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[DESCRIPTION]
[Title of Invention]

POINT CLOUD DECODER AND METHOD FOR DECODING POINT
CLOUD
[Technical Field]

[0001]

The present disclosure relates generally to methods, encoders and decoders
representing point cloud signals, and more particularly, to compressing,
representing and processing point clouds.

[Background Art]
[0002]

A point cloud is generally characterized by a set of points located in
three-dimensional (3D) space. For each point in a point cloud, attributes such as
color or other data can be associated with points. Given that the amount of data in
a point cloud can become quite large, compression is needed in order to store the
data to a storage medium such as a disk drive, or in order to transmit the data, such
as signaling it to a bit-stream for streaming from a network-enabled server to a
client device. While methods for compressing images are well-established,
different methods are needed for compressing 3D point clouds, because unlike
images which comprise a uniform grid of picture elements or pixels, the points in
point clouds can be located anywhere in 3D space.

[0003]
Therefofe, there 1s a need for methods, encoders and decoders for

compressing, representing and processing point clouds.
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[Summary of Invention]
[0004]

Embodiments of the present disclosure relate methods, encoders and
decoders representing point cloud signals, and more particularly, to compressing,
representing and processing point clouds. A point cloud can be characterized by a
set of points located in three-dimensional space, where attributes or other data can
be associated with each point. Aspects of the present disclosure include
compressing point clouds since the amount of data in a point cloud can be large,
resulting in the need for compression, in order to either store the data to a storage
medium, or in order to transmit the data, such as signaling the data to a bit-stream
for streaming from a network-enabled server to a client device.

[0005] |

Regarding point prediction, some embodiments include signaling the
coordinates of each point in a point cloud relative to a predetermined location, by
computing the difference between the point position and the predetermined
location and signaling it. This difference can be a prediction residual. The
predetermined locatiqn can be the center of a block containing the points to be
processed. The predetermined location can also be a previously-decoded point
location, for example the first decoded point.

[0006]

Some embodiments include decoding a difference between a point position
and a predetermined location, which can be a prediction residual.
[0007]

Some embodiments include signaling the coordinates of each point in a

2
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point cloud relative to a previously-decoded point. For example, given a point-in a

‘sequence of points, the difference between the location of the point and the

location of the point that was processed or encoded or decoded immediately prior

to the point in sequential order, can be computed. This difference can be a
prediction residual.

[0008]

Some embodiments include decoding a difference between a point position
of a point and the position of a previously-decoded point. This difference can be a
prediction residual. The previously-decoded point can be the point that was
decoded sequentially prior to the point.

[0009]

Regarding point reordering and skipping, some embodiments include
reordering a sequence of points such that the distance between subsequent points
is minimized. Further other embodiments can include reordering a sequence of
points such that the number of different distances between subsequent points is
minimized.

[0010]

Some embodiments include skipping the signaling of a point if it is
collocated or within a threshold distance from a previously-signaled point.
Additionally, if a given decoded point is collocated or within a threshold distance
from a previously-signaled point, then the reconstruction of the point can be
skipped. The signaling or reconstruction of points or decoded points outside a
bounding box or minimum and maximum coordinate limits can also be skipped.

[0011]
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Regarding data-dependent partitioning, some embodiments include
performing data-dependent non-uniform partitioning of a space, based on a
scoring function that determines a location of the partitioning across at least one
dimension of the space. Wherein, data-dependent non-uniform partitioning of the
space can be based on measures or calculations from data representing the object,
along with information about the current partitioning structure, such as a minimum
or maximum block size, wherein a function, i.e. a scoring function, can specify
how or where to split the current block or sub-block being processed.

[0012]

Regarding organizing an unorganized point cloud, some embodiments
include organizing an unorganized point cloud by mapping each point to positions
in an organizational grid. The mapping process can be implemented with a
scanning process, in which the points in the point cloud can be virtually scanned
based oﬁ their position relative to the scan origin, and in an order based upon a
scan direction or angle.

[0013]

Regarding resampling and realigning a point cloud, some embodiments
include using a scoring function to identify a subset of points in a point cloud, and
subsequent processing of the point cloud is applied to the subset of points.

[0014] |

Some embodiments include resampling or aligning the points in a point
cloud to a predetermined subset of locations such as a grid. The point locations
can be signaled, or an index indicating to where the point was aligned can be

signaled.
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[0015]

According to an embodiment of the present disclosure, a point cloud
decoder including a probessor to decode each block in a set of blocks from a point
cloud, so as to obtain a decoded point cloud. Wherein each block includes a set of
points, such that for each block the processor is to decode a set of prediction
residuals from a compressed bitstream. Use a predetermined location in the block,
and compute for each prediction residual in the set of prediction residuals, a
position of a point by adding the prediction residual to the predetermined location,
so as to obtain a set of decoded points for the block. Wherein the decoded points
for the blocks in the set of blocks represent the decoded point cloud.

[0016]

According to another embodiment of the present disclosure, a method for
decoding a point. cloud, including usihg a processor connected to a memory, to
decode each block in a set of blocks from a point cloud, so as to obtain a decoded
point cloud. Wherein each block includes a set of points, such that for each block
the processor is for decoding a set of prediction residuals from a compressed
bitstream. Using a predetermined location in the block, and computing for each
prediction residual in the set of prediction residuals, a position of a point by
adding the prediction residual to the predetermined location, so as to obtain a set
of decoded points for the block. Wherein the decoded points for the blocks in the
set of blocks represent the decoded point cloud.

[0017]
According to another embodiment of the present disclosure, a point cloud

decoder including a memory having data stored including previously decoded
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points. A processor to decode a sequence of points from a compressed bitstream,
so as to obtain a decoded point cloud The processor is to decode a sequence of
| prediction residuals from the compressed bitstream. Compute for each predibtion
residual in the sequence of prediction residuals, a position of a point by adding the
prediction residual to a position of a previously decoded point stored in the
memory, so as to obtain a sequence of decoded points. Wherein the sequence of
decoded points represents the decodéd point cloud.

[0018] ‘

The presently disclosed embodiments will be further explained with
reference to the attached drawings. The drawings shown are not necessarily to
scale, with emphasis instead generally being placed upon illustrating the
principles of the presently disclosed embodiments.

[Brief Description of Drawings]
[0019]
[Fig. 1A]

FIG. 1A is a block diagram illustrating steps of a first point prediction
method, according to embodiments of the present disclosure.
[Fig. 1B]

FIG. 1B is a block diagram illustrating some components implementing
methods of the present disclosure, according to embodiments of the present
disclosure.

[Fig. 2A]
FIG. 2A is a schematic illustrating a data—dependent non-uniform

partitioning method, according to embodiments of the present disclosure.
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[Fig. 2B]

FIG. 2B is a schematic illustrating a PRIOR ART partitioning method.
[Fig. 3A] |

FIG. 3A is a schematic illustrating a process for using data along a line to
| calculate where to perform the data-dependent non-uniform split, wherein given a
block or patch of data, data along the vertical halfway split position is scanned
horizontally by a sliding window of data points, which is used to determine where
to split the current block horizontally, i.e. by a vertical line, e.g. into a left
sub-block and a right sub-block for the case of partitioning a 2-D grid, according
to embodiments of the present disclosure.

[Fig. 3B]

FIG.3Bisa schematic illustrating a process for using data alone a line to
calculate where to perform the déta—dependent non-uniform split, wherein given
a block or patch, data along the horizontal split position or along a line
orthogonal to fhe vertical split position is scanned vertically by a sliding window
of data points, which is used to determine where to split the current block
vertically, i.e. by a horizontal line, e.g. into a lower sub-block and an upper
sub-block for the case of partitioning a 2-D grid according to embodiments of the
present disclosure.

[Fig. 4A]

FIG. 4A is a schematic illustrating a process for using a multidimensional
sliding window of data points to calculate where to perform the data;dependent
non-uniform split, wherein the data is a region oriented along a horizontal split

position, e.g. a vertical rectangle, according to embodiments of the present
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disclosure.
[Fig. 4B]

| FIG. 4B is a schematic illustrating avp.rocess for using a multidimensional
sliding window of data points to calculate where to perform the data-dependent
non-uniform split, wherein the data is a region oriented along a vertical split
position, e.g. a horizontal rectangle, according to embodiments of the present
disclosure.
[Fig. 5A]

FIG. 5A is a schematic illustrating a 3D point cloud, according to
embodiments of the present disclosure.
[Fig. 5B]

FIG. 5B is a schematic illustrating a range map or depth map which
represents the distance of each f)oint from a plane or the elevation or depth of
each point is used as data input to the scoring function, according to embodiments
of the present disclosure.

[Fig. 5C}

FIG. 5C is a schematic illustrating the output of a scoring function applied
to a point cloud or range map, in which higher score values are illustrated using
lighter colors, according to embodiments of the present disclosure.

[Fig. 5D]

FIG. 5D is a schematic illustratihg an example of PRIOR ART uniform

splitting.
[Fig. 5E]
FIG. 5E is a schematic illustrating a method of data-dependent
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non-uniform splitting, according to embodiments of the present disclosure.
[Fig. 5F]

FIG. 5F is a schematic illustrating a method of data-dependent
non-uniform splitting, according to embodiments of the present disclosure.
[Fig. 6]

FIG. 6 is a flow diagram illustrating a list of some steps for implementing
a splitting process, according to embodiments of the present disclosure.

[Fig. 7]

FIG. 7 is a block diagram illustrating some steps for decoding data from a
bit-stream, when data-dependent non-uniform splitting is used, according to
embodiments of the present disclosure.

[Fig. 8A]

FIG. 8A is a schematic illustrating a method for organizing an
unorganized point cloud, according to embodiments of the present disclosure.
[Fig. 8B]

FIG. 8B is a schematic illustrating an organizational grid or a matrix for
example in 2D space, with each position in the grid having an index, according to
embodiments of the present disclosure.

[Fig. 8C]

FIG. 8C is a schematic illustrating a scanning process for a method for
organizing an unorganized point cloud, according to embodiments of the present
disclosure.

[Fig. 8D]
FIG. 8D is a schematic illustrating a mapping process for a method for
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organizing an unorganized point cloud, according to embodiments of the present
disclosure.

[Description of Embodiments]

[0020]

While the above-identified drawings set forth presently disclosed
embodiments, other embodiments are also contemplated, as noted in the
discussion.  This disclosure presents illustrative embodiments by way of
representation and not limitation. Numerous other modifications and
embodiments can be devised By those skilled in the art which fall within the scope
and spirit of the principles of the presently disclosed embodiments.

[0021]
Predicting from center or predetermined location in block

FIG. 1A is a block diagram illustrating steps of a first point prediction
method 100A, according to embodiments of the present disclosure. For example,
instead of signaling a coordinate of each point relative to an origin or corner of a
region, a component-wise differénce between each point and a predetermined
location in the block can be signaled. For instance, if the point position is (X,y,z)
and the predetermined location in the block is defined as the center of the block
(xc,yc,zc), then (x-xc,y-yc,z-zc) is signaled to the bit-stream.

[0022]

Step 110 of FIG. 1A includes decoding a point cloud, using a processor
connected to a memory, to decode each block in a set of blocks from a point cloud,
SO aé to obtain a decoded point cloud, wherein each block includes a set of points

[0023]
10
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Step 115 of FIG. 1A includes decoding a set of prediction residuals from a
compressed bitstream for each block by a processor.
[0024]

Step 120 of FIG. 1A includes uSing a predetermined location in the block.
[0025]

Step 125 of FIG. 1A includes computing for each prediction residual in |
the set of prediction residuals, a position of a point by adding the prediction
residual to the predetermined location, so as to obtain a set of decoded points for
the block, wherein the decoded points for the blocks in the set of blocks represent
the decoded point cloud.

[0026]

FIG. 1B is a block diagram 100B illustrating some components
implementing the methods of the present disclosure, according to embodiments of
the present disclosure. For example, a processor 12 can be for methods, encoder
or decoders of the present disclosure, that is connected to a memory 10. The
processor 12 can be connected to a network-enabled server 14, which is
connected to a client device 16.

[0027]
Predicting a chain or sequence of points from previously-decoded points

According to the present disclosure another method can include a se}cond
point prediction method. The second method discloses that given a set of point
locations (xn,yn,zn), n = {,2,...,N, the point locations (xn,yn,zn) can be signaled
to the bit—stréam. If predicting from the center or predetermined location in the

block, then for each point location (xn,yn,zn), a prediction residual
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(xn-xc,yn-yc,zn-zc) is signaled to the bit-stream. In some cases, such as when
groups of points are clusfered near each other, the prediction residual can be
reduced by using previously-decoded points as predictors for a currently-decoded
point. For example, the first point n=1 can be signaled as (xn,yn,zn) or
(xn-xc,yn-yc,zn-zc). The second point n=2 can be signaled as (x2-x1, y2-yl,
72-z1). The third point can be signéled as (x3-x2,y3-y2,z3-z2), ete. for all n.
[0028]

For example, the second method can be for decoding a point cloud,
including using a processor connected to a memory, to decode each block in a set
of blocks from a point cloud, so as to obtain a decoded point cloud. Wherein each
block includes a set of points, such that for each block the processor is for
decoding a set of prediction residuals from a compressed bitstream. Using a
predetermined location in the block, and computing for each prediction residual in
the set of prediction residuals, a position of a point by adding the prediction
residual to the predetermined location, so as fo obtain a set of decoded points for
the block. Wherein the decoded points for the blocks in the set of blocks represent
the decoded point cloud.

[0029]

Accbrding to the present disclosure another method can include a third
point prediction method. The third method discloses that the first decoded point
(x1,y1,z1) can be used to predict subsequent points, so the prediction residual
signaled for point n=2 is (x2-xl,y2-yl,z2-z1), and for point n=3
(x3-x1,y3-yl1,z3-z1), and so on for all n.

[0030]

12
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For example, the third method includes a point cloud decoder including a
memory having data stored including previously decoded points. A processor to
decode a sequence of points from a compressed bitstream, so as to obtain a
decoded point cloud The processor is to decode a sequence of prediction residuals
from the compressed bitstream. Compute for each prediction residual in the
sequence of prediction residuals, a position of a point by adding the prediction
residual to a position of a previously decoded point stored in the memory, so as to
obtain a sequence of decoded points. Wherein the sequence of decoded points
represents the decoded point cloud.

[0031]
Reordering of points or sequence of points to reduce magnitude or energy in
prediction residual

Given a sequence of points (xn,yn,zn), n=1,2,...N in a blqck or region, the
points can be reordered such that the distance between subsequent points is
minimized. Doing so reduces the magnitudé or energy of the prediction residuals
signaled for the case when a chain or sequence of points is signaled.

[0032]
Reordering of points to increase frequency of occurrence of identical
residuals

Given a sequence of points (xn,yn,zn), n=1,2,..,N in a block or region, the
points can be reordered such that the number of different distances between
subsequent points is minimized. For example, for one coordinate, if the sequence
of differences between five successive points is 1,4,4,1, but if the points can be

reordered such as the differences between the successive points becomes 3,3,3,3,
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then although the total of the differences after reordering is higher than the total
before reordering, the number of different distances is reduced. When a coder
such as an entropy coder is used to signal these differences or prediction residuals,
the residuals generated after reordering points can therefore have a reduced
entropy, thus decreasing the number of bits that would need to be signaled to the
bit-stream.

[0033]

Skip encoding and/or decoding of a point if it is identical to or within a
threshold distance from an already-decoded point

When encoding a set of points and signaling them to a bit-stream, if a
given point is collocated or within a threshold distance from a previously-signaled
point, then that point is not signaled to the bit-stream.

[0034]

In another embodiment, if a given decoded point is collocated or within a
threshold distance from a previously-signaled point, then that point is not
reconstructed, i.e. it is not included in the reconstructed point cloud. The total
number of reconstructed points in the decoded point cloud can therefore be
reduced, thus reducing memory or storage requirements and improving rendering
speeds due to the reduced nﬁmber of points that would need to be rendered.

[0035] |

In another embodiment, if a given point is outside a bounding box or
minimum and maximurﬁ coordinate limits, then it is not signaled to the bit-stream.
[0036]

In another embodiment, if a given decoded point is outside a bounding

14
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box or minimum and maximum coordinate limits, then it is not included in the
reconstructed point cloud.

[0037]

Data-dependent non-uniform partitioning

Referring to FIG. 2A, the data-dependent non-uniform partitioning 202
can be performed according to embodiments of this present disclosure. The
data-dependent non-uniform partitioning 202 can be based upon measures or
calculations based on the data representing the object, along with information
about the current partitioning structure, such as a minimum or maximum block
size, a function can specify how or where to split the current block or sub-block
being processed. For example, in 202 of FIG. 2A, instead of splitting at the
halfway positions and breaking the object among different blocks as shown in the
prior art method 201 of FIG. 2B, the first split creates four sub-blocks or
sub-partitions, but only one of them, the lower-right one, is occupied by object
data (see FIG. 2A), according to the present disclosure. Similarly, FIG. 2A shows
the second split partitions with the lower-right block into four sub-blocks without
splitting the object data among different sub-blocks, according to the present
disclosure.

[0038]

If each point in 3D space is mapped or indexed to a position on a 2D grid,
then this data-dependent non-uniform partitioning method can be applied to the
2D grid of indices.

[0039]

FIG. 2B is a schematic illustrating a PRIOR ART partitioning method for
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partitioning a 3D space as in an octree. In particular, FIG. 2B shows the
partitioning in 2D space, with a quadtree as shown in 201. The outside border in
201 denotes the initial block or partitioning of the space. The star is an example of
 an object represented by the data in the block. A decision process is used to
 decide whether to split the initial block into 2”N blocks or partitions, where N is
the dimension of the space (N=2 for 2D space and N=3 for 3D space). Each
partition is split in half vertically and horizontally into 2*N blocks. This splitting
process repeats for each sub-block or sub-partition until a desired stopping criteria
is met.
[0040]

FIG. 3A is a schematic illustrating a process for using data alone a line to
calculate where to perform the data-dependent non-uniform split, wherein given a
block or patch 303, data along the vertical halfway split position 305 is scanned
horizontally by a sliding window 307 of data points, which means splitting the
current block horizontally, i.e. by a vertical line 311, e.g. into a left sub-block and
a right sub-block for the case of partitioning a 2-D grid, according to
embodiments of the present disclosure. The skip area 313 is on one side of the
search area 307, used as input to a scoring function, where skip area 315 is on the
other side of the search area 307, such that the width of the skip area 317 can be
set to 1/3 the width of the pafch of interest.

[0041]

FIG. 3B is a schematic illustrating a process for using data along a line to

calculate where to perform the data-dependent non-uniform split, such that given

a block or patch 323, data along the horizontal split position 325 is scanned
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vertically by a sliding window 327 of data points, which means splitting the
current block vertically, i.e. by a horizontal line 331, e.g. into a lower sub-block
and an upper sub-block for the case of partitioning a 2-D grid according to
embodiments of the present disclosure.

[0042]

Referring to FIG. 3A and FIG. 3B, are schematics or diagrams of at least
one process for using data alone a line to calculate where to perform the
data-dependent non-uniform split. For example, FIG. 3A shows a block or patch
303, where data along the vertical halfway split position 305 is scanned
horizontally by a sliding window 307 of data points. These data points can be data
related to the position of the points in the point cloud, such as the distance or
depth from a plane, or it can be related to attributes in the data, such as brightness
or color. The sliding window contains M points, and data across the vertical
half-way position is scanned horizontally (FIG. 3A), i.e. M points are selected and
are used as input to a function such as a scoring function. To prevent blocks from
becoming too thin, minimum border distance or skip area 315 and 313 can be
defined, for example 317, in which the width of a skip area can be set to 1/3 the
width of the patch, which ensurés a minimum block size. The sliding window can
slide one data point position at a time, or it can skip points, e.g. every other point,
to simplify computation. For each window for which a score is computed, the best
score, typically a maximum or fninimum score, is located, and the position 309
corresponding to that best score is indicated as being the split position for splitting
the current block horizontally, i.e. by a vertical line 311, e.g. into a left sub-block

and a right sub-block for the case of partitioning a 2-D grid.
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 [0043]

Referring to FIG. 3B, if it is desired to split the same block in the other
direction, e.g. vertically, this process can be repeated in a direc.tion orthogonal to
the initial direction. This will result in a vertical split, i.e. a splitting by a
horizontal line 331, into an upper block or blocks and lower block or blocks. The
output of this process is the position of each split, for example the location 329 of
the maximum score resulting from a scoring function, or an index that can be
mapped to the position of each split, for example, the position of the split line 331
relative to a corner of the patch. If a 2D block is split both horizontally and
vertically, then the block is pai‘titioned into four sub-blocks. If only horizontal or
only vertical partitioning is done, then the block is partitioned into two sub-blocks.
To prevent blocks from becoming too thin, minimum border distance or skip area
333 and 335 can be defined, for example 337, in which the height of a skip area
can be set to 1/3 the height of the patch, which ensures a minimum block size.
The sliding window can slide one data point position at a time, or it can skip
points, e.g. every other point, to simplify computation. For each window for
which a score is computed, the best score, typically a maximum or minimum
score, is located, and the position 329 correspohding to that best score is indicated
as being the split position for splittiﬁg the current block horizontally, i.e. by a
horizontal line 331, e.g. into a top sub-block and a bottom sub-block for the case
of partitioning a 2-D grid.

[0044]
FIG. 4A is a schematic illustrating a process for using multidimensional

sliding window of data points to calculate where to perform the data-dependent
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non-uniform split on a block or patch 403, wherein the data is a region oriented
along the horizontal split position 411, e.g. vertical rectangle 419, according to
embodiments of the present disclosure.

[0045]

FIG. 4B is a schematic illustrating a process for using multidimensional
sliding window of data points to calculate where to perform the data-dependent
non-uniform split on a block or patch 423, wherein the data is a region oriented
along a vertical split position 431, e.g. a horizontal rectangle 439, according to
embodiments of the present disclosure.

[0046]

Referring to FIG. 4A and FIG. 4B, are diagrams of at least one process for
using multidimensional data to calculate where to perform the data-dependent
non-uniform split. Instead of using a one-dimensional sliding window of data as
input to a scoring function as is illustrated in FIG. 3A and FIG. 3B, in FIG. 4A
and FIG. 4B, data from a multidimensional region, for example, a 2D region 419
or 439, can be used as input.

[0047]

Regarding FIG. 4A, to prevent blocks from becoming too thin, minimum
border distance or skip area 415 and 413 can be defined, for example 417, in
which the width of a skip area can be set to 1/3 the width of the patch, which
ensures a minimum block size. The sliding window can slide one data point
position at a time, or it can skip points, e.g. every other point, to simplify
computation. For each window for which a score is computed, the best score,

typically a maximum or minimum score, is located, and the position 409

19



WO 2019/078047 PCT/JP2018/037496

corresponding to that best score is indicated as being the split position for splitting
the current block horizontally, i.e. by a vertical line 411, e.g. into a left sub-block
and a right sub-block for the case of partitioning é 2-D grid.

[0048]

Regarding FIG. 4B, to also prevent blocks from becoming too thin,
minimum border distance or skip area 433 and 435 can be defined, for example
437, in which the height of a skip area can be set to 1/3 the height of the patch,
which ensures a minimum block size. The sliding window can slide one data point
position at-a time, or it can skip points, e.g. every other point, to simplify
computation. For each window for which a score is computed, the best score,
typically a maximum or minimum score, is located, and the position 429
corresponding to that best score is indicated as being the split position for splitting
the current block horizontally, i.e. by a horizontal line 431, e.g. into a top
sub-block and a bottom sub-block for the case of partitioning a 2-D grid.

[0049] |

FIG. 5A is a schematic illustrating a 3D point cloud 510, according to
embodiments of the present disclosure.
[0050]

FIG. 5B is a schematic illustrating a range map or depth map 520 which
represents thé distance of each point from a plane or the elevation or depth of .
each point is used as data input to the scoring function, according to embodiments
of the present disclosure.

[0051]

FIG. 5C is a schematic illustrating the output of a scoring function, for
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example a graph signal processing (GSP) score map 530, in which higher score
values 531 are illustrated using lighter colors, according to embodiments of the
present disclosure. This scoring function, for example, can assign higher score
values to areas of the patch, grid, or point cloud that exhibit discontinuities, as can
be the case along edges of objects represented in 2D or 3D space.

[0052]

Resampling

Still referring to FIG. 5C, régarding resampling (to reduce the number of
points in the block), given a region or block containing P1 points, the scoring
function 530 can be used to identify a subset of P2 points whose score is less than
or greater than a threshold. Subsequent processing of the region, block or partition
then continues using the P2 points instead of the P1 points. Computational
complexity of the system or the amount of data that is signaled to the bit-stream
can be reduced when P2 <P1.

[0053]

FIG. 5D is a schematic illustrating a PRIOR ART uniform splitting
method 540 having a number of patches at 52. |
[0054]

FIG. 5E and FIG. SF are schematics illustrating a method of
data-dependent non-uniform splitting 550 of FIG. SE and 560 of FIG. SF,
according to embodiments of the present disclosure. Wherein, FIG. SE shows the
locations of non-uniform splitting when using sliding windows 307 of FIG. 3A
and 327 of FIG. 3B along lines of data when calculating maximum score points

309 of FIG. 3A and 329 FIG. 3B, resulting in 31 patches. Wherein FIG. 5F shows
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the locations of non-uniform splitting when using sliding windows 407 of FIG.
4A and 427 FIG. 4B along regions or rectangles of data_ when calculating
maximum score points 409 of FIG. 4A and 429 of FIG. 4A, resulting in 36
patches. Specifically, the data-dependent non-uniform splitting 550 of FIG. 5E
and 560 of FIG. 5F, according to embodiments of the present disclosure show
fewer patéhes, respectively, 31 patches for 550 of FIG. 5E, 36 patches for 560 of
FIG. 5F, than that of the PRIOR ART method 540 of FIG. 5D, i.e. 52 patches.
[0055]

Referring to FIG. 5B, the range map or depth map 520 represents the
distaﬁce of each point from a plane or the elevation or depth of each point is used
as data input to the scoring function. In the score map 530, the point locations
corresponding to the point cloud 510 or indices corresponding to the point cloud
510, or corresponding to the range map 520, are highlighted or illustrated with d
lighter color where the scoring function was best, e.g. maximum. In this case, a
graph signal processing (GSP) method was used to compute the scores. The
locations at where the best scores occur in this example tend to correspond to
edges or discontinuities in the point cloud 510 or range map 520.

[0056]

Referring to FIG. SE and FIG. SF, the optimal horizontal and vertical
splitting locations 550 of FIG. SE are shown when the methods of FIG. 3A and
FIG. 3B are used. Also, the optimal horizontal and vertical splitting locations 560
of FIG. SF are shown when the methods of FIG. 4A and FIG. 4B are used. The
graph signal processing (GSP) method can be a fast resampling method. For

example, when a particular graph filter is applied on the geometric information of
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each point in the point cloud, the filtering results or output 530 of FIG. 5C can
serve as scores reflecting the importance of a point or set of points input to the
filter, in terms of geometric properties. If any other attributes are of interest in the
importance evaluation, the same graph filter can be applied on them, and the final
filtering score could be a weighted sum of all the filtering results on geometric
position and attributes associated with the points.

[0057]

FIG. 6 is a flow diagram illustrating a list of some steps for implementing
a splitting process 600, according to embodiments of the present disclosure. Some
steps for implementing a splitting process, can include step 610 which illustrates a
splitting function, i.e. “Function Split (r)”, that has as input a block, partition or
patch r, that has an initial dimension such as width and height.

[0058]

Referring to steps 615, 620 and 625, step 615 of FIG. 6A, shows that if the
height is greater than the width, that this can be expressed as, “if Height of a patch
> Width of a patch”. Then, step 620 illustrates the split direction can be set to
horizontal if the height is greater than the width, otherwise, the split direction can
be set to vertical, as shown in step 625, i.e. “choose split direction->Horizontal,
else split direction->Vertical”.

[0059]

Step 630 of FIG. 6A, illustrates a scoring function is then computed, for
example, a graph signal processing scoring function GSPscoreScan(conv.width),
where conv.width indicates the size, or size and dimensions of the search area.

Also, conv.width can include other information, such as the size of the skip area.
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‘The scoring function returns max_score location, which is the location, e.g. a
horizontal or vertical position or offset, of the location where the score is optimal,
i.e. “max_score location = GSPscoreScan(conv. width)”. The block, partition or
patch or region r can be split into two regions rl (step 635) and r2 (step 640).
[0060]

Step 635 of FIG. 6A, illustrates the block, partition or patch or region (r )
can be split into region 1 (r1), wherein r1 corresponds to where the position in the
region is to one side of the split location, i.e. #/ = set of points in patch whose
position with respect to the split direction is less than (<) to the
max_score_location.

[0061] | |

Step 640 of FIG. 6A, illustrates the block, partition or patch or region (r )
that can be split into region 2 (r2), wherein 12 corresponds to where the position is
on the other side of the split location, i.e. ¥2 = set of points in patch whose
position with respect to the split direction is greater than or equal (>= ) fo the
max_score_location.

[0062]

Step 645 of FIG. 6A, illustrates that this splitting process can be repeated
on the sub-partitions r1, for example, if the sub-partitions satisfy certain criteria,
such as a minimum size or dimension, i.e. dimensions of vl > specified dimension
or dimensions.

[0063]
Step 650 of FIG. 6A, shows that if the sub-partitions satisfy the criteria

that rl is greater than the specified dimension, then call Function Split (1), i.e. if
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the dimensions of vl are greater (>) than a specified dimension or dimensions,
then call Function Split (vl).
[0064]

Step 655 of FIG. 6A, shows that if the sub-partitions do not satisfy the
criteria, then the rl splitting process is done, 1.e. done splitting r1.
[0065]

Step 660 of FIG. 6A, illustrates that this splitting process can be repeated
on the sub-partitions r2, for example, if the sub-partitions satisfy certain criteria,
such as a minimum size or dimension, i.e. dimensions of ¥2 > specified dimension
or dimensions.

[0066]

Step 665 of FIG. 6A, shows that if the sub-partitions satisfy the criteria
that 2 is greater than the specified dimension, then call Function Split (1), i.e. if
the dimensions of vl are greater (>) than a specified dimension or dimensions,
then call Function Split (rl).

[0067]

Step 670 of FIG. 6A, shows that if the sub-partitions do not satisfy the
criteria, then the r2 splitting process is done, i.e. done splitting r2.
[0068]

FIG. 7 is a block diagram illustrating some steps for decoding data from a
bit-stream, when data-dependent non-uniform splitting is used, according to
embodiments of the present disclosure. For example, FIG. 7 lists the syntax for a
bit-stream used for decoding data, when data-dependent non-uniform splitting is

used. The initial patch, region, or block size is decoded 701, e.g. a height and
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width. A split flag for the region is decoded 702. The presence of a split is
determined by determining 705 whether the split flag is true (yes) or false (no).
For example, a flag value of 1 can indicate the presence of a split, and a flag value
of 0 can indicate that no split is present. If the split flag is true (yes), e.g. 1, then
the region will be split into sub-regions. If the split flag is false (no), e.g. 0, then
the region will not be split further. If the split flag is 1, then the split location or
split index which defines each sub-region is decoded 703. The split location can
be an offset, absolute location or coordinate, an integer specifying an offset from
a pre-specified position in the current region such as the cornér of the region, a
horizontal, vertical, or horizontal and vertical offset, or an index to a look-up table,
which maps e€ach index to a horizontal, vertical, or horizontal and vertical offset.
The set of split flags can be considered as being a specification of a split tree,
which defines the split hierarchical for the entire set of partitions or sub-partitions.
If the split flag is false (no), e.g. 0, then the region is no longer split, and data
associated with the region is decoded 704, then the method is done with decoding
syntax for region or sub-regioh 709. This data can include control points for
fitting patches, quantized prediction residuals, point location data, or attribute data.
If the split flag is true (yes), e.g. 1, and thus sub-regions are defined, then for each
sub-region output by 703, the syntax repeats for each sub-region starting from 702.
It is not necessary to go back to 701 to specify a width and height, because the
decoder can infer the width and height of each sub-region based upon the split
locations.

[0069]

Still referring to FIG. 7, noted is that the split index includes, but is not
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limited to:

(1) An integer specifying an offset from a pre-specified position in the current

block or grid;-
(2) A horizontal, vertical, or horizontal and vertical offset;
(3) An index to a look-up table, which maps each index to a horizontal, vertical,
or horizontal and vertical offset.
[0070]
Aligning/resampling to a grid
Given a region, block or partition containing arbitrarily-located points, the
points are resampled or aligned to a predetermined subset of locations. For
example, if the coordinates of each point comprise floating point numbers
between 0.0 and 1.0, the coordinates can be aligned, such as through a
quantization or repositioning process, such that all coordinates are multiples of
0.1. In this example, the points would therefore be aligned to a grid of resolution
0.1. This aligning of resampling therefore reduces the number of possible
coordinates for each point, which reduces the number of possible different values
for coordinates that would need to be signaled to the bit-stream.
[0071] |
In another embodiment, the coordinates would not be signaled directly,

but an index would be signaled. For example, if the coordinate of each point is
greater than or equal 0.0 and is less than 1.0, and if a grid resolution is 0.5, then
point coordinates in the region would be realigned to 0.0 or 0.5. In that case, a
one-bit flag can be used to indicate whether a coordinate has been aligned to 0.0

or 0.5. If the grid resolution is 1.0, then nothing would need to be signaled to
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indicateb the realigned point coordinates, as they would be co-aligned with the
origin or corner of the region.

[0072]

Method to organize an unorganized point cloud

FIG. 8A is a schematic illustrating a method for organiiing an
unorganized point cloud, according to embodiments of the present disclosure.
[0073] |

FIG. 8B is a schematic illustrating an organizational gridlor a matrix for
example, in 2D space, with each position in the grid having an index, according to
embodiments of the present disclosure;

[0074]

FIG. 8C is a schématic illustrating a scanning process for »a method for
organizing an unorganized point cloud, according to embodiments of the present
disclosure;

[0075] |
FIG. 8D is a schematic illustrating a mapping process for a method for
~organizing an unorganized point cloud, according to embodiments of the present
disclosure;
[0076]

For example, the point cloud 801 of FIG. 8A can have N
arbitrarily-located points at coordinates (xn,yn,zn), n=1,2,...N and is denoted as
being an unorganized point cloud. In this example, each point is labeled with a
letter, A thfough G. An organizational grid 802 of FIG. 8B is defined as a matrix

or grid, for example, in 2D space, with each position in the grid having an index.
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For the 2D grid case, there is a horizontal index u 802 and vertical index v 803 of
FIG. 8B. Each point in the point cloud 801 of FIG. 8A will be mapped, thus
organized, to a position in the grid 802 of FIG. 8B. Therefore, each point in the
point cloud can be indexed via (u,v). Subsequent partitioning of the (u,v) space
802 therefore partitions the point cloud 801 into subgroups of points where each
element in a given partition of (u,v) space corresponds to a subset of points in the
point cloud 801.

[0077]

In one embodiment, the mapping of each point in the point cloud 701 to
positions in the organizational grid 802 of FIG. 8B is predetermined or known
before the point cloud is encoded.

[0078]

In another embodiment, a process maps each point of the point cloud 801
of FIG. 8A to a position in the organizational grid 802 of FIG. 8B. This process
can be a scanning process 810 of FIG. 8C. A position such as a fixed position in
3D space is designated as the scan origin 811 of FIG. 8C. The points in the point
cloud 801 of FIG. 8A will be virtually scanned based on their position relative to
the scan origin, in an order based upon a scan direction 812 of FIG. 8C. The scan
direction can be specified for example by an angle 6 relative to a fixed direction.
There are J scans, with each scan having a radius or distance 813 of FIG. 8C from
the scan origin 1, j=1, 2,...,J. In the mapping example 820 of FIG. 8D, the point
cloud is scanned 830, 832, 834 with radii r, r,, r3, respectively. In this case, the
number J of radii correspond to the number of elements V 804 of FIG. 8B in the

v-direction of the organizational grid. All points in the point cloud within a given
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threshold distance from the scan are associated with that scan and then are
removed from future consideration for subsequent scans. The range of angles over
with a scan operates is divided into U equal partitions where U is the number of
elements 803 of FIG. 8B in the organizational grid in the u direction. Given a scan
radius 1j, the scan 820 of FIG. 8D associated with that radius can be divided into
U partitions. These partitions can be equally spaced with respect to the scan
direction 820. For all points in the point cloud that have been associated with scan
1j, each of those points is assigned to an index position u on the organization grid
corresponding to the partition of the scan. Larger values of U would correspond to
either longer scans or scans having smaller partitions, e.g. finer resolution scans.
In 820, points B and D are assdciated with the first scan, and are placed in the
corresponding row v=1 of the organizational grid. Points A and C are associated
with the second scan, and points E, F, and G are associated with the third scan.
The final mapping 821 of FIG. 8D of each point in the point cloud to the
organizational grid allows each point in the 3D point cloud to be indexed by a
location (u,v) in the organizational grid. Empty positions in the organizational
grid are not mapped to a point in the point cloud. By mapping in this way, points
that are adjacent to each other in 3D space are likely to be adjacent to each other
in the organizational grid. Selecting regions or groups of boints in the
organizational grid therefore are likely to select related groups of points in 3D
space.
[0079]

In another embodiment, U and V are sufficiently large so every point in

the point cloud is mapped to a unique positibn on the organizational grid.
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[0080]

In another embodiment, more than one point can Be mapped to the same
position in the organizational grid. In this case, the set of points that are mapped
to a given position in the organizational grid can be represented by a single point,
such as the average of the point positions or some other function of the point
positions.

[0081]

In another embodiment, the organizational grid may be sparse, i.e. have
many empty positions. In this case, the organizational grid can be resampled or
down sampled to reduce the number of empty positions. One example method to
achieve this is by shifting or compacting non-empty positions toward one edge of
the organizational grid. Another method can reduce the number of rows or
columns in the organizational grid.by grouping points eliminated rows or columns
into the corresponding row or column of non-removed rows or columns. The
non-removed elements of the organizational grid that contain multiple points can
be replaced with single points as described earlier.

[0082]

A method for encoding and decoding a point cloud of representing a scene
using an encoder and decoder including a processor in communication with a
memory includes steps of performing data-dependent non-uniform partitioning,
resampling to reduce the number of points in a block, aligning and resampling
points to a grid, predicting points from the center or predetermined location in a
block, predicting a chain or sequence of points from previously-decoded points,

reordering the points in a sequence of point cloud points such as the distance
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between successive points is minimized, reordering the point cloud points in a
~sequence such that the frequency of occurrence of identical differences between
points is maximized, skipping the encoding or decoding of a point if it is identical
to or within a specified threshold distance from an already-decoded point, and
organizing an unorganized point cloud by mapping each point or groups of points

to positional elements on an organizational grid.
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[CLAIMS]
[Claim 1]

A point cloud decoder, comprising:

a processor to decode each block in a set of blocks from a point cloud, so
as to obtain a decoded point cloud, wherein each block includes a set of points,
such that for each block the processor is to |

decode a set of prediction residuals from a compressed bitstream;
use a predetermined location in the block;
compute for each prediction residual in the set of prediction
residuals, a position of a point by adding the prediction residual to the
predetermined location, so as to obtain a set of decoded points for the block,
wherein the decoded points for the blocks in the set of blocks
represent the decoded point cloud.
[Claim 2]

The point cloud decoder of claim 1, wherein a decoded point is excluded
from the sequence of decoded points representing the decoded point cloud, if the
decoded is identical to, or within a predetermined threshold distance, from a
previously decoded point in the sequence of decoded pointé representing the
decoded point cloud.

[Claim 3]

The point cloud decoder of claim 1, wherein the compressed bitstream is
produced by a point cloud encoder, such that the encoder includes a processor to
encode a block of points from a point cloud, so as to obtain an encoded point

cloud, wherein the point cloud includes a set of blocks and each block includes a
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set of points, the processor is to use a predetermined location in the block,
compute for each point, a difference between a position of the point to the
predetermined location, vso as to obtain a set of prediction residuals for the set of
points in the block, and a transmitter to transmit the set of prediction residuals
over a compressed bitstream.

[Claim 4]

The point cloud decoder of claim 3, wherein the points in each block are
processed according to an order, in which, the points were acquired by a sensor.
[Claim 5]

The point cloud decoder of claim 3, wherein the encoding of a point is
skipped if the point is identical to, or within a predetermined threshold distance,
from a previously encoded point.

[Claim 6]

The point cloud decoder of claim 3, wherein the encoding of a point is
skipped, if the point when decoded, is identical to, or within, a predetermined
threshold distance, from a previously decoded point.

[Claim 7]

The point cloud decoder of claim 3, further comprising:

organize the point cloud by mapping each point from the.set of points to
positional elements on an organizational grid.

[Claim 8]

The point cloud decoder of claim 7, wherein the set of points are scanned

according to an angle and a radius, such that each point in the set of points is

mapped to a two-dimension (2D) grid,
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wherein a first dimension of the 2D grid is according to the angle, such
that as the angle increases, the position on the grid along the first dimension also
Increases,

wherein a second dimension of the 2D grid is according to the angle, such
that as the radius increases, the position on the grid along the second dimension
also increases.

[Claim 9]

The point cloud decoder of claim 3, further comprising:

perform data-dependent non-uniform partitioning of a region having a set
of points, such that a location of the partitioning across at least one dimension of
the region is determined by a scoring function, |

wherein an input to the scoring function is a subset of points within a
search area, and the location of the point that corresponds to where an output of
the scoring function is maximized, corresponds to the location of the partitioning
of the region across the dimension.

[Claim 10]

The point cloud decoder of claim 9, wherein the output of the scoring
function, which has as an input a subset of points associated with an area of the
point cloud exhibiting discontinuities, are score values higher than the output of
the scoring function which has as an input a subset of points associated with
areas of the point cloud that do not exhibit discontinuities.

[Claim 11]
The point cloud decoder of claim 3, further comprising:

perform resampling of the points in the block of points, wherein the
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resampling is to reduce a number of points in the set of points of the block to a
sﬁbset of points, and is based on a resampling scoring function, such that the
resampling scoring function identifies the subset of points, such that if output of
the scoring function is higher than a predetermined threshold, then the points are
included in the subset.
[Claim 12]
The point cloud decoder of claim 3, further comprising:
align the points in the set of points to a grid resolution, and resample
points to a predetermined subset of locations or a grid.
[Claim 13]
A method for decoding a point cloud, comprising:
using a processor connected to a memory, to decode each block in a set of
blocks from a point cloud, so as to obtain a decoded point cloud, wherein each
block includes a set of points, such that for each block the processor is for
decoding a set of prediction residuals from a compressed bitstream;
using a predetermined location in the block;
computing for each prediction residual in the set of prediction
residuals, a position of a point by adding the prediction residual to the
predetermined location, so as to obtain a set of decoded points for the block,
wherein the decoded points for the blocks in the set of blocks
represent the decoded point cloud.
[Claim 14]
A point cloud decoder, comprising:

a memory having data stored including previously decoded points;
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a processor to decode a sequence of points from a compressed bitstream,

so as to obtain a décoded point cloud, the processor is to

decode a sequence of prediction residuals from the compressed
bitstream;

compute for each prediction residual in the sequence of prediction
residuals, a position of a point by adding the prediction residual to a position of a
previously decoded point stored in the memory, so as to obtain a sequence of
decoded points,

wherein the sequence of decoded points represents the decoded
point cloud.
[Claim 15]

The decoder of claim 14, wherein the previously decoded point
corresponds to a point in the sequence of points that is decoded immediately
before the point in the sequence.

[Claim 16]

The decoder of claim 14, wherein the previously decoded point
corresponds to the first point in the sequence of points that is decoded.
[Claim 17]

The decoder of claim 14, wherein a decoded point is excluded from the
sequence of decoded points representing the decoded point cloud, if the decoded
is identical to, or within a predetermined threshold distance, from a previously
decoded. point in the sequence of decoded points representing the decoded point
cloud.

[Claim 18]
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The decoder of claim 14, further comprising:

compute for a first prediction residual in the sequence of prediction
residuals, a position of a first decoded point of the sequence of decoded points,
by adding the first prediction residual, to a predetermined location in a three
dimensional (3D) space, so as to obtain the first decoded point of the sequence of
decoded points. |
[Claim 19]

The decoder of claim 18, wherein the 3D space is an N dimensional
space.

[Claim 20]

The decoder of claim 18, wherein the predetermined location is a center
of the block.
[Claim 21]

The point cloud decoder of claim 14, wherein the compressed bitstream is
produced by a point cloud encoder, such that the encoder includes a processor to
encode a sequence of points from a point cloud, so as to obtain an encoded point
cloud, wherein the processor is to compute for each point, a difference between a
position of the point to a previously decoded point stored in the memory, so as to
obtain a sequence of prediction residuals for the sequence of points, and a
transmitter to transmit the sequence of prediction residuals over a compressed
bitstream.

[Claim 22]
The decoder of claim 21, further comprising:

reorder the points in a sequence of point cloud points, so that a distance
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between successive points is less than that of the point cloud prior to reordering.
[Claim 23]

The decoder of claim 21, further comprising:

reorder the point cloud points in a sequence, such that a frequency of
occufrence of identical differences between points is greater than the frequency
of occurrence of identical differences between points prior to reordering.
[Claim 24]

The decoder of claim 21, wherein the order of points in the sequence are
according to an order, in which, the points were acquired by a sensor.
[Claim 25]

The decoder of claim 21, wherein the encoding of a point is skipped if the
point is identical to, or within a predetermined threshold distance, from a
previously encoded point.
[Claim 26]

The decoder of claim 21, wherein the encoding of a point is skipped if the
point when decoded is identical to, or within a predetermined threshold distance,

from a previously decoded point.
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prediction for point cloud compression", 13-22,
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A,P Introduction 23
Point prediction;

page 1, paragraph 1 - paragraph 2.1
Differential prediction from block center
Sequential prediction;

page 2, paragraph 2.2.1 - page 3,
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_/__

Further documents are listed in the continuation of Box C. D See patent family annex.
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means being obvious to a person skilled in the art
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MEKURIA RUFAEL ET AL: "Design,
Implementation, and Evaluation of a Point
Cloud Codec for Tele-Immersive Video",
IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS
FOR VIDEO TECHNOLOGY, INSTITUTE OF
ELECTRICAL AND ELECTRONICS ENGINEERS, US,
vol. 27, no. 4, 1 April 2017 (2017-04-01),
pages 828-842, XP011644783,

ISSN: 1051-8215, DOI:
10.1109/TCSVT.2016.2543039

[retrieved on 2017-04-03]

abstract

Introduction;

page 828

Related work: basic concepts;

page 830, paragraph I.C

Coding scheme;

page 831, column 2, paragraph II.B - page
832, column 1; figure 4

Bounding Box;

page 832, column 2, paragraph III.A;
figure 6

Predictive Algorithm;

paragraph [IV.A]; figure 8

Objective quality evaluation metric;

page 836, column 1, paragraph V.B

AINALA KHARTIK ET AL: "An improved
enhancement layer for octree based point
cloud compression with plane projection
approximation",

PROCEEDINGS OF SPIE; [PROCEEDINGS OF SPIE
ISSN 0277-786X VOLUME 10524], SPIE, US,
vol. 9971, 27 September 2016 (2016-09-27),
pages 99710R-99710R, XP060078033,

DOI: 10.1117/12.2237753

ISBN: 978-1-5106-1533-5

abstract

Introdcuction;

page 1 - page 2

MPEG point cloud compression;

page 2, paragraph 2 - page 3; figure 1

_/__
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13-22,
24-26
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COHEN ROBERT A ET AL: "Representation and
coding of large-scale 3D dynamic maps",
PROCEEDINGS OF SPIE; [PROCEEDINGS OF SPIE
ISSN 0277-786X VOLUME 10524], SPIE, US,
vol. 9971, 27 September 2016 (2016-09-27),
pages 99710T-99710T, XP060078035,

DOI: 10.1117/12.2237755

ISBN: 978-1-5106-1533-5

Representation and compression format.;
page 3, paragraph 2.2 - paragraph 2.3
Attribute compression and Intra
prediction; block based prediction;

page 3, paragraph 3 - page 4, paragraph
3.1; figure 2

Point Tocation compression.;

page 6, paragraph 4

DE QUEIROZ RICARDO L ET AL:
"Motion-Compensated Compression of Dynamic
Voxelized Point Clouds",

IEEE TRANSACTIONS ON IMAGE PROCESSING,
IEEE SERVICE CENTER, PISCATAWAY, NJ, US,
vol. 26, no. 8, 1 August 2017 (2017-08-01)
, pages 3886-3895, XP011653025,

ISSN: 1057-7149, DOI:
10.1109/TIP.2017.2707807

[retrieved on 2017-06-13]

page 3886, paragraph 1

page 3887, column 1, paragraph II

page 3889, paragraph V; figures 4,5

BIRENDRA KATHARIYA (UMKC) ET AL: "Dynamic
Geometry Compression with Binary Tree
Based Prediction and Residual Coding",
118. MPEG MEETING; 3-4-2017 - 7-4-2017;
HOBART; (MOTION PICTURE EXPERT GROUP OR
ISO/IEC JTC1/SC29/WG11),,

no. md0607, 31 March 2017 (2017-03-31),
XP030068952,

Dynamic geometry coding;

page 1, paragraph 2

Resampling of reference point cloud block;
page 3, paragraph 2.2

CHEN SIHENG ET AL: "Contour-enhanced
resampling of 3D point clouds via graphs",
2017 TEEE INTERNATIONAL CONFERENCE ON
ACOUSTICS, SPEECH AND SIGNAL PROCESSING
(ICASSP), IEEE,

5 March 2017 (2017-03-05), pages
2941-2945, XP033258952,

DOI: 10.1109/ICASSP.2017.7952695
[retrieved on 2017-06-16]

page 2941, paragraph 1 - page 2942,
paragraph 2
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

m No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-6, 13-26

Claims 1-6, 13, 14-26 (wherein claims 2 and 3 are dependent
on claim 1; claim 4 is dependent on claim 3; claims 5-6 are
also dependent on claim 3. In this group of claims: claims
1-3 and 5-6 relate to generic prediction based residual
coding; claim 4 goes into the direction of "order of coding"
of points, namely it deals with processing the points in
each block according to an order). The technical effect of
the feature of claim 4 is menitioned at page 13 of the
specification. The scope of the feature of claim 4 is
"reducing the energy of the prediction residuals signaled
for the case when a chain or sequence of points is
signaled". Claim 4 is therefore a first branch starting from
claim 3.

Claims 14-26 are not concise with the branch of claims 1-12
and they also scatter into different directions; the
subject-matter of claims 14-22, 24-26 is however rendered
obvious by D2.

2. claims: 7, 8

Claim 7 (dependent on claim 3): relates to organizing the
point cloud by mapping on an organizational grid. The
problem solved by the technical features mentioned in this
claim is expressed at page 30 of the specification: the
selection of regions or group of points in the
organizational grid is needed to select related groups of
points in the 3D space.

3. claims: 9, 10

Claim 9 and 10 (claim 9 is dependent on claim 3) relate to a
method for performing data dependent non uniform
partitioning (by employing a scoring function).

The problem solved by this branch of claims is that of
optimizing the partitioning of the data such that it is more
semantically meaningful from the compression point of view
(e.g. an object belongs to a single partitioned area and not
to multiple partitioned areas).

4. claims: 11, 12

Claims 11 and 12 (claim 11 is dependent on claim 3) relate
to resampling of the points in the blocks of points: the
resampling is performed to possibly reduce the computational
complexity (as mentioned in the specification at page 21,
paragraph 52, section resampling).
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