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MULTI OBJECT SURFACE IMAGE (MOSI) FORMAT

FIELD OF THE INVENTION
The invention relates to the ficld of multi-view image formats. In particular, the invention

relates to the processing and rendering of a format for multi-view image frame data.

BACKGROUND OF THE INVENTION

Existing approaches that render from multi-view image with depth combine the warped
textures from multiple source view (capture) cameras using blending. The blending operation can depend
on variables such as source and target camera position/orientation (¢.g. ray angle differences), depth
magnitude, depth variation, de-occlusion, transparency and color. Some techniques even use a trained
convolutional neural network to align textures in the target viewpoint. There are several formats for
storing multi-view images.

Multi Plane Image (MPI) and Multi Sphere Image (MS]) techniques construct color and
transparency for a predefined set of planes or spheres in 3D space. For a new virtual viewpoint, the image
is then constructed using back-to-front over-compositing of the layers.

Recently, MPI and MSI have become popular as 3D image formats for representing
multi-view video. The MPI and MSI formats consists of multiple colored images with transparency
positioned at varying depth (planes) or distances (spheres) from a point. When creating a new virtual
viewpoint, the colored layers are shifted with respect to each other and the colors are then composited
together.

While the MPI and MSI formats seem suitable for representing multi-view video, some
problems remain. For example, the formats typically consist of many (> 100) frame size RGBA (i.e. color
and transparency) depth layers thereby automatically expanding the original multi-view captured pixel
data related size rather than reducing the pixel data related size. Hence, a specific data rate reduction step
will be needed to make real-time streaming possible.

JP 2019046077 A discloses a video synthesizing apparatus capable of synthesizing free
viewpoint video with less calculation amount with less memory resources in a computer by setting a

plurality of surfaces having an orientation according to a designated viewpoint orientation.

SUMMARY OF THE INVENTION
Both MPI and MSI formats place layers at pre-determined and fixed positions
irrespective of the observed scene. Moreover, these layers are typically spread out in a uniform fashion

over space (sometimes denser close to the capture system than further away from the capture system). In
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practice, the placement of layers everywhere is likely to cause the introduction of ghost objects. For
instance, recent works show that MPI is over-parameterized for real scenes that consist of large areas of
empty space. The suggested solution for this problem is enforcing sparsity on the layers. However,
enforcing sparsity on the layers may reduce the visual quality of objects in the scene.

The invention is defined by the claims.

According to examples in accordance with an aspect of the invention, there is provided a
method for processing multi-view image data, the method comprising:

obtaining source view data from a plurality of sensors, the source view data containing
source texture data and source depth data of a scene with two or more objects;

obtaining the position of two or more of the objects in the scene; and

generating two or more stacks of layers in a virtual scene for at least two of the objects,
wherein:

cach stack of layers corresponds to a different object,

the position of each stack of layers in the virtual scene is based on the position
of the corresponding object in the scene; and

generating each stack of layers comprises generating a plurality of layers,
wherein each layer comprises texture data and transparency data for the corresponding object.

Typically, layered approaches to multi-view images use layers (planes) spaced out in the
virtual scene. The spacing of the layers is usually constant or based on the distance from a target
viewpoint. However, the inventors have realized that these formats use a large amount of data to store and
transmit and thus may not always be suitable (¢.g. particularly for real-time broadcasting). For example,
most layers would have a significant number of pixels with 100% transparency and would thus not
contain any useful data of any of the objects whilst still having to be stored.

Thus, the inventors propose generating a stack of layers for each object but having the
stack of layers positioned in the virtual scene where the object would be in the scene. In this way, layers
are mostly positioned by (or near) objects and the number of pixels with 100% transparency can be
significantly reduced. This is possible from obtaining the positions of the objects in the scene.

The positions of the objects could be obtained from a segmentation of the source texture
data and/or the source depth data. Trained machine learning algorithms could also be used to detect the
positions of the objects. Other methods for obtaining the positions of the objects will be known to a
person skilled in the art. For example, in a soccer match, the position of the soccer field and the stadium
could be obtained from a user-generated 3D model and the position of the players and the ball could be
obtained from object detection algorithms.

Alternatively, the objects could be generated in a scene by a graphics engine and the
position of the object would thus be known from where the object was generated in the scene by the

graphics engine.
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The position of a stack of layers could be defined, for example, by a 3D coordinate
defining the center of the stack of layers and the size and/or geometry of the stack. Alternatively, the
position of a stack of layers can be defined by an arbitrary pixel of an arbitrary layer in the stack of layers,
the number of layers and the spacing of the layers. Each pixel in a layer could have an RGBA (i.e. color
and transparency).

Some thin or semi-transparent objects (¢.g. the soccer goal net) may be better represented
(i.e. resulting in higher image quality) as transparent layers than as a textured mesh or a blend of multiple
warped textures from a multi-view with depth format. This could then result in an overall system where
the different formats (e.g. mesh, multi-view with depth and MOSI) are spatially combined to describe a
scene. Note that at least the relevant texture/depth map and alpha map data may be packed together in a
single video file for transmission. In such a hybrid format scenario, the metadata could indicate what is
where in the packed video texture atlas.

The particular format relating to the stacks of layers representing objects in their
respective positions may be referred to as the Multi Object Surface Imaging (MOSI) format.

The orientation of the stack of layers in the virtual scene may be based on one or more of:
the position of the corresponding object in the scene, the orientation of the corresponding object in the
scene, the geometry of the corresponding object, a-priori knowledge of the corresponding object, the
position of one or more of the plurality of sensors, the orientation of one or more of the plurality of
sensors and the position of an intended viewing zone.

The orientation of the object could be measured from the source view data (i.e. position,
orientation and/or geometry of object). For example, for elongated objects, the layers in the stack may be
generated parallel (or close to parallel) to an axis defined by the elongated object.

Alternatively, the orientation of an object may already be known. For example, the
orientation of a soccer field will always be known from any viewpoint as it does not change.

If the scene (and objects in the scene) are generated by a graphics engine, the position,
geometry and orientation of the object (or sensors) could be obtained from the graphics engine.

In case the layers in a stack of layers are planar, the plane orientations may be selected
such that they have their normal parallel to the mean viewing direction of a viewing zone.

The intended viewing zone may be in a six degrees of freedom (6DoF) region (i.c.
position and orientation) in which a viewer is supposed to move (and get acceptable image quality). It
relates to the sensor capture configuration which is designed to capture a given viewing zone (i.c.
dependent on the number of cameras, field-of-view, position/orientation).

The shape of the layers corresponding to a stack of layers may be based on one or more
of’ the position of the corresponding object in the scene, the orientation of the corresponding object in the
scene, the geometry of the corresponding object and a-priori knowledge of the corresponding object.

The shape of the stack of layers may be spherical, cylindrical or rectangular for example.

The shape of the stack may be based on the shape of the layers which make up the stack. The layers may
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be a cylindrical shell, a spherical shell or a plane depending on the shape of the corresponding stack of
layers. For example, a soccer ball may benefit from spherical layers in the corresponding stack whereas a
soccer field may benefit from planar layers in the corresponding stack.

In a purely graphics engine based workflow, the shape of the layers could consist of
shrunk or expanded object surfaces where these have shrunk or expanded along the normal vector of the
true surface geometry. A graphics engine render/export script could then generate the MOSI format for
the object.

Obtaining the position of one or more objects in the scene may be based on obtaining a
background model of the scene containing background depth data of the background of the scene, thereby
containing the position of the background, subtracting the background depth data from the source depth
data, detecting foreground objects in the subtracted data and determining a position of the foreground
objects in the virtual scene, wherein the position of the objects is based on the position of the background
and the position of the foreground objects.

The method may further comprise generating one or more additional stacks of layers for
one or more of the objects thereby to make the objects fully visible when viewed from any point in a
target viewing space using at least one of the stack of layers or the additional stacks of layers, wherein an
additional stack of layers for a first object has a different orientation to the stack of the layers for the first
object and wherein a target viewing space defines a sub-space in the virtual scene from which a viewer
can view the virtual scene.

Depending on the shape of the stack of layers, rendering the texture data of the layers
may create artefacts which may prevent the object from being fully visible when viewed from certain
angles. For example, if planar layers are viewed from an axis parallel to the planar layers, the full texture
data of the layers might not be visible to the viewer. Similarly, if a cylindrical layer is viewed from above
the texture data might not be fully visible.

Thus, a target viewing space can be defined from which a viewer could view the virtual
scene. If the texture data of the layers in a stack of layers is not visible from one or more points in the
target viewing space, additional stacks of layers can be generated for the corresponding object (e.g.
different orientation and/or shape) such that the object will always be visible without artefacts within the
target viewing space. An additional stack of layers will have a different orientation to the “original” stack
of layers for the same objects. For example, the layers in the additional stack of layers may be orthogonal
or almost orthogonal (¢.g. between 70 and 110 degrees) to the layers in the stack of layers.

A first stack of layers, corresponding to a first object, may be generated such that the
layers in the first stack of layers intersect the layers in a second stack of layers corresponding to a second,
different, object (¢.g. a background object).

If a stack of layers representing a soccer player is not intersecting a stack of layers
representing a soccer field, when the virtual scene is viewed from certain angles the soccer player may

look like he is floating above the soccer field. Thus, intersecting both stacks of layers ensures the virtual
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scene does not look “unnatural”. The sections of the layers which intersect may, for example, be blended
when being rendered.

The method may further comprise receiving a data allocation for each known object in a
set of known objects and storing the layers in a stack of layers for the known object at a first resolution
and/or first frame rate based on the data allocation for the known object.

When broadcasting multi-view image frames, there is typically a limit to the size of each
frame based on the type of network used for broadcasting (e.g. 4G, 5G etc.). Thus, a data allocation can
be given to each object in order to ensure that all objects can fit within the limit of the network.

For example, each layer for a background object (e.g. soccer field) can be stored in an 8k
frame with a relatively low frame rate (e.g. 10 fps) whereas a foreground object (e.g. soccer ball) can be
stored in a 4k frame with a relatively high frame rate (e.g. 30 fps).

The method may further comprise generating metadata for the stacks of layers, the
metadata containing one or more of: the position of the stack of layers, the orientation of the stack of
layers, the number of layers in the stack of layers, the spacing between layers, the type and/or shape of the
layers and the dynamics of the stack of layers.

Additionally, the spacing between layers may be a function of the position of the stack of
layers.

The dynamics of a stack of layers refers to any temporal coding of the stack. For
example, the global position or orientation of the stack of layers may change over time. Alternatively, the
spacing of the stack or number of layers in the stack may change over time when, for example, an object
moves further away from the average viewing position and thus less look-around effect needs to be
modelled.

The source texture data may comprise a plurality of source view images and wherein
generating the texture data and transparency data for a layer is based on the texture data from the source
view images.

Generating texture data and transparency data from source view images will be known to
a person skilled in the art. For example, generating the texture data and transparency data comprises
projecting each source view image onto the virtual scene, wherein each source pixel in the source view
image has a corresponding position in the virtual scene. For each one of the layers, it further comprises
determining for each source pixel in each source view image: a proximal pixel being the pixel in the layer
closest to the source pixel in the virtual scene, a source to layer distance between the proximal pixel and
the source pixel, and a weight based on the source to layer distance. A target color value can be generated
for each layer pixel in the layer based on the weights corresponding to the layer pixel and a source color
value of each one of the source pixels used to find the source to layer distances for the corresponding
layer pixel.

Alternatively, the weight may be determined based on the angle between a vector from

the source camera to the source pixel and a vector that lies orthogonal to the target plane and intersects it
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in the target pixel (i.e. the target plane essentially corresponds with a parallel projection instead of a
perspective projection).

Finding the texture and transparency data for a layer can be done for each pixel in the
layer based on the source view images. Each source view image is projected onto the virtual scene and the
closest pixel in a layer (i.e. proximal pixel) to each pixel of each source view image is found (i.e. source
pixels). The distance between a source pixel and the corresponding proximal layer pixel gives an estimate
of the importance/weight of the source pixel’s contribution to the layer pixel. For example, the source
pixels which are far from the layer are less likely to contain a color value relevant to a pixel for the layer
whereas closer source pixels are likely to be more relevant.

The distance (i.e. source to layer distance) between a source pixel and the corresponding
proximal pixel in a given layer can be used to determine a weight. The weight can then be used to
generate a target color value for the target pixel by, for example, weighting the color of each source pixel
with the corresponding weight and finding the sum of the weighted source color values. Alternatively, the
source view pixel with the highest weight value is used for the color of the layer pixel. Other alternative
sampling schemes may also be adopted.

The source view data may comprise texture images of the scene and the source texture
data and the source depth data may be obtained by performing depth estimation on the texture images.

The invention also provides a method for rendering multi-view image data depicting a
scene with two or more objects, the method comprising:

receiving two or more stacks of layers for a virtual scene, wherein:

cach stack of layers corresponds to a different object,

the position of each stack of layers in the virtual scene is based on the position
of the corresponding object in the scene, and

cach stack of layers comprises a plurality of layers, wherein each layer
comprises texture data and transparency data for the corresponding object;

receiving a target viewpoint within the virtual scene; and

rendering the stacks of layers based on the target viewpoint.

The method may further comprise sorting the stacks of layers based on the distance
between the position of the stacks of layers and the position of the target viewpoint in the virtual scene.

Rendering the stacks of layers may be performed in decreasing order of the distance from
cach stack of layers to the target viewpoint and wherein rendering the layers in each stack of layers is in
decreasing order based on the distance between the position of each layer and the position of the target
viewpoint.

The invention also provides a computer program product comprising computer program
code means which, when executed on a computing device having a processing system, cause the
processing system to perform all of the steps of the afore-mentioned methods of processing and rendering

multi-view data. A processor is also provided to execute the code.
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The invention also provides a bitstream containing multi-view image frame data depicting
a scene with two or more objects, the bitstream comprising a video bitstream, wherein the video bitstream
includes two or more stacks of layers in a virtual scene for at least two repective objects in the scene and
wherein:
cach stack of layers corresponds to a different object,
the position of each stack of layers in the virtual scene is based on the position
of the respective object in the scene, and
cach stack of layers comprises a plurality of layers, wherein each layer
comprises texture data and transparency data for the corresponding object.
These and other aspects of the invention will be apparent from and ¢lucidated with

reference to the embodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, and to show more clearly how it may be
carried into effect, reference will now be made, by way of example only, to the accompanying drawings,
in which:

Fig. 1 shows an illustration of the MPI and MSI formats;

Fig. 2 shows an illustration of the multi object surface image (MOSI) format;

Fig. 3 shows two stacks of layers intersecting;

Fig. 4 shows a scene with two stacks of layers and an additional stack of layers; and

Fig. 5 shows an example of a MOSI format where all the layers are parallel.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The invention will be described with reference to the Figures.

It should be understood that the detailed description and specific examples, while
indicating exemplary embodiments of the apparatus, systems and methods, are intended for purposes of
illustration only and are not intended to limit the scope of the invention. These and other features, aspects,
and advantages of the apparatus, systems and methods of the present invention will become better
understood from the following description, appended claims, and accompanying drawings. It should be
understood that the Figures are merely schematic and are not drawn to scale. It should also be understood
that the same reference numerals are used throughout the Figures to indicate the same or similar parts.

The invention provides a method for processing multi-view image data. The method
comprises obtaining source view data from a plurality of sensors, the source view data containing source
texture data and source depth data of a scene with one or more objects. The positions of one or more of
the objects in the scene are obtained and a stack of layers is generated in a virtual scene for at least one of

the objects, wherein the position of a stack of layers in the virtual scene is based on the position of the
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corresponding object in the scene. Generating a stack of layers comprises generating a plurality of layers,
wherein each layer comprises texture data and transparency data for the corresponding object.

Fig. 1 shows an illustration of the MPI and MSI formats. Fig. 1 (a) shows an illustration
of the layers 102 in an MPI format. In this example, the layers 102 are spaced out relative to how far
away they are from the viewpoint 104, The layers 102 for MPI are planes parallel to each other containing
RGBA (i.c. color and transparency) data for each pixel and the spacing between each layer 102 is defined
with respect to the depth from the viewpoint (i.e. the z direction).

Fig. 1 (b) shows an illustration of the layers 102 in an MSI format. Similarly to the MPI
format, the layers 102 are spaced out relative to how far away they are from the center viewpoint 106.
The layers 102 are spherical in shape and with as center viewpoint 106, where the spacing of the layers
102 is defined relative to the radius (in the r direction) of the previous closer layer 102, for example.

Alternatively, the layers 102 in Fig. 1 (a) and/or Fig. 1 (b) could have a constant or
arbitrary spacing.

Reference numbers are not provided for all layers 102 in any of the figures in order to
reduce the complexity of the figures.

Fig. 2 shows an illustration of the multi object surface image (MOSI) format. Four stacks
of layers 202 are shown in Fig. 2 corresponding to four different objects. Stack 202a corresponds the
background of the scene, stack 202b corresponds to the ground of a scene and stacks 202¢ and 202d
correspond to two objects standing on the ground.

The background and ground stacks 202a and 202b are planar stacks with three layers 102
cach. The number of layers 102 per stack 202 may depend on the processing systems used, and/or the
intended use of the MOSI format. Three layers 102 are shown in Fig. 2 purely for illustrative purposes.

The stack 202¢ corresponds to an object on the ground (e.g. soccer player on a soccer
field) and is a cylindrical stack. The layers 102 in stack 202¢ are hollow cylinders. The stack 202d also
corresponds to an object on the ground but the stack 202d is a planar stack where the layers 102 are
planes.

The choice of shape for the stacks 202 (e.g. planar, cylindrical or spherical) may depend
on the position of the object in the scene and/geometry of the corresponding object. For example, a stack
202 may have layers 202 with the shape of the surface of the object and thus the stack 202 would have the
shape of the object.

The position of each stack of layers 202 is directly related to the geometry of the scene. In
other words, the position of objects in a scene defines the position of the corresponding stack of layers
202 in a virtual scene.

The invention proposes to produce multi object surface images (MOSI) for a set of
objects in the scene. Instead of creating pre-defined depth layers 102 that are unrelated to the scene

geometry, the proposed MOSI format concentrates 3D surfaces (planes, cylinders, spheres) in stacks of
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layers 202 around the position where objects are actually located. In this way, prior knowledge about the
scene geometry is used. The MOSI format therefore adapts to the specific geometry of a captured scene.

The MOSI format is more compact in terms of pixel rate and ghost objects are unlikely to
occur far away from scene elements. This more compact MOSI format may also be faster when
synthesizing new views.

Similarly to the MPI and MSI formats, it is proposed to store RGBA data for each pixel
in the layers 102. However, the MOSI format creates multiple stacks of layers 202 that have different
locations in space corresponding to a-priori known locations where objects are in the scene. As with MPI
and MSI, a single layer 102 in MOSI also consists of color and transparency information.

For MPI and MSI, rendering from the format to produce the final image is done in back
to front order using alpha compositing with the so-called ‘over’ operator. For the proposed MOSI format,
this is also done within a stack 202, but not between stacks 202. In the MOSI format, a stack 202
corresponds to a given object in 3D space. Before rendering, stacks 202 may be sorted based on their
position relative to a viewpoint. Stacks 202 can then be drawn, one after the other, with decreasing depth
order from the viewpoint.

The following procedure describes a method for defining the geometric position of MOSI
stacks 202 starting from captured multi-view images. The example is for a typical sports scene as
captured from the side of the arena:

- Capture images with multiple cameras (¢.g. 16 cameras) from the side of a sports ficld;

- Perform plane fitting to determine the plane parameters of a ground surface and a
background;

- Place a first stack 202 with five layers 102 with a separation of ten centimeters in height
around the fitted ground plane surface;

- Create a second stack 202 with five layers with a separation of 5 meters at the average
distance of the background;

- Perform depth estimation for each view using image matching with neighbor views
thereby using the fitted ground and background models to constrain the resulting depth values;

- Subtract a depth map that contains the fitted ground surface background from the
estimated depth map and convert this to a binary foreground object mask using thresholding. The binary
mask may contain, for example, sports players and the ball;

- Detect a variable number of rectangles with a variable position using the binary mask;
and

- Create a variable number of further stacks 202 by placing five planes per object at the
average depth inside the rectangle spaced 20cm apart (covering the size of a player).

The depth estimation step between views may be omitted when a separate laser scanner

(or depth sensor) is added to the multi-camera setup to capture a 3D point cloud. In that case, the above
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algorithm will change in that the stacks of layers 202 will be placed at dense clusters of points in the point
cloud which correlate to objects in the scene.

Now that the stack of layers 202 for the MOSI format has been defined, the following
steps can be used to create an RGBA texture for each layer 102 in all stacks 202 using the captured multi-
view camera images (i.¢. source views) as input:

- Project all source views i onto all surfaces j (i.e. all layers) and calculate a per target
pixel weight w;; (u, v) that depends on the shortest distance of the 3D pixel position in source view i to
surface j. The smaller the distance, the larger the weight. For example:

wij (w,v) = e—k|xi(m,n)—x]-(u,v)|

where X;(m, n) is the 3D point position at source view image coordinate (m, n) derived from the depth
map of source i, X;(u, v) is the closest point that lies on target surface j, k is a constant parameters (¢.g.
with value 1/10) and (u, v) is the target texture coordinate that will contain the color and transparency
related to the texture for surface j;

- For all surfaces j, accumulate the weights per target texture coordinate (u, v) over all

SOurce views:
W sum (4 v) = )" Wiy ()
7

- For all surfaces j, accumulate the product of weight times color per target texture
coordinate (u, v) over all source views:
Cjsum(W V) = 2 c;j(w,v)
7
- For all surfaces j, calculate the final color value ¢;(u, v) for texture coordinate (u, v) as:

Cj,sum(u; v)

ci(u,v) =
IR Wj,sum(u; V)

- For all surfaces j, calculate the final transparency value @;(u, v) for texture coordinate
(u,v) as:

Wj sum (W, V)
aj(u,v) = T
where N; is the number of source views.

As an alternative to the above procedure, the weights w;; (w, v) may be calculated not
(only) on the basis of depth difference but on the basis of a more fundamental color match error term that
is calculated using the position of the surface j. More specifically, a 3D point that lics on surface j with
corresponding texture coordinate (u, v) may be mapped to the source views to retrieve N; color values.

The statistics of these color values can be used to calculate w;;(w, v). For instance, if for

a given source view i, the color difference varies much from the mean of the retrieved color values, then
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the weight w;; (u, v) is automatically set a relatively low value, the reason being that the 3D points X; is
likely occluded in the source view j. Other statistics, such as color variance or a general histogram of
colors may be used to determine w;;(u, v).

To further improve the quality of the MOSI format, deep learning can be applied to
generate color and/or transparency pixel values for the layers 102. In that case some form of ground truth
may be needed. This ground truth may come from a graphics engine that can directly produce the MOSI
format or a further render step may be taken to use the original source views themselves as ground truth.
The latter is possible since the render operation is a linear operation, hence differentiable, and thus
suitable for the backpropagation in a neural network.

Static stacks 202 can be hand-tuned in an editor to place these relative to static scene
objects such as such a sports ground, a goal or a stadium background.

Fig. 3 shows two stacks of layers 202 intersecting. Artefacts may arise due to the stacks
202 not intersecting. Thus, it may be advantageous for the stacks 202 to be placed such that they overlap.
The stacks 202 may intersect to avoid an object looking like it is floating on the ground.

For example, the ground surface of a soccer field may be rendered bottom to top using
over-compositing and then a vertically oriented stack (e.g. soccer player) may be rendered back to front
using over compositing. This approach requires no special blending of layers. A slight intersection of the
two stacks (¢.g. at least one pixel) may be needed just to avoid gaps.

Fig. 4 shows a scene with two stacks of layers 202 and an additional stack of layers 402.
The additional stack of layers 402 may be identical to the stack of layers 202¢ but rotated by 90 degrees
around the normal to the stack 202f. The stack 202f represents the ground in the scene and the stack 202¢
represents an object on the ground. The additional stack 402 represents the same object as 202¢ but the
layers 102 have a different orientation from the layers 102 in stack 202e.

For example, in some cases it may also be necessary to make some MOSI stacks 202
dependent on a target viewpoint 404. For instance, while the ground of a sport field represented by a
planar stack may be suitable for viewing all around, this is not the case for a sports player when
represented as a planar stack.

In Fig. 4 two target viewpoints 404a and 404b are shown. When a viewer is viewing the
scene from viewpoint 404a, the stack 202¢ may be used to show the corresponding object in the scene.
However, when a viewer is viewing the scene from viewpoint 404b, the stack 202¢ may not be suitable to
show corresponding object (¢.g. gaps between the layers 102 would be visible) but the additional stack
402 would be suitable.

Additional stacks 402 may be generated for different target viewpoints 404 and/or based
on a space within the scene from which a viewer can view the scene.

Fig. 5 shows an example of a MOSI format where all the layers 102 are parallel. Fig. 5
shows an irregular layer 102 spacing that adapts to the position of objects 502. Stacks of layers 202 are
placed at or near the depth of the objects 502. This form of the MOSI format is a modification of MPI that
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adapts to scene and object information. Variable layer spacing can be useful to account for uncertainties

in an object detection process.

Packing:

Due to the dependence on the scene geometry, the typical MOSI pixel data size (the total
number of pixels summed over texture maps with each texture map corresponding to one layer 102) will
be much less than what is needed for the MPI and MSI.

However, the RGBA pixel values for the layers 102 in all stacks 202 still need to be
packed into existing 2K, 4K or 8K frame sizes such that they can be compressed using a video encoder
such as HEVC.

A solution that has low computational cost is to define the packing format a-priori
depending on the scene that is being imaged. For instance, for a soccer game, the stack 202 corresponding
to the ground surface and the stack 202 corresponding to the stadium background may be packed into a
single 4K video frame where a lower frame rate is used to reduce the temporal pixel rate.

The soccer players on the other hand can be packed together into a second video where
the texture size of the maximum number of players (¢.g. 22) can vary such that players close to a target
viewpoint can be packed with a higher resolution. Some space can be reserved for unforeseen objects that
may enter the scene. Resolution scaling of the texture maps per stack 202 can be applied to always fit the
result without losing objects. Note that the above reasoning can often also be applied to other dynamic

events (e.g. other sport events).

Metadata:

For a client device to correctly interpret the packed video, metadata which describes the
geometric parameters of the MOSI stacks 202 may be needed in addition to the packing strategy that was
used.

In particular, the metadata for a single stack 202 may include one or more of:

- The position and/or orientation of the stack 202;

- The number of layers 102 in the stack 202;

- The spacing parameters for the layers 102 in the stack 202 (e.g. Regular - scalar distance
or Irregular - distance function);

- The type and/or shape of the stack 202 (¢.g. planar, spherical, cylindrical, custom, etc.);
and

- The dynamics of the stack 202 (i.e. the temporal parameters of stack).

The skilled person would be readily capable of developing a processor for carrying out
any herein described method. Thus, each step of a flow chart may represent a different action performed

by a processor, and may be performed by a respective module of the processing processor.
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As discussed above, the system makes use of processor to perform the data processing.
The processor can be implemented in numerous ways, with software and/or hardware, to perform the
various functions required. The processor typically employs one or more microprocessors that may be
programmed using software (€.g., microcode) to perform the required functions. The processor may be
implemented as a combination of dedicated hardware to perform some functions and one or more
programmed microprocessors and associated circuitry to perform other functions.

Examples of circuitry that may be employed in various embodiments of the present
disclosure include, but are not limited to, conventional microprocessors, application specific integrated
circuits (ASICs), and field-programmable gate arrays (FPGAs).

In various implementations, the processor may be associated with one or more storage
media such as volatile and non-volatile computer memory such as RAM, PROM, EPROM, and
EEPROM. The storage media may be encoded with one or more programs that, when executed on one or
more processors and/or controllers, perform the required functions. Various storage media may be fixed
within a processor or controller or may be transportable, such that the one or more programs stored
thereon can be loaded into a processor.

Variations to the disclosed embodiments can be understood and effected by those skilled
in the art in practicing the claimed invention, from a study of the drawings, the disclosure and the
appended claims. In the claims, the word "comprising" does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality.

A single processor or other unit may fulfill the functions of several items recited in the
claims.

The mere fact that certain measures are recited in mutually different dependent claims
does not indicate that a combination of these measures cannot be used to advantage.

A computer program may be stored/distributed on a suitable medium, such as an optical
storage medium or a solid-state medium supplied together with or as part of other hardware, but may also
be distributed in other forms, such as via the Intemet or other wired or wireless telecommunication
systems.

If the term "adapted to" is used in the claims or description, it is noted the term "adapted
to" is intended to be equivalent to the term "configured to".

Any reference signs in the claims should not be construed as limiting the scope.
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CLAIMS:
Claim 1. A method for processing multi-view image data, the method comprising:

obtaining source view data from a plurality of sensors, the source view data containing
source texture data and source depth data of a scene with two or more objects;
obtaining the position of at least two of the objects in the scene; and
generating two or more stacks of layers (202) in a virtual scene for the two or more
objects for which a position has been obtained, wherein:
cach stack of layers (202) corresponds to a different object,
the position of each stack of layers (202) in the virtual scene is based on the
position of the corresponding object in the scene; and
the generating of each stack of layers (202) comprises generating a plurality of
layers (102), wherein each layer (102) comprises texture data and transparency data for the corresponding

object.

Claim 2. The method of claim 1, wherein the orientation of the stacks of layers (202) in the virtual
scene is based on one or more of’

the position of the corresponding object in the scene;

the orientation of the corresponding object in the scene;

the geometry of the corresponding object;

a-priori knowledge of the corresponding object;

the position of one or more of the plurality of sensors;

the orientation of one or more of the plurality of sensors; and

the position of an intended viewing zone.

Claim 3. The method of any one of claims 1 or 2, wherein the shape of the layers (102)
corresponding to a stack of layers (202) is based on one or more of:

the position of the corresponding object in the scene;

the orientation of the corresponding object in the scene;

the geometry of the corresponding object; and

a-priori knowledge of the corresponding object.

Claim 4. The method of any one of claims 1 to 3, wherein obtaining the position of one or more
objects in the scene is based on:

obtaining a background model of the scene containing background depth data of the
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background of the scene, thereby containing the position of the background;
subtracting the background depth data from the source depth data;
detecting foreground objects in the subtracted data; and
determining a position of the foreground objects in the virtual scene, wherein the position

of the objects is based on the position of the background and the position of the foreground objects.

Claim 5. The method of any one of claims 1 to 4, further comprising generating one or more
additional stacks of layers (402) for one or more of the objects thereby to make the objects fully visible
when viewed from any point in a target viewing space using at least one of the stack of layers (202) or the
additional stacks of layers (402), wherein an additional stack of layers (402) for a first object has a
different orientation to the stack of the layers (202) for the first object and wherein a target viewing space

defines a sub-space in the virtual scene from which a viewer can view the virtual scene.

Claim 6. The method of any one of claims 1 to 5, wherein a first stack of layers, corresponding to a
first object, is generated such that the layers (102) in the first stack of layers intersect the layers (102) in a

second stack of layers corresponding to a second, different, object.

Claim 7. The method of any one of claims 1 to 6, further comprising:
receiving a data allocation for each known object in a set of known objects; and
storing the layers (102) in a stack of layers (202) for the known object at a first resolution

and/or first frame rate based on the data allocation for the known object.

Claim 8. The method of any one of claims 1 to 7, further comprising generating metadata for the
stacks of layers (202), the metadata containing one or more of’

the position of the stack of layers (202);

the orientation of the stack of layers (202);

the number of layers (102) in the stack of layers (202);

the spacing between layers (102);

the type and/or shape of the layers (102); and

the dynamics of the stack of layers (202).

Claim 9. The method of any one of claims 1 to 8, wherein the source texture data comprises a
plurality of source view images and wherein generating the texture data and transparency data for a layer

(102) is based on the texture data from the source view images.
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Claim 10. The method of any one of claims 1 to 9, wherein the source view data comprises texture
images of the scene and the source texture data and the source depth data is obtained by performing depth

estimation on the texture images.

Claim 11. A method for rendering multi-view image data depicting a scene with two or more
objects, the method comprising:
receiving two or more stacks of layers (202) for a virtual scene, wherein:
cach stack of layers (202) corresponds to a different object,
the position of each stack of layers (202) in the virtual scene is based on the
position of the corresponding object in the scene, and
cach stack of layers (202) comprises a plurality of layers (102), wherein each
layer (102) comprises texture data and transparency data for the corresponding object;
receiving a target viewpoint within the virtual scene; and

rendering the stacks of layers (202) based on the target viewpoint.

Claim 12. The method of claim 11, wherein rendering the stacks of layers (202) is performed in
decreasing order of the distance from each stack of layers (202) to the target viewpoint and wherein
rendering the layers (102) in each stack of layers (202) is in decreasing order based on the distance

between the position of each layer (102) and the position of the target viewpoint.

Claim 13. A computer program product comprising computer program code means which, when
executed on a computing device having a processing system, cause the processing system to perform all
of the steps of the method according to any one of claims 1 to 10 and/or all of the steps of the method

according to any one of claims 11 or 12.

Claim 14. A processor configured to execute the code of claim 13.

Claim 15. A bitstream containing multi-view image frame data depicting a scene with two or more
objects, the bitstream comprising a video bitstream, wherein the video bitstream includes two or more
stacks of layers (202) in a virtual scene for two or more respective objects in the scene and wherein:

the position of each stack of layers (202) in the virtual scene is based on the
position of the respective object in the scene, and

cach stack of layers (202) comprises a plurality of layers (102), wherein each

layer (102) comprises texture data and transparency data for the corresponding object.
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