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Method for encoding and decoding a point cloud

FIELD

The present application generally relates to compression of attributes of points of
a point cloud, preferably, the present application relates to a method of encoding
and decoding, as well as an encoder and decoder for improved coding of

attributes of a point cloud.

BACKGROUND

As an alternative to 3D meshes, 3D point clouds have recently emerged as a
popular representation of 3D media information. Use cases associated with point
cloud data are very diverse and include:

e 3D assets in movie production,

o 3D assets for real-time 3D immersive telepresence or VR applications,

¢ 3D free viewpoint video (for instance for sports viewing),

¢ Geographical Information Systems (cartography),

e Culture heritage (storage of fragile assets in digital form),

¢ Autonomous driving (large scale 3D mapping of environment) ...

A point cloud is a set of points in a 3D space, each with associated attributes, e.g.
color, material properties, etc. Point clouds can be used to reconstruct an object
or a scene as a composition of such points. They can be captured using multiple
cameras and depth sensors in various setups and may be made up of thousands

up to billions of points in order to realistically represent reconstructed scenes.

For each points of a point cloud, its position (usually an X, Y, Z information coded
as a floating point with 32 or 64 bits) and its attributes (usually at least an RGB
color coded in 24 bits) need to be stored. With sometimes billions of points in a
point cloud, one can easily understand that the raw data of a point cloud can be
several Gigabytes of data: hence, there is a strong need for compression
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technologies so as to reduce the amount of data required to represent a point
cloud.

Two different approaches were developed for point cloud compression:

First, in the Video based Point Cloud Compression (VPCC) approach, a point
cloud is compressed by performing multiple projections of it on the 3 different
axis X, Y, Z and on different depths so that all points are present in one projected
image. Then the projected images are processed into patches (to eliminate
redundancy) and re-arranged into a final picture where additional metadata is
used to translate pixels positions into point positions in space. The compression
is then performed using traditional image/video MPEG encoders. The advantage
of this approach is that it reuses existing coders and it naturally supports
dynamic point clouds (using video coders) but this is hardly usable for scarce
point clouds and it is expected that the compression gain would be higher with
point clouds dedicated methods.

Second, in the Geometry based Point Cloud Compression (GPCC) approach,
points positions (usually referred to as the geometry) and attributes (color,
transparency...) of the respective points are coded separately. In order to code
the geometry, an octree structure is used. The whole point cloud is fitted into a
cube which is continuously split into eight sub-cubes until each of the sub-cubes
contains only a single point. The position of the points is therefore replaced by a

tree of occupancy information at every node.

Attributes might be coded by Region-Adaptive Hierarchal Transform (RAHT).
RAHT is known for example from US 10,223,810 B2 and is a two-point transform
with respect to a hierarchy defined by the Morton codes of the voxel locations. It
is recursively performed on depths in the octree from bottom to top, e.g. from
the leaves of the octree to the root. At each depth in the tree, it loops on each
node. For each node, it loops on three direction. Therein, DC coefficients or high
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pass coefficients are kept for the next step while AC coefficients or low pass
coefficients are quantized and encoded into the bitstream.

It is an object of the present invention to provide an efficient encoding and
decoding method, as well as an encoder and decoder to provide improved
compression of attributes of a point cloud.

SUMARRY

In an aspect of the present disclosure, a method for encoding attributes of points
of a point cloud is provided to generate a bitstream of compressed point cloud
data, wherein the point cloud’s geometry is represented by a voxel-based
structure with a plurality of nodes having parent-child relationships by
recursively splitting a volumetric space containing the point cloud into
sub-volumes each associated with a node of the voxel-based structure,
comprising the steps:

Determining a true transform coefficient by applying Region-Adaptive Hierarchal
Transform (RAHT) to the attributes of a present node;

Determining a difference between the attributes of a present parent node and
each node of a first set of nodes sharing a face or an edge with the present node,
wherein the present parent node is the parent node of the present node;
Selecting a second set from the first set of parent nodes according to the
difference, wherein preferably the second set of parent nodes includes the
present parent node;

Determining a predicted value for the attributes of the present node according to
the attributes of the second set of parent nodes;

Determining a predicted transform coefficient by applying RAHT to the predicted
value of the attributes of the present node;

Determining a residual from the true transform coefficient and the predicted
transform coefficient; and

Encoding the residual to produce encoded data of attributes of the point cloud for
the bitstream.
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Therein, for encoding the present node to be encoded true transform coefficients
are determined by applying RAHT to the attributes of the present node. Further,
predicted values for the attributes of the present node to be decoded are
determined and RAHT is again applied to the predicted values to determine
predicted transform coefficients of the attributes of the present node.

From predicted transform coefficients and the true transform coefficients the
residual is determined, and the residual is included preferably by entropy
encoding into the bitstream to produce encoded data of attributes of the point.
Therein, for determining the predicted value of the attributes of the present node
a difference between the attributes of the parent node of the present node, being
denoted as present parent node, and each node of a first set of nodes, sharing a
face or an edge with the present node to be coded, are determined. Therein, the
set of nodes sharing a face or an edge with the present node contains always six
nodes. From the set of six nodes a second set is selected according to the
difference determined. Preferably, also the present parent node is included into
the second set. Thus, the second set may include one to seven parent nodes
(being at level D-1 in the tree structure) in order to predict the predicted value
for the attributes of the present node (being at the level D in the tree structure).
From the predicted value a predicted transform coefficient is determined by
applying RAHT, wherein the predicted transform coefficient is used to determine
the residual for the attribute of the present node.

Therein, the aforementioned steps are repeated from root to the leaves of the
tree for each occupied node in order to determine residuals for each occupied
node in the tree structure. The residuals are then encoded and preferably
entropy encoded into the bitstream.

Thus, for determining of the predicted value not always all parent nodes sharing
a face or an edge with the present node are considered. Only those parent nodes
in the first set of parent nodes are considered according to the difference of
attributes between each of the parent nodes of the first set of parent nodes and
the present parent node. Thus, not all parent nodes of the first set of parent
nodes and the present parent node need to be selected. As a consequence, an
improved prediction value can be determined, in particular, if significant
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variations in the parent nodes are present. Then, parent nodes deviating too
much from the true value of the attribute of the present node are excluded
according to the difference for predicting the predicted value.

Thus, the predicted value of the attribute of the present node is closer to the
original or true value of the attribute of the present node, thereby reducing the
residual. Hence, smaller residuals must be included into the bitstream enhancing
efficiency of the coding of the attribute.

Preferably, determining the difference between the attributes of the present
parent node and each node of the first set of nodes includes:

Determining the maximum difference among each of the parent nodes in the first
set of parent nodes and the present parent node to quantify homogeneity of
attributes across all nodes;

Providing a first threshold; and

If the maximum difference is smaller than the first threshold (i.e if attribute
values are quite homogeneous between all nodes), selecting all parent nodes of
the first set of parent nodes.

Thus, if the maximum difference among each of the parent nodes in the first set
of nodes and the present node is smaller than the provided first threshold, the
respective parent nodes appear to belong to homogenous region in the point
cloud and thus can all be selected to be in the second set and used for predicting
the predicted value of the attribute of the present node. Thus, in a homogenous
region of the point cloud, all parent nodes sharing a face or an edge with the
present node as well as the present parent node are used for predicting the

predicted value.

Preferably, determining the difference between the attributes of the present
parent node and each node of the first set of nodes includes:

Determining the difference between each of the parent nodes in the first set of
parent nodes and the present parent node to quantify the heterogeneity of
attribute values across all nodes;

Providing a second threshold; and
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Selecting parent nodes of the first set of parent nodes if the respective difference
is smaller than the second threshold.

Thus, for each node i in the first set of parent nodes a difference deltaAttr; is
determined and compared to the second threshold. If the difference for a specific
note i is smaller than the second threshold, this node is selected to be in the
second set and considered for predicting the predicted value of the attribute of
the present node. Hence, only those nodes are selected which do not differ too
much, i.e. more than by the given second threshold. Hence, in particular in an
inhomogeneous region of attributes in the point cloud, parent nodes having
deviating attributes are therefore excluded in determining the predicted value of
the attributes of the present node. Thereby, the deviation between the predicted
value and the true value of the attribute of the present node is reduced,
providing a more accurate predicted value and thereby reducing the residuals to
be coded into the bitstream.

Preferably, the first threshold is fixed and known by the encoder and decoder.
Alternatively or additionally, the second threshold is fixed. Thus, the first
threshold and/or the second threshold can be implemented in the encoder or
decoder and does not need to be coded into the bitstream.

Preferably, the first threshold is determined according to the distribution of the
attributes of the complete point cloud. Thus, for a more homogenous distribution
of the attributes within the point cloud, the first threshold may be lower.
Alternatively or additionally, the second threshold is determined according to the
distribution of the attributes within the complete point cloud. Therein, the first
threshold and/or the second threshold might be included into the bitstream for
each point cloud for example into the metadata. Thus, the first threshold and/or
the second threshold is fixed for the complete point cloud but may differ between

two subsequent point clouds.

Preferably, the first threshold and/or the second threshold are determined

according to the first set of parent nodes. Thus, for each of the present node an
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individual first threshold and/or individual second threshold can be determined
and thus adapted to the specific variation of attributes around the present node.
Therein, the first threshold and/or second threshold might be included into the
bitstream to be forwarded from the encoder to the decoder for decoding.

Preferably, the first threshold and/or the second threshold are determined
according to the first set of parent nodes and is inherited by all sub-nodes until
a different value for first threshold or second threshold is assigned to a subtree
of the first set of parent nodes. Thus, for each of the present node an individual
first threshold and/or individual second threshold can be determined and thus
adapted to the specific variation of attributes around the present node. Therein,
the first threshold and/or second threshold might be included into the bitstream
to be forwarded from the encoder to the decoder for decoding at the top of the
subtree it concerns or inherited (and therefore not included in the bitstream) for
nodes that are not at the top of such subtrees.

Preferably, the second threshold is a percentage of the first threshold. Thus, if
the first threshold is increased, the second threshold, being a percentage of the
first threshold, is increased accordingly. Therein, the percentage might be fixed,
determined according to the distribution of attributes within the complete point
cloud or determined according to the distribution of attributes within the first set
of parent nodes. Thus, either the first threshold or the second threshold is
included into the bitstream to be forwarded from the encoder to the decoder

together with the respective percentage.

Preferably, the first threshold and/or second threshold are determined according
to the ratio between the attributes of the present node and the attributes of
parent nodes of the first set of parent nodes. Therein, one of an average, a
maximum value, a minimum value of the attributes of the parent nodes of the
first set of parent nodes is determined and considered for the ratio. Alternatively,
the ratio between the attributes of the present node and each of the attributes of
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parent nodes of the first set of parent nodes is utilized for determining the first
threshold and/or the second threshold.

Preferably, the first threshold and/or the second threshold is included into the
bitstream.

Preferably, the first threshold and/or the second threshold is included into the
bitstream only at the top of at least one subtree of the voxel-based structure for
which the first and/or second thresholds shall be used and are inherited by all
nodes in the subtree for which there is no explicit signaling of another first or
second threshold. Thus, the first threshold and second threshold are only
included into the bitstream if updated and stay valid for the subtree as long as
not updated. If the first threshold and/or second threshold is updated by
signaling the first or second threshold in the bitstream, a new subtree starts with
the updated thresholds.

Preferably, the first threshold and second threshold are equal. Alternatively, the
first threshold and the second threshold are different.

In an aspect of the present disclosure, a method for decoding a bitstream of
compressed point cloud data is provided to generate attributes of points in a
reconstructed point cloud, wherein the point cloud’s geometry is represented by
an voxel-based structure with a plurality of nodes having parent-child
relationships by recursively splitting a volumetric space containing the point
cloud into sub-volumes each associated with a node of the voxel-bases structure,
comprising the steps:

Decoding a residual of attributes of a present node of the point cloud from the
bitstream;

Determining a difference between the attributes of a present parent node and
each node of a first set of nodes sharing a face or an edge with the present node,
wherein the present parent node is the parent node of the present node;
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Selecting a second set from the first set of parent nodes according to the
difference, wherein preferably the second set of parent nodes includes the
present parent node;

Determining a predicted value for the attributes of the present node according to
the attributes of the second set of parent nodes;

Determining a predicted transform coefficient by applying RAHT to the predicted
value of the attributes of the present node; and

Determining from the residual and the predicted transform coefficient the
attributes of the present node by applying an inverse RAHT.

Preferably, the method of decoding is further built according to the features
described above with respect to the method for encoding. These features can be
freely combined with the method of decoding.

In an aspect of the present disclosure, an encoder is provided for encoding a
point cloud to generate a bitstream of compressed point cloud data, wherein the
point cloud’s geometry is represented by an octree-based structure with a
plurality of nodes having parent-child relationships by recursively splitting a
volumetric space containing the point cloud into sub-volumes each associated
with a node of the octree-based structure, the encoder comprising:

a processor and

a memory storage device, wherein in the memory storage device instructions
executable by the processor are stored that, when executed, cause the
processor to perform the method according to the above-described methods for

encoding and decoding.

In an aspect of the present disclosure, a decoder is provided for decoding a
bitstream of compressed point cloud data to generate a reconstructed point
cloud, wherein the point cloud’s geometry is represented by an octree-based
structure with a plurality of nodes having parent-child relationships by
recursively splitting a volumetric space containing the point cloud into
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sub-volumes each associated with a node of the octree-bases structure, the
decoder comprising:

a processor and

a memory storage device, wherein in the memory storage device instructions
executable by the processor are stored that, when executed, cause the
processor to perform the above-described method of decoding.

In an aspect of the present disclosure a non-transitory computer-readable
storage medium is provided storing processor-executed instructions that, when
executed by a processor, cause the processor to perform the above-described
method of encoding and/or decoding.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference will now be made, by way of example, to the accompanying drawings
which show example embodiments of the present application, and in which the
Figures show:

Fig. 1 an embodiment of the method of encoding according to the present

invention,

Fig. 2 an embodiment of the method of decoding according to the present

invention,

Fig. 3 an example for the steps of encoding according to the present

invention,

Fig. 4 an example for the steps of decoding according to the present

invention,

10
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Fig. 5 an illustration for determining the predicted value according to the
present invention,

Fig. 6 a detailed embodiment of the present invention,

Fig. 7 a detailed embodiment of the present invention,

Fig. 8 a schematic illustration of an encoder device and

Fig. 9 a schematic illustration of a decoder device.

DETAILED DESCRIPTION

The present application describes methods of encoding and decoding attributes
of points in a point cloud, and encoders and decoders for encoding and decoding

attributes of points in a point cloud.

The present invention relates to a method for encoding attributes of points of a
point cloud to generate a bitstream of compressed point cloud data, wherein the
point cloud’s geometry is represented by a voxel-based structure with a plurality
of nodes having parent-child relationships by recursively splitting a volumetric
space containing the point cloud into sub-volumes each associated with a node
of the voxel-based structure, comprising the steps:

Determining a true transform coefficient by applying Region-Adaptive Hierarchal
Transform, RAHT, to the attributes of a present node;

Determining a difference between the attributes of a present parent node and
each node of a first set of nodes sharing a face or an edge with the present node,
wherein the present parent node is the parent node of the present node;
Selecting a second set from the first set of parent nodes according to the
difference, wherein preferably the second set of parent nodes includes the

present parent node;

11
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Determining a predicted value for the attributes of the present node according to
the attributes of the second set of parent nodes;

Determining a predicted transform coefficient by applying RAHT to the predicted
value of the attributes of the present node;

Determining a residual from the true transform coefficient and the predicted
transform coefficient; and

Encoding the residual to produce encoded data of attributes of the point cloud for
the bitstream.

Other aspects and features of the present application will be understood by those
ordinary skill in the art from a review of the following description of examples in

conjunction with the accompanying figures.

At times in the description below, the terms "node" and "sub-volume" may be
used interchangeably. It will be appreciated that a node is associated with a
sub-volume. The node is a particular point on the tree that may be an internal
node or a leaf node. The sub-volume is the bounded physical space that the node
represents. The term "volume" may be used to refer to the largest bounded
space defined for containing the point cloud. The volume is recursively divided
into sub-volumes for the purpose of building out a tree-structure of
interconnected nodes for coding the point cloud data. Additionally, the term
“parent node” refers to a node in the next higher level of the tree. While the node
might be at the level or depth D in the tree, the parent node is a node at the level
or depth D-1.

A point cloud is a set of points in a three-dimensional coordinate system. The
points are often intended to represent the external surface of one or more
objects. Each point has a location (position) in the three-dimensional coordinate
system. The position may be represented by three coordinates (X, Y, Z), which
can be Cartesian or any other coordinate system. The points have further
associated attributes, such as color, which may also be a three-component value
in some cases, such as R, G, B or Y, Cb, Cr. Other associated attributes may

12



WO 2021/258374 PCT/CN2020/098272

_13_

include transparency, reflectance, a normal vector, etc., depending on the
desired application for the point cloud data.

Point clouds can be static or dynamic. For example, a detailed scan or mapping
of an object or topography may be static point cloud data. The LiDAR-based
scanning of an environment for machine-vision purposes may be dynamic in that
the point cloud (at least potentially) changes over time, e.g. with each
successive scan of a volume. The dynamic point cloud is therefore a
time-ordered sequence of point clouds.

Point cloud data may be used in a number of applications, including conservation
(scanning of historical or cultural objects), mapping, machine vision (such as
autonomous or semi-autonomous cars), and virtual reality systems, to give
some examples. Dynamic point cloud data for applications like machine vision
can be quite different from static point cloud data like that for conservation
purposes. Automotive vision, for example, typically involves relatively small
resolution, non-coloured and highly dynamic point clouds obtained through
LiDAR (or similar) sensors with a high frequency of capture. The objective of
such point clouds is not for human consumption or viewing but rather for
machine object detection/classification in a decision process. As an example,
typical LiDAR frames contain on the order of tens of thousands of points,
whereas high quality virtual reality applications require several millions of points.
It may be expected that there will be a demand for higher resolution data over

time as computational speed increases and new applications are found.

While point cloud data is useful, a lack of effective and efficient compression of
the attributes and geometry of such a point cloud, i.e. encoding and decoding

processes, may hamper adoption and deployment.
One of the more common mechanisms for coding point cloud data is through

using tree-based structures. In a tree-based structure, the bounding
three-dimensional volume for the point cloud is recursively divided into

13
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sub-volumes. Nodes of the tree correspond to sub-volumes. The decision of
whether or not to further divide a sub-volume may be based on the resolution of
the tree and/or whether there are any points contained in the sub-volume. A leaf
node may have an occupancy flag that indicates whether its associated
sub-volume contains a point or not. Splitting flags may signal whether a node
has child nodes (i.e. whether a current volume has been further split into
sub-volumes). These flags may be entropy coded in some cases and in some
cases predictive coding may be used. A commonly-used tree structure is an
octree. In this structure, the volumes/sub-volumes are all cubes and each split of

a sub-volume results in eight further sub-volumes/sub-cubes.

The basic process for creating an octree to code a point cloud may include:
Start with a bounding volume (cube) containing the point cloud in a coordinate
system;
1. Split the volume into 8 sub-volumes (eight sub-cubes);
2. For each sub-volume, mark the sub-volume with 0 if the sub-volume is
empty, or with 1 if there is at least one point in it;
3. For all sub-volumes marked with 1, repeat (2) to split those sub-volumes,
until a maximum depth of splitting is reached; and
4. For all leaf sub-volumes (sub-cubes) of maximum depth, mark the leaf
cube with 1 if it is non-empty, 0 otherwise.

The tree may be traversed in a pre-defined order (breadth-first or depth-first,
and in accordance with a scan pattern/order within each divided sub-volume) to

produce a sequence of bits representing the occupancy pattern of each node.

As mentioned above points in the point cloud may include attributes. These
attributes are coded independently from the coding of the geometry of the point
cloud. Thus, each occupied node, i.e. node including at least one point of the
point cloud is associated with one or more attributes in order to further specify
the properties of the point cloud.

14
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The present invention provides a method for encoding attributes of points of a
point cloud. The method is shown in Fig. 1.

A method for encoding attributes of points of a point cloud is provided to
generate a bitstream of compressed point cloud data, wherein the point cloud’s
geometry is represented by a voxel-based structure with a plurality of nodes
having parent-child relationships by recursively splitting a volumetric space
containing the point cloud into sub-volumes each associated with a node of the
voxel-based structure, comprising the steps:

Determining S01 a true transform coefficient by applying Region-Adaptive
Hierarchal Transform, RAHT, to the attributes of a present node;

Determining S02 a difference between the attributes of a present parent node
and each node of a first set of nodes sharing a face or an edge with the present
node, wherein the present parent node is the parent node of the present node;
Selecting S03 a second set from the first set of parent nodes according to the
difference, wherein preferably the second set of parent nodes includes the
present parent node;

Determining S04 a predicted value for the attributes of the present node
according to the attributes of the second set of parent nodes;

Determining S05 a predicted transform coefficient by applying RAHT to the
predicted value of the attributes of the present node;

Determining S06 a residual from the true transform coefficient and the predicted
transform coefficient; and

Encoding S07 the residual to produce encoded data of attributes of the point

cloud for the bitstream.

Referring to Fig. 3 illustrating the method of encoding attributes of a present
node. In the example of Fig. 3, a certain number of occupied nodes 10 are
depicted at level D of the octree structure 12. Unshaded cubes relate to
unoccupied nodes. Therein, for example the attributes of the present node 14
shall be encoded into the bitstream at the present step. Therein, in picture a) of

Fig. 3, the occupied nodes are represented by the true attributes. These true

15
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attributes of picture a) are transformed by Region-Adaptive Hierarchal
Transform (RAHT) to obtain a true transform coefficient according to step S01.
RAHT is well known for example from US 10,223,810 B2 which is therefore
included by reference in its entirety. Therein, in picture a) other parent nodes
might contain further occupied nodes at level D which are omitted for the sake of
clarity.

Further, according to picture b) of Fig. 3, the neighboring parent nodes 16 of the
present parent node 18 are considered, wherein the present parent node 18
contains the present node 14 to be encoded. Thereby, in picture b) of Fig. 3 only
those neighboring parent nodes 16 are shaded which are not empty, i.e.
comprise at least one point of the point cloud. In general, there are six
neighboring parent nodes sharing a face with the present parent node 18 and
twelve neighboring parent nodes sharing an edge with the present parent node
18. One of these nodes, more than one of these nodes or all of these nodes might
be empty or might include a point of the point cloud and therefore being not
empty. Therein, the present parent node 18 and the neighbor parent nodes 16
are at a depth D-1 in the tree structure.

According to step S02, a difference between the attributes of the present parent
node 18 and the occupied neighboring parent nodes are determined. However,
the difference between the attributes of the present parent node 18 and the
neighboring parent nodes 16 are not calculated for each present and occupied
neighboring parent node 16. A first set of parent nodes includes only those
neighboring parent nodes 16 sharing a face or an edge with the present node 14
at depth D in the tree structure. Thus, the first set of parent nodes may comprise
a maximum of seven parent nodes, if all of these parent nodes are occupied by
a point of the point cloud including the present parent node 18 itself. In the
example of Fig. 3, for the present node 14 the first set comprises three
neighboring parent nodes 20 (therein it is assumed that behind the present
parent node 18 the neighboring parent node 16 is empty).

16
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From the determined differences between the attributes of the present parent
node 18 and the parent nodes 20 of the first set, a second set is selected
according to the determined difference. In addition, the present parent node 18
is also included into the second set. In the example of Fig. 3, the second set
might contain 1 to 4 nodes depending on the differences of attributes.

According to step S04 a predicted value for the attributes of the present node 14
are determine according to the attributes of the second set of parent nodes.
Therein, Fig. 4 shows an embodiment of the step of determining the predicted
value in 2D. In the example of 2D, the second set of parent nodes might only
contain four parent nodes including the present parent node. For determining
the predicted value of the attributes of the present node 14 in the example of Fig.
4, all neighboring parent nodes 22, sharing an edge or face with the present
node 14 are considered, including the present parent node 24 of the present
node 14. From the attributes ay of the parent nodes 22, 24 of the second set a
weighted prediction is made for the predicted value agictea Of the present node

14 according to

-1

a d'td:dek ay .
reaicte =17
L 2k di

wherein dy denotes the distance between the center of the present node 14 and
the center of the respective parent node 22, 24. As mentioned above, in Fig. 4,
all parent nodes of the second set are considered. However, the number of

considered parent nodes might be less.

Referring back to Fig. 3. In picture c) of Fig. 3, the predicted value of the present
node 14 is indicated. Therein, the above described steps are repeated for the
other occupied nodes 10 in the present parent node 18. Thus, as indicated in
picture ¢) of Fig. 3, for each occupied node 10 at depth D in the present parent
node 18, a predicted value has been determined. Each predicted value is

17
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transformed by applying RAHT in order to obtain predicted transform coefficients
for each of the occupied nodes 10 within the present parent node 18.

From the predicted transform coefficient and the true transform coefficient,
residuals are determined for each of the nodes including the present node 14
according to step S06. The residuals are entropy encoded to produce encoded
data of attributes for the bitstream according to step S07.

Thus, according to the difference between the present parent node 18 and the
neighboring parent nodes 20 sharing a face or an edge with the present node 14,
only those neighboring parent nodes 20 are selected in the second set having a
sufficient small deviation from each other. Thereby, the residual for each of the
nodes is reduced, improving the efficiency of encoding the attributes to the
bitstream.

For example, if in picture b) of Fig. 3 the neighboring parent nodes 25 belong to
an area of the point cloud with a different color deviating from the color of the
present node 14, including these neighboring parent nodes in the step of
determining the predicted value would result in a prediction failure increasing
the residuals to be encoded. Thus, in this example, the neighboring parent nodes
24 from the first set of parent nodes would not be selected to be included into the
second set and therefore the attributes of these parent nodes 24 would not be
considered in the weighted prediction as described above.

The present invention provides a method for decoding attributes of points of a

point cloud. The method is shown in Fig. 2.

A method for decoding a bitstream of compressed point cloud data is provided to
generate attributes of points in a reconstructed point cloud, wherein the point
cloud’s geometry is represented by an voxel-based structure with a plurality of
nodes having parent-child relationships by recursively splitting a volumetric

18
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space containing the point cloud into sub-volumes each associated with a node
of the voxel-bases structure, comprising the steps:

Decoding S10 a residual of attributes of a present node of the point cloud from
the bitstream;

Determining S11 a difference between the attributes of a present parent node
and each node of a first set of nodes sharing a face or an edge with the present
node, wherein the present parent node is the parent node of the present node;
Selecting S12 a second set from the first set of parent nodes according to the
difference, wherein preferably the second set of parent nodes in-cludes the
present parent node;

Determining S13 a predicted value for the attributes of the present node
according to the attributes of the second set of parent nodes;

Determining S14 a predicted transform coefficient by applying RAHT to the
predicted value of the attributes of the present node; and

Determining S14 from the residual and the predicted transform coefficient the
attributes of the present node by applying an inverse RAHT.

The steps of the method of decoding the bitstream to obtain attributes of a
present point in a point cloud are further depicted in Fig. 4 wherein the residuals
represented in picture d) of Fig. 4 are provided by the decoded bitstream. These
residuals are combined with the predicted values wherein the prediction,
depicted in pictures b) and c) of Fig. 4 are identical to the steps of the respective
encoding described above. Therein, it should be noted that decoding is
performed from the root the leaves. Thus, the attributes of the parent node in
depth D-1, sharing a face or an edge with the present node 14 are already

known.
From the predicted value transformed by a RAHT and the residuals provided by

decoding the bitstream, the attributes of the present node 14 is obtained by
inverse RAHT.
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Referring to Fig. 6, showing a detailed embodiment. Therein, determining the
difference between the attributes of the present parent node and each node of
the first set of nodes includes:

Determining S21 the maximum difference among each of the parent nodes in the
first set of parent nodes and the present parent node;

Providing S22 a first threshold; and

If the maximum difference is smaller than the first threshold, selecting S23 all

parent nodes of the first set of parent nodes.

Thus, by determining the maximum difference among each of the parent nodes
in the first set of parent nodes and the present parent node, a homogeneity of
the considered volume in the point cloud is determined. Thus, if the difference is
smaller than the first threshold, the attributes are homogeneous enough to be all
considered to predict the predicted value of the attributes of the present node
14.

Referring to Fig. 7, showing a detailed embodiment. Therein, determining the
difference between the attributes of the present parent node and each node of
the first set of nodes includes:

Determining S31 the difference between each of the parent nodes in the first set
of parent nodes and the present parent node;

Providing S32 a second threshold; and

Selecting S33 parent nodes of the first set of parent nodes if the respective

difference is smaller than the second threshold.

In particular, if the homogeneity of attributes in the considered volume of the
point cloud, i.e. the maximum difference among each of the present nodes in the
first set of parent nodes are above the first threshold a difference deltaAttr; for
the attributes a; of each of the parent nodes i in the first set of parent nodes
and the attribute apresentparentnode Of the present node are determined, wherein

deltaAttr; =a; — Apresent Parent Node- 1NEre€IN, those parent nodes in the first set of
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parent nodes are selected for which deltaAttr; is smaller than the second
threshold.

Of course determining the difference between each of the parent nodes and the
first set of parent nodes and the present parent node and comparing this
difference with the second threshold in order to select parent nodes of the first
set of parent nodes can be used independent of the determination of the
homogeneity of the attributes in the considered volume as described before.

In one embodiment the first threshold is fixed. Thus, the fixed first threshold is
known by the encoder and decoder and needs not to be included into the
transmitted bitstream.

In one embodiment the second threshold is fixed. Thus, the fixed second
threshold is known by the encoder and decoder and needs not to be included into
the transmitted bitstream.

In one embodiment the first threshold is included into the bitstream to be
forwarded from the encoder to the decoder.

In one embodiment the second threshold is included into the bitstream to be
forwarded from the encoder to the decoder.

In one embodiment the first threshold is determined according to the distribution
of attributes within the complete point cloud. Thus, for an inhomogeneous
distribution of the attribute the first threshold can be adapted accordingly.
Therein, the determined first threshold need to be transmitted only once per

point cloud encoded into the bitstream for example into the metadata.

In one embodiment the second threshold is determined according to the

distribution of attributes within the complete point cloud. Thus, for an
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inhomogeneous distribution of the attribute the second threshold can be adapted
accordingly. Therein, the determined second threshold need to be transmitted
only once per point cloud encoded into the bitstream for example into the

metadata.

In one embodiment the first threshold is determined according to the first set of
parent nodes. Thus, the first threshold can be individually adapted according to
the attribute distribution among the parent nodes in the first set of parent nodes.
In this case, an individual threshold for the step of predicting of each node
individually can be provided and adapted accordingly in order to provide
sufficient results. Alternatively, the first threshold can be determined according
to an average of the attributes in the first set compared to the attribute of the
present parent node. Alternatively, the first threshold can be determined
according to a minimum value or maximum value of the attributes in the first set
compared to the attribute of the present parent node. Therein, the first threshold
needs to be included into the bitstream to be transmitted from the encoder to the

decoder.

In one embodiment the second threshold is determined according to the first set
of parent nodes. Thus, the second threshold can be individually adapted
according to the attribute distribution among the parent nodes in the first set of
parent nodes. In this case, an individual threshold for the step of predicting of
each node individually can be provided and adapted accordingly in order to
provide sufficient results. Alternatively, the second threshold can be determined
according to an average of the attributes in the first set compared to the
attribute of the present parent node. Alternatively, the second threshold can be
determined according to a minimum value or maximum value of the attributes in
the first set compared to the attribute of the present parent node. Therein, the
second threshold needs to be included into the bitstream to be transmitted from

the encoder to the decoder.
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In one embodiment, the first threshold and/or the second threshold are
determined according to the first set of parent nodes and is inherited by all
sub-nodes until a different value for first threshold or second threshold is
assigned to a subtree of the first set of parent nodes. Thus, for each of the
present nodes an individual first threshold and/or individual second threshold
can be determined and thus adapted to the specific variation of attributes around
the present node. Therein, the first threshold and/or second threshold might be
included into the bitstream to be forwarded from the encoder to the decoder for
decoding at the top of the subtree it concerns or inherited (and therefore not
included in the bitstream) for nodes that are not at the top of such subtrees.

In one embodiment the second threshold is a percentage of the first threshold.
Thus, if the first threshold is increased, the second threshold, being a
per-centage of the first threshold, is increased accordingly. Therein, the
percentage might be fixed, determined according to the distribution of attributes
within the complete point cloud or determined according to the distribution of
attributes within the first set of parent nodes. Therein, the first threshold is
included into the bitstream and the percentage. If either the first threshold or the
percentage is fixed, this information need not to be transmitted and thus only

the remaining must be included.

In one embodiment the first threshold and the second threshold are set to be
equal. In another embodiment the first threshold and the second threshold are
different.

In one embodiment the first threshold is determined according to the ratio
between attributes of the present node and the attributes of patent nodes of the
first set of parent nodes. Therein, this ration can be determined according to the
average, the maximum value or minimum value of the attributes in the first set
of parent nodes. Alternatively, the first threshold can be determined individually
for each of the parent nodes in the first set of parent nodes as a ratio of the
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attributes of the present parent node and the respective parent node of the first
set of parent nodes.

In one embodiment the second threshold is determined according to the ratio
between attributes of the present node and the attributes of patent nodes of the
first set of parent nodes. Therein, this ration can be determined according to the
average, the maximum value or minimum value of the attributes in the first set
of parent nodes. Alternatively, the second threshold can be determined
individually for each of the parent nodes in the first set of parent nodes as a ratio
of the attributes of the present parent node and the respective parent node of
the first set of parent nodes.

Different embodiments can be freely combined. In particular, different
definitions of the first threshold and second threshold can be freely selected from
the above embodiments and tailored to the needs of the specific application.

Thus, in accordance to the present invention, the attribute distribution/deviation
is considered upon predicting predicted values for the present node to be coded.
Thus, not all possible information is considered. Instead only those information is
considered for determining the prediction value which is sufficiently similar to
the attributes of the present node to be coded. Thereby prediction errors are
reduced, inhomogeneities in the attribute distribution within the point cloud are
well considered and do not lead to increase of prediction errors. As a
consequence, due to the reduced prediction errors, also the residuals are
reduced, increasing the efficiency of encoding these residuals into the bitstream

of the point cloud.

Thereby, significant data reduction of at least one percent can be achieved with

respect to prior encoding methods for encoding the attributes of a point cloud.

Results under C1 test condition
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Chroma
Luma b Chroma Cr | Reflectance
Cat-A sequences -0.7% -0.8% -0.9% N/A
Cat3-fused
-2.8% -1.9% -1.8% -1.0%
sequences
average -1.0% -0.9% -1.0% -1.0%
Results under C2 test condition
Chroma
Luma Chroma Cr | Reflectance
Cb
Cat-A sequences -0.7% -0.5% -0.5% N/A
Cat3-fused
-1.1% -1.3% -1.3% -0.7%
sequences
average -0.7% -0.6% -0.6% -0.7%

The simulations represented in the table above were executed on the latest
TMC13v10 platform with fixed values for both threshold, i.e. the first threshold
and the second threshold, across all sequences.

Reference is now made to Figure 8, which shows a simplified block diagram of an
example embodiment of an encoder 1100. The encoder 1100 includes a
processor 1102 and a memory storage device 1104. The memory storage device
1104 may store a computer program or application containing instructions that,
when executed, cause the processor 1102 to perform operations such as those
described herein. For example, the instructions may encode and output
bitstreams encoded in accordance with the methods described herein. It will be
understood that the instructions may be stored on a non-transitory
computer-readable medium, such as a compact disc, flash memory device,
random access memory, hard drive, etc. When the instructions are executed, the

processor 1102 carries out the operations and functions specified in the
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instructions so as to operate as a special-purpose processor that implements the
described process(es). Such a processor may be referred to as a "processor

circuit" or "processor circuitry" in some examples.

Reference is now also made to Fig. 9, which shows a simplified block diagram of
an example embodiment of a decoder 1200. The decoder 1200 includes a
processor 1202 and a memory storage device 1204. The memory storage device
1204 may include a computer program or application containing instructions that,
when executed, cause the processor 1202 to perform operations such as those
described herein. It will be understood that the instructions may be stored on a
computer-readable medium, such as a compact disc, flash memory device,
random access memory, hard drive, etc. When the instructions are executed, the
processor 1202 carries out the operations and functions specified in the
instructions so as to operate as a special-purpose processor that implements the
described process(es) and methods. Such a processor may be referred to as a

"processor circuit" or "processor circuitry" in some examples.

It will be appreciated that the decoder and/or encoder according to the present
application may be implemented in a number of computing devices, including,
without limitation, servers, suitably programmed general purpose computers,
machine vision systems, and mobile devices. The decoder or encoder may be
implemented by way of software containing instructions for configuring a
processor or processors to carry out the functions described herein. The software
instructions may be stored on any suitable non-transitory computer-readable

memory, including CDs, RAM, ROM, Flash memory, etc.

It will be understood that the decoder and/or encoder described herein and the
module, routine, process, thread, or other software component implementing
the described method/process for configuring the encoder or decoder may be
realized using standard computer programming techniques and languages. The
present application is not limited to particular processors, computer languages,

computer programming conventions, data structures, other such
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implementation details. Those skilled in the art will recognize that the described
processes may be implemented as a part of computer-executable code stored in
volatile or non-volatile memory, as part of an application-specific integrated chip
(ASIO), etc.

The present application also provides for a computer-readable signal encoding
the data produced through application of an encoding process in accordance with
the present application.

Certain adaptations and modifications of the described embodiments can be
made. Therefore, the above discussed embodiments are considered to be
illustrative and not restrictive. In particular, embodiments can be freely

combined with each other.
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