-dimensional
content, said superimposition being made in a posi-
tion in depth depending on said superimposition
depth map (DM, DM’),

and in that said depth map (DM, DM’) has a smaller
number of pixels than that of a two-dimensional im-
age included in said frame (C) and associated with
said three-dimensional content.

A method according to claim 1, wherein said super-
imposition depth map only contains information
about the depth of pixels located in the lower half,
preferably in the lower third, of said three-dimension-
al content.

A method according to claim 1 or 2, wherein the su-
perimposition depth map has a non-uniform resolu-
tion, in particular the lower half or third of said depth
map has a higher resolution than the upper part.

A method according to claim 1 or 2 or 3, wherein
said superimposition depth map has a lower resolu-
tion than a two-dimensional image associated with
said three-dimensional content.

A method according to claim 4, wherein said three-
dimensional content is an image consisting of a plu-
rality of pixels, and wherein said depth map is ob-
tained by undersampling a depth map whose ele-
ments correspond to the depth of the pixels of said
three-dimensional content.

A method according to claim 5, wherein, after under-
sampling said depth map, the undersampled map is
divided into blocks and each pixel of the block is giv-
en a same value equal to the minimum depth of the
pixels of said block or to the mean value of the depth
of the pixels of the block.

A method according to claim 5, wherein, prior to un-
dersampling said depth map, the depth map is divid-
ed into blocks and each pixel of the block is given a
same value equal to the minimum depth of the pixels
of said block or to the mean value of the depth of the
pixels of the block.
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A method according to claim 6 or 7, wherein said
blocks have a size equal to a multiple of an elemen-
tary block of 2x2 pixels.

A method according to any one of the preceding
claims, wherein said superimposition depth map is
entered into a portion of said frame not intended for
display.

A method according to any one of the preceding
claims, wherein said depth map is broken up into
blocks distributed in areas of said frame (C) which
are not occupied by said three-dimensional content.

A method according to any one of the preceding
claims, wherein said frame comprises a right image,
a leftimage and said depth map, wherein said depth
map is broken up into blocks distributed in regions
ofthe frame (C) which are not occupied by said three-
dimensional content, and wherein said frame (C) is
coded according to the H.264 coding standard.

A method according to any one of claims 1 to 9,
wherein said three-dimensional content comprises
a two-dimensional image and information which al-
lows to rebuild the other image of a stereoscopic
pair, and wherein said superimposition depth map
is entered into a portion of the two-dimensional im-
age.

A method according to any one of claims 1 to 12,
wherein said frame comprises a flag adapted to in-
dicate to the receiver the position of said superim-
position depth map within said frame.

A method according to any one of claims 1 to 13,
wherein said video stream comprises a flag adapted
to indicate to the receiver the position of said super-
imposition depth map within said frame, said flag be-
ing external to said frame.

A device for reproducing three-dimensional content,
comprising means adapted to receive avideo stream
containing three-dimensional content,

means adapted to combine an image with said three-
dimensional content,

characterized in that said means adapted to com-
bine an image with said three-dimensional content
are adapted to implement a method according to any
one of claims 1 to 14, and comprise means for ex-
tracting said superimposition depth map and for
combining said image to be superimposed on the
three-dimensional content, based on a depth de-
pending on said superimposition depth map.

A stereoscopic video stream (1101) comprising a
plurality of frames and characterized in that said
frames comprise atleastone three-dimensional con-
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tent and at least one superimposition depth map
(DM, DM’) inserted as an image within each frame
of said plurality of frames, said superimposition
depth map (DM, DM’) being a depth map for super-
imposing images on said three-dimensional content,
said superimposition being made in a position in
depth depending on said superimposition depth
map, and comprising a smaller number of pixels than
that of a two-dimensional image associated with said
three-dimensional content, said stereoscopic video
stream being adapted to be used in a method ac-
cording to any one of claims 1 to 14.

Patentanspriiche

1.

Verfahren zum Uberlagern von Bildern auf einem
dreidimensionalen Inhalt, wobei ein Videostrom
empfangen wird, der den dreidimensionalen Inhalt
und eine Tiefenkarte (DM, DM’) zum Uberlagern von
Bildern auf dem dreidimensionalen Inhalt umfasst,
wobei die Tiefenkarte (DM, DM’) eine Information
Uber die Tiefe des dreidimensionalen Inhalts bein-
haltet und als ein Bild in einem Rahmen (C) des Vi-
deostroms eingefugt wird,

wobei das Verfahren gekennzeichnet ist durch ein
Nutzen der Tiefenkarte (DM, DM’) in der Wiederga-
bephase nur fiir die Uberlagerung von Bildern auf
dem dreidimensionalen Inhalt, wobei die Uberlage-
rung in einer Position in der Tiefe erfolgt, die von der
Uberlagerungstiefenkarte (DM, DM’) abhangt,

und wobei die Tiefenkarte (DM, DM’) eine kleinere
Anzahl von Pixeln aufweist als diejenige eines zwei-
dimensionalen Bildes, das in dem Rahmen (C) ent-
halten ist und mit dem dreidimensionalen Inhalt as-
soziiert ist.

Verfahren nach Anspruch 1, wobei die Uberlage-
rungstiefenkarte nur eine Information tber die Tiefe
von Pixeln beinhaltet, die in der unteren Halfte, be-
vorzugt in dem unteren Drittel, des dreidimensiona-
len Inhalts gelegen sind.

Verfahren nach Anspruch 1 oder 2, wobei die Uber-
lagerungstiefenkarte eine ungleichformige Auflo-
sung aufweist, wobei insbesondere die untere Halfte
oder das untere Drittel der Tiefenkarte eine héhere
Auflosung aufweist als der obere Teil.

Verfahren nach Anspruch 1 oder 2 oder 3, wobei die
Uberlagerungstiefenkarte eine geringere Auflésung
aufweist als ein zweidimensionales Bild, das mitdem
dreidimensionalen Inhalt assoziiert ist.

Verfahren nach Anspruch 4, wobei der dreidimensi-
onale Inhalt ein Bild ist, das aus einer Mehrzahl von
Pixeln besteht, und wobei die Tiefenkarte durch ein
Unterabtasten einer Tiefenkarte erhalten wird, deren
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10.

1.

12.

13.

14.

Elemente zu der Tiefe der Pixel des dreidimensio-
nalen Inhalts korrespondieren.

Verfahren nach Anspruch 5, wobei, nach dem Un-
terabtasten der Tiefenkarte, die unterabgetastete
Tiefenkarte in Blocke aufgeteilt wird und jedem Pixel
des Blocks ein selber Wert gegeben wird, der gleich
der minimalen Tiefe der Pixel des Blocks oder dem
mittleren Wert der Tiefe der Pixel des Blocks ist.

Verfahren nach Anspruch 5, wobei, vor dem Unter-
abtasten der Tiefenkarte, die Tiefenkarte in Blocke
unterteilt wird und jedem Pixel des Blocks ein selber
Wert gegeben wird, der gleich der minimalen Tiefe
der Pixel des Blocks oder dem mittleren Wert der
Tiefe der Pixel des Blocks ist.

Verfahren nach Anspruch 6 oder 7, wobei die Blocke
eine Grolke aufweisen, die gleich einem Mehrfachen
eines elementaren Blocks von 2x2 Pixeln ist.

Verfahren nach einem der vorangegangen Anspri-
che, wobei die Uberlagerungstiefenkarte in einen
Teil des Rahmens eingefligt wird, der nicht zur An-
zeige vorgesehen ist.

Verfahren nach einem der vorangegangenen An-
spriiche, wobei die Tiefenkarte in Blocke aufgeteilt
wird, die Uber Bereiche des Rahmens (C) verteilt
sind, welche nicht durch den dreidimensionalen In-
halt belegt sind.

Verfahren nach einem der vorangegangen Ansprii-
che, wobei der Rahmen ein rechtes Bild, ein linkes
Bild und eine Tiefenkarte umfasst, wobei die Tiefen-
karte in Blocke aufgeteilt wird, die in Regionen des
Rahmens (C) verteilt sind, welche nicht durch den
dreidimensionalen Inhalt belegt sind, und wobei der
Rahmen (C) gemal dem H.264-Kodierstandard ko-
diert wird.

Verfahren nach einem der Anspriiche 1 bis 9, wobei
der dreidimensionale Inhalt ein zweidimensionales
Bild und eine Information umfasst, die es erlaubt,
das andere Bild eines stereoskopischen Paares wie-
derherzustellen, und wobei die Uberlagerungstie-
fenkarte in einen Abschnitt des zweidimensionalen
Bildes eingeflgt wird.

Verfahren nach einem der Anspriiche 1 bis 12, wobei
der Rahmen ein Flag umfasst, das angepasst ist,
dem Empfanger die Position der Uberlagerungstie-
fenkarte in dem Rahmen anzuzeigen.

Verfahren nach einem der Anspriiche 1 bis 13, wobei
der Videostrom ein Flag umfasst, das angepasst ist,
dem Empfanger die Position der Uberlagerungstie-
fenkarte in dem Rahmen anzuzeigen, wobei das
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Flag extern zu dem Rahmen ist.

15. Gerat zum Reproduzieren eines dreidimensionalen

Inhalts, umfassend:

Mittel, die angepasst sind, einen Videostrom zu
empfangen, der einen dreidimensionalen Inhalt
beinhaltet,

Mittel, die angepasst sind, ein Bild mitdem drei-
dimensionalen Inhalt zu kombinieren,
dadurch gekennzeichnet, dass die Mittel, die
angepasst sind, ein Bild mit dem dreidimensio-
nalen Inhalt zu kombinieren, angepasst sind, ein
Verfahren nach einem der Anspriiche 1 bis 14
zu implementieren, und Mittel zum Extrahieren
der Uberlagerungstiefenkarte und zum Kombi-
nieren des auf dem dreidimensionalen Inhalt zu
Uiberlagernden Bildes basierend auf einer Tiefe,
die von der Uberlagerungstiefenkarte abhangt,
umfasst.

16. StereoskopischerVideostrom (1101), umfassend ei-

ne Mehrzahl von Rahmen und dadurch gekenn-
zeichnet, dass die Rahmen zumindest einen drei-
dimensionalen Inhalt und zumindest eine Uberlage-
rungstiefenkarte (DM, DM’), die als ein Bild in jeden
Rahmen der Mehrzahl von Rahmen eingefiigt ist,
umfassen, wobeidie Uberlagerungstiefenkarte (DM,
DM’ eine Tiefenkarte zum Uberlagern von Bildern
auf dem dreidimensionalen Inhalt ist, wobei die
Uberlagerung in einer Position in der Tiefe erfolgt,
die von der Uberlagerungstiefenkarte abhangt, und
eine kleinere Anzahlvon Pixeln umfasstals diejenige
eines zweidimensionalen Bildes, das mit dem drei-
dimensionalen Inhalt assoziiert ist, wobei der stere-
oskopische Videostrom angepasstist, in einem Ver-
fahren nach einem der Anspriiche 1 bis 14 genutzt
zu werden.

Revendications

Procédé de superposition d’images sur un contenu
tridimensionnel, dans lequel un flux vidéo est recu,
lequel comprend ledit contenu tridimensionnel et
une carte de profondeur (DM, DM’) permettant de
superposer des images sur ledit contenu tridimen-
sionnel, ladite carte de profondeur (DM, DM’) con-
tenant des informations a propos de la profondeur
dudit contenu tridimensionnel, et étant insérée en
tant qu'image dans une trame (C) dudit flux vidéo,
le procédé étantcaractérisé par/'utilisationde ladite
carte de profondeur (DM, DM’) dans la phase de
lecture uniquement pour la superposition d’images
audit contenu tridimensionnel, ladite superposition
étant faite dans une position dans la profondeur en
fonction de ladite carte de profondeur de superposi-
tion (DM, DM’),
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et en ce que ladite carte de profondeur (DM, DM’) a
un plus petit nombre de pixels que celui d’'une image
bidimensionnelle incluse dans ladite trame (C) et as-
sociée audit contenu tridimensionnel.

Procédé selon la revendication 1, dans lequel ladite
carte de profondeur de superposition ne contient que
des informations a propos de la profondeur des
pixels situés dans la moitié inférieure, de préférence
dans le tiers inférieur, dudit contenu tridimensionnel.

Procédé selon la revendication 1 ou 2, dans lequel
ladite carte de profondeur de superposition a une
résolution non uniforme, en particulier la moitié ou
le tiers inférieur de ladite carte de profondeur a une
résolution plus élevée que la partie supérieure.

Procédé selon larevendication 1,2 ou 3,dans lequel
ladite carte de profondeur de superposition a une
résolution inférieure a une image bidimensionnelle
associée audit contenu tridimensionnel.

Procédé selon la revendication 4, dans lequel ledit
contenu tridimensionnel est une image constituée
d’une pluralité de pixels, et dans lequel ladite carte
de profondeur est obtenue en sous-échantillonnant
une carte de profondeur dont les éléments corres-
pondent a la profondeur des pixels dudit contenu
tridimensionnel.

Procédé selon larevendication 5, dans lequel, aprés
le sous-échantillonnage de ladite carte de profon-
deur, la carte sous-échantillonnée est divisée en
blocs et chaque pixel du bloc se voit donner une
méme valeur égale a la profondeur minimale des
pixels dudit bloc ou a la valeur moyenne de la pro-
fondeur des pixels du bloc.

Procédé selon larevendication 5, dans lequel, avant
le sous-échantillonnage de ladite carte de profon-
deur, la carte de profondeur est divisée en blocs et
chaque pixeldublocse voitdonner une méme valeur
égale a la profondeur minimale des pixels dudit bloc
ou a la valeur moyenne de la profondeur des pixels
du bloc.

Procédé selon la revendication 6 ou 7, dans lequel
lesdits blocs ont une taille égale a un multiple d’un
bloc élémentaire de 2 x 2 pixels.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel ladite carte de profondeur
de superposition est entrée dans une portion de la-
dite trame non destinée a I'affichage.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel ladite carte de profondeur
est scindée en blocs répartis dans des zones de la-
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dite trame (C) qui ne sont pas occupées par ledit
contenu tridimensionnel.

Procédé selon 'une quelconque des revendications
précédentes, danslequel ladite trame comprend une
image droite, une image gauche et ladite carte de
profondeur, dans lequel ladite carte de profondeur
est scindée en blocs répartis dans des régions de la
trame (C) qui ne sont pas occupées par ledit contenu
tridimensionnel, et dans lequel ladite trame (C) est
codée selon la norme de codage H.264.

Procédé selon 'une quelconque des revendications
129, dans lequel ledit contenu tridimensionnel com-
prend une image bidimensionnelle et des informa-
tions qui permettent de reconstruire 'autre image
d’une paire stéréoscopique, etdanslequel ladite car-
te de profondeur de superposition est entrée dans
une portion de I'image bidimensionnelle.

Procédé selon 'une quelconque des revendications
1 a 12, dans lequel ladite trame comprend un dra-
peau adapté pour indiquer au récepteur la position
de ladite carte de profondeur de superposition au
sein de ladite trame.

Procédé selon 'une quelconque des revendications
1213, dans lequel ledit flux vidéo comprend un dra-
peau adapté pour indiquer au récepteur la position
de ladite carte de profondeur de superposition au
sein de ladite trame, ledit drapeau étant externe a
ladite trame.

Dispositif de reproduction de contenu tridimension-
nel, comprenant des moyens adaptés pour recevoir
un flux vidéo contenant un contenu tridimensionnel,
des moyens adaptés pour combiner une image avec
ledit contenu tridimensionnel, caractérisé en ce
que lesdits moyens adaptés pour combiner une ima-
ge avec ledit contenu tridimensionnel sont adaptés
pour implémenter un procédé selon I'une quelcon-
que des revendications 1 a 14, et comprennent des
moyens permettant d’extraire ladite carte de profon-
deur de superposition et de combiner ladite image
a superposer sur le contenu tridimensionnel en se
basant sur une profondeur en fonction de ladite carte
de profondeur de superposition.

Flux vidéo stéréoscopique (1101) comprenant une
pluralité de trames et caractérisé en ce que lesdites
trames comprennent au moins un contenu tridimen-
sionnel et au moins une carte de profondeur de su-
perposition (DM, DM’) insérée en tant qu'image au
sein de chaque trame de ladite pluralité de trames,
ladite carte de profondeur de superposition (DM,
DM’) étant une carte de profondeur permettant de
superposer des images sur ledit contenu tridimen-
sionnel, ladite superposition étant faite dans une po-
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sition dans la profondeur en fonction de ladite carte
de profondeur de superposition, et comprenant un
plus petit nombre de pixels que celui d’'une image
bidimensionnelle associée audit contenu tridimen-
sionnel, ledit flux vidéo stéréoscopique étant adapté
pour étre utilisé dans un procédé selon 'une quel-
conque des revendications 1 a 14.
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Fig. 14d

Fig. 14f
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