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— ABSTRACT

Method and Apparatus to Encode and Decode Two-Dimension Point
Clouds

The present disclosure relates to methods, devices or streams for encoding,
transmitting and decoding two-dimension point clouds. When encoding point clouds
as frames, a large number of pixels are not used. A dense mapping operator

10  optimizes the use of pixels but requires a lot of data to be encoded in the stream and
its inverse operator is difficult to compute. According to the present principles, a
simplified mapping operator is generated according to a dense mapping operator and
is stored as matrices of two-dimension coordinates representative of an unfolded grid
which requires low space in the stream. The inverse operator 1s easy to generate

15  according to the unfolded grd.

Figure 3
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Method and Apparatus to Encode and Decode Two-Dimension Point
Clouds

1. Technical field

5 The present disclosure relates to the domain of encoding and decoding data
representative of two-dimension point clouds as frames of pixels, especially when

the point cloud comprises dense parts and void parts.
2. Background

A frame is an array of pixels containing a value, for example a color value or

10  a depth value. A frame may be used to represent an image and, in this case, every

pixel is set to a meaningful value. A frame may also be used to encode other Kinds of

data, for example a two-dimension point cloud. A two-dimension point cloud 1s a set

of two-dimension coordinates associated with a value, for example a color or a depth

information. Coordinates of the points are expressed in the frame of reference of the

15 frame. A two-dimension point cloud may be the result of the projection of a n-
dimension point cloud on a surface, with n greater than two.

In this case, some pixels contain points and are given a meaningtul value (e.g.
color or depth) and some others do not contain points and get no value at all. To
encode such an image, a default value is attributed to unused pixels. The detault

20  value has to be excluded from the range of meaningful values. In addition, as the
frame is a rasterized surface, two close points may have to be encoded in the same
pixel. This is a problem at the decoding side as it is no longer possible to distinguish
these two points from a single information. This problem may be resolved by using
one unused pixel to encode one of the two points and so not mixing their value in a

25  single pixel. The problem is then to retrieve the original coordinates of the points.

Various techniques exist to optimize the use of pixels in a frame containing

unused pixels. Grid generation algorithms, for instance, generate a mapping operator
in order to better spread points of the two-dimension point cloud over the frame. The
principles comprise in encoding distinct points in distinct pixels as much as possible
30 by widening dense parts of the projected point cloud and tightening void parts of the
projected point cloud. The mapping operator is often not a function (but a more

complex algorithm) and is sometime not invertible. Such a mapping operator
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requires a lot of space to be encoded in a stream as it is not a parametrized function
but a complex algorithm. In addition, at the decoding side, the inverse of the
mapping operator is required to be computed in order to retrieve the original point
cloud. Computing such an inverse operator is time and resource consuming, even 1f
5  possible. Indeed, some of found mapping optimization solutions do not have inverse
operators. There is a lack of a technical solution for optimizing point cloud spread on
a frame with an efficient embedding of the inverse mapping operator within the

stream.
3. Summary

10 An aspect of the present disclosure involves overcoming the lack of an
encoding and decoding method to store, compress and transmit two-dimension point

clouds as frames.

Another aspect of the present disclosure relates to a method of decoding a
two-dimension point cloud from a bit stream. The method comprises:
15 — Obtaining, from the bit stream, a frame of pixels and data representative of an
unfolded grid, the data being associated with the frame;

— Determining an un-mapping operator according to said unfolded grid; and

— Decoding the point cloud by applying the un-mapping operator to the frame.

20 In an embodiment, the un-mapping operator may be a piecewise bilinear
interpolator parametrized with the unfolded grid.

According to another aspect, the unfolded grid may be associated with a

group of frames in the bit stream and the method further comprises decoding frames

of the group of frames by applying the un-mapping operator determined according to

25  said unfolded grid to the frames of the group.

The present disclosure also relates to a method of encoding a two-dimension

point cloud in a bit stream. The method comprises:

— Generating an unfolded grid by mapping a regular grid according to a dense

30 mapping operator;

CA 3003608 2018-05-02



3 PF160156-CA-NP

— Generating a frame of pixels by applying a mapping operator to the point
cloud, said mapping operator being determined according to the unfolded
orid; and

— Generating the bit stream by encoding said frame associated with data

5 representative of said unfolded grid in the bit stream.

The method generates an operator optimizing the distribution of the points
over the frame in order to minimize the number of ‘non-used’ pixels and to
maximize the number of information pixels. An advantage of the method may be
linked to the small size of data required to encode the mapping operator in the bit

10  stream and in the low processing resources needed to compute the operator and its
inverse at the decoding.

In an embodiment, the mapping operator is a piecewise bilinear interpolator
parametrized with the unfolded grid.

According to an aspect, the dense mapping operator is determined for a group

15  of point clouds, and the method further comprises generating a frame for each point
cloud of the group of point clouds and associating the unfolded grid with the
generated group of frames in the bit stream.

In an embodiment, the two-dimension point cloud may be a projection of a n-

dimension point cloud on a surface, n being greater than 2.

20
The present disclosure also relates to a device comprising a memory
assoclated with at least one processor configured to:
— Obtain, from a bit stream, a frame of pixels and data representative of an
unfolded grid, said data being associated with said frame;
25 — Determine an un-mapping operator according to the unfolded grid; and

— Decode the point cloud by applying the un-mapping operator to the frame.
In an embodiment, the un-mapping operator comprises a piecewise bilinear

interpolator parametrized with the unfolded grid.
According to another aspect, the unfolded grid may be associated with a
30 group of frames in the bit stream and the at least one processor may be further
configured to decode frames of the group of frames by applying the un-mapping

operator determined according to the unfolded grid to the frames.
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&

The present disclosure also relates to a device comprising a memory

associated with at least one processor configured to:

10

Generate an unfolded grid by mapping a regular grid according to a dense
mapping operator;

Generate a frame of pixels by applying a mapping operator to a two-
dimension point cloud, the mapping operator being determined according to
the unfolded grid; and

Generate a bit stream by encoding the frame associated with data

representative of the unfolded grid in the bit stream.

In an embodiment, the mapping operator comprises a piecewise bilinear

interpolator parametrized with the unfolded grid.

According to another aspect, the dense mapping operator may be determined

for a group of point clouds, and the at least one processor may be further configured

15 to generate a frame for each point cloud of said group of point clouds and to

associate said unfolded grid with the generated group of frames in the bit stream.

In an embodiment, the two-dimension point cloud may be a projection of a n-

dimension point cloud on a surface, n being greater than 2.

20

The present disclosure also relates to a stream carrying data representative of

a two-dimension point cloud, wherein the data comprises:

— a first syntax element relative to an unfolded grid generated by mapping a

25

regular grid according to a dense mapping operator; and
a second syntax element relative to at least one frame of pixels generated by
applying a mapping operator to the two-dimension point cloud, the mapping

operator being determined according to the unfolded grid;

wherein the unfolded grid may be associated with said at least one frame.

4. List of figures

The present disclosure will be better understood, and other specific features

30 and advantages will emerge upon reading the following description, the description

making reference to the annexed drawings wherein:
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Figure 1 illustrates a mapping operator for encoding a point cloud in a
rasterized frame, according to an embodiment of the present principles;

Figure 2 illustrates a Dense Mapping Operator (DMO) which maps the
points of the point cloud of figure 1 on a frame in non-orthogonal way,

according to an embodiment of the present principles;

Figure 3 diagrammatically shows the calculation of a Simplified
Mapping Operator (SMO) from a Dense Mapping Operator of tigure 2,
according to the present principles;

Figure 4 diagrammatically shows the encoding of a point cloud of figure
1 on a rectangular frame using a SMO as described on figure 3,

according to an embodiment;

Figure 5 diagrammatically illustrates the decoding of a point cloud from
a frame associated with data respectively corresponding to the frame of

figure 4 and the data of figure 3, according to an embodiment;

Figure 6 illustrates how bilinear piecewise interpolation may be used
according to the present principles;

Figure 7 illustrates a method for encoding two-dimension point clouds
according to a non-restrictive embodiment of the present principles;
Figure 8 illustrates a method of decoding a two-dimension point cloud
from a stream comprising a frame and data representative of an unfolded
two-dimension grid, according to an embodiment of the present
principles;

Figure 9 shows an exemplary architecture of a device which may be
configured to implement a method described in relation with figures 7
and/or 8, according to an embodiment of the present principles;

Figure 10 illustrates an example of a transmission of frame and data of
figures 3, 4 and 5 between two remote devices of figure 9 over a
communication network, according to an embodiment of the present
principles;

Figure 11 shows an example of an embodiment of the syntax of such a
stream when the data are transmitted over a packet-based transmission

protocol, according to an embodiment of the present principles;
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5. Detailed description of embodiments

5 The subject matter is now described with reference to the drawings, wherein
like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of the subject matter. It is
understood that subject matter embodiments can be practiced without these specific

10 details.

According to a non-limitative embodiment of the present disclosure, a
method and a device to encode, transmit and decode two-dimension point clouds are
disclosed in the present document.

A two-dimension point cloud is a set of two-dimension coordinates expressed

15  in a frame of reference and associated with a value (e.g. a color or a depth). A two-
dimension point cloud may be the result of a projection on a surface of a n-dimension
point cloud with n greater than two. A two-dimension point cloud may be encoded 1n
a rasterized frame (i.e. an array of pixels) mapped on the frame of reference. Every
point of the point cloud is mapped to one pixel. Several points may be mapped to a

20  single pixel. When two or more points are mapped to a single pixel, their associated
information is combined, for example averaged. When, for a given pixel, no point 1s
mapped, this pixel is set to a ‘not-used’ value. As color or depth pixels are not meant
to embed a ‘not-used’ value, it is common in the art to create an additional frame in
which pixels embed a Boolean value (‘not used’ / ‘used’) and a default value is given

25  to not-used pixels. Such a frame is called a “key frame” (or key image). Key frames
are used as a mask to distinguish between meaningful pixels and not-used pixels.
Key frames are usually not compressed or loss-less compressed because a small error

in a key image may generate a big error in the decoded image. A same key frame
may be used for several information frames (for instance a color frame and a depth
30 frame). Both information frames and key frame are encoded in a stream and
transmitted together. In a variant, information frames and key frame are transmitted

separately.
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Figure 1 illustrates the usual mapping operator for encoding a point cloud n
a rasterized frame. Each point of the point cloud 10 has coordinates in a frame of
reference associated to the space and embeds at least one information, for instance, a
depth or a color. A mapping operator 11 is used to map each point into a pixel of a
frame 12. Frame 12 has a width (i.e. a number of pixel columns) and a height (1.e. a
number of pixel rows). Identity Mapping Operator 11 (IMO) expresses the
coordinates of the points of point cloud 10 according to the width and the height of
frame 12. Identity Mapping Operator 11 associates to a point having coordinates
(u,v) belonging to [Umin, Umax] X [Vmin» Vmax), With a corresponding pixel (1, j)
belonging to [0, W-1] x [0, H-1] where W and H respectively stand for the width and
the height of frame 12.

A general form for mapping operator 11 may be given by

et ()= oor((4 9)m({(s Tt~ o)

Where M, is a normalized mapping operator which is the identity function n
the case of My = IMO 11. Such an operator has the advantage to be simple to
implement with a direct and simple to compute inverse operator. This operator has
no need to be encoded in the stream as it is used as the default mapping operator and
un-mapping in the state of the art. IMO 11 stores point information in pixels 13 of
frame 12. For dense parts of the point cloud, it i1s highly probable that two or more
points are mapped into a same pixel. Respective associated values are then combined

in a unique (for instance averaged) value. A big part 14 of the frame pixels are set to

‘not-used’ value. This area 14 is useless whereas it could be used to store information
of distinct points which are combined into a same pixel by IMO 11.

Figure 2 illustrates a Dense Mapping Operator 21 (DMO) which maps the
points of the point cloud 10 of figure 1 on a frame 22 in non-orthogonal way. The
DMO 21 is an operator which maps points on a frame differently according to a local
density of points in the cloud. Such an operator optimizes the distribution of the
points over the frame in order to minimize the number of ‘non-used’ pixels and to
maximize the number of information pixels. This technical effect is illustrated on

figure 2: the useful part 13 of frame 22 is wider than the useful part of frame 12 of
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ficure 1 while the ‘not-used’ part 14 of frame 22 is smaller than the ‘not-used” part
14 of frame 12. Techniques exist to compute such a Dense Mapping Operator 21 and
perform adaptive warping. Among these techniques, a category of grid generation
algorithms (as, for example in "A Practical Guide to Direct Optimization for Planar
5  Grid-Generation", J.LE. CASTILLO, J.S. OTTO) has the advantage to ensure some
key properties that such an operator should have. In particular, the grid generation
algorithm has to be chosen to generate unfolded projection of the point cloud space
in the frame space. It is a required property of the selected Dense Mapping Operator
in order to allow computing a Simplified Mapping Operator, for example, as a
10  bilinear piecewise interpolator.

An optimized Dense Mapping Operator 21 may be calculated for a frame or a
sequence of frames such as a Group of Pictures (GOP) of video compression
standards. Computing such a DMO is time and resource consuming. Computing the
inverse operator is also complex. In some cases, the inverse operator 1s not even

15 mathematically definable. In any case, encoding such an algorithm would require a
long list of parameters which has to be loss-less compressed (or even not compressed
at all). It would not be efficient to associate the encoding of a DMO or the encoding
of its inverse DMO™ with a frame or a GOP. The computation of the DMO
optimized for an image or a sequence of images is out of the scope of the present

20  disclosure. DMO is computed to be optimal for a point cloud or a group of point
clouds. DMO 21 may be different for different point clouds to encode. The mapping
of point cloud 10 in frame 22 follows equation [eq. 1] where My = DMO 21.

Figure 3 diagrammatically shows the calculation of a Simplified Mapping

25  Operator 31 from a Dense Mapping Operator 21, according to the present principles.
First, a regular grid 30 of K*L points is set. On figure 3, the points of the grid are
linked by segments for visual purpose only. The grid is a set of points regularly
distributed over the space of the point cloud. Coordinates of these points are
regularly distributed in the frame of reference of the space. The information

30 associated with these points is an existence value (i.e. a Boolean value). This regular
point cloud (that is further referred as ‘the grid’) 30 is mapped on frame 32 using
DMO 21 computed for point cloud (or group of point clouds) 10 of figure 2. As a
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result, the K*L points of the grid 30 are mapped in pixels of frame 32. Frame 32 has

the same size as frame 22. On figure 3, the points of frame 32 are linked by segments

for visual purpose only. Segments illustrate the unfolding key feature of Dense
Mapping Operators such as DMO 21: the result of the projection by DMO 21 of the

5  grid 30 is a grid; that is ‘no segment of the mapped grid crosses another segment of
the mapped grid’. Points of the grid 30 remain in the same structural order atter
mapping by DMO 21. Two points A and B of the grid 30 may be projected to the

same pixel of image 32. If DMO 21 leads to such a situation, that comes from the

fact that there is no point in the point cloud (or group of point clouds) 10 of figure 2

10  between (and/or within the close neighborhood of) the coordinates of points A and B.
According to the present principles, at this step, two objects are generated.

First the K*L coordinates of the mapped points of grid 30 are stored and encoded 1n

data 33. Data 33 are encoded as a K*L matrix of two-dimension coordinates. In a
variant, data 33 are encoded as two K*L matrices of integers or floating numbers. In

15  a variant, the K*L coordinates are normalized on the width and the height of the
image and are stored in data 33. These matrices will be used to define, for example

by parametrization, the inverse operator. Second, a Simplified Mapping Operator 31

is computed as an interpolator between points of grid 32. For instance, the
interpolator may be a bilinear piecewise interpolator between projected points. In a

20  variant, the interpolator may be a bicubic piecewise interpolator, as described, for
instance in Fritsch, F. N., & Carlson, R. E. (1980) “Monotone piecewise cubic
interpolation”; SIAM Journal on Numerical Analysis, 17(2), 238-246. In another

variant, the interpolator may be a Lanczos filter that is well-known from persons
skilled in the art.
25
Bilinear piecewise interpolation illustrated in figure 6 is a technique well-
known by persons skilled in the domain of image processing. A point of point cloud
10 mapped by IMO 11 would have the coordinates 60a. This position can be
expressed in the frame of reference of a rectangle defined by four points 61a, 62a,
30 63a and 64a of regular grid 30. This position is normalized in the rectangle. For
example, coordinates 60a have an x-value equal to a percentage 65 of the length of

“segment [61a — 62a] (and so of the segment [64a — 63a]) and a y-value equal to a
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percentage 66 of the length of segment [61a — 64a] (and so of the segment [62a —
63a]). A bilinear piecewise interpolation keeps these percentages according to the
segments corresponding to the mapping by DMO 21 of the four points 61a, 62a, 63a

and 64a of regular grid 30. Coordinates 61b, 62b, 63b and 64b (stored in data 33) are

5 the mappings by DMO 21 of respective coordinates 61a, 62a, 63a and 64a. The
bilinear piecewise interpolation of coordinates 60a are then 60b. Percentage values

65 and 66 are kept by this transformation respectively on segments [61b — 62b] and
[64b — 63b] for x-value and on segments [61b — 64b] and [62b — 63b] for y-value 1n

the mapped frame of reference. This operator is simple to be determined according to

10  coordinates 61b, 62b, 63b and 64b and its application to a point cloud is very tast to
compute. The inverse function is based on the same principles and is simple to be
determined according to coordinates 61b, 62b, 63b and 64b stored in data 33 and 1ts
application to a frame is very fast to compute. Further, A piecewise bilinear
interpolator has the advantage to be fully determined by a sub-list of node points

15  possibly small and easy to transfer and to store.

Figure 4 diagrammatically shows the encoding of a point cloud 10 on a

rectangular frame 42 using SMO 31 as described on figure 3, according to a
particular embodiment of the present principles. If coordinates of a point of point

20  cloud 10 correspond to one of the points of grid 30 of figure 3, the mapping of this
point is the corresponding point in unfolded grid 32 stored in data 33. In other cases,

the coordinates of a point of point cloud 10 belong to a “rectangle” of the grnid 30;

that is coordinates are located between four of the points of grid 30. The mapping 1s

the bilinear piecewise interpolation between the corresponding four points of

25  projected grid 32. The projection of point cloud 10 using SMO 21 generates a frame

42 in which the useful part 13 is wider than the useful part of frame 12 of figure 1

while the ‘not-used’ part 14 is smaller than the ‘not-used’ part 14 of frame 12. The
application of SMO 21 follows equation [eq. 1] in which My =SMO 21.

Frame 42 is encoded and associated with data 33. Frame 42 may be

30 compressed using a standard image or video compression algorithm. The

compression algorithm may be chosen to be lossless. In a variant, a key map may be

generated according to frame 42 and associated with frame 42 and data 33. A key

CA 3003608 2018-05-02
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map is a frame containing Boolean values (e.g. 0 or 1) wherein useful pixels are set
to a given value (e.g. 1) and not-useful pixels are set to the other value (e.g. 0).
Usually key maps are not or lossless compressed. Associated encoded data are

transmitted to a decoder as one or more streams. In a variant, associated encoded

data are stored on a local memory or storage medium.

Figure 5 diagrammatically illustrates the decoding of a point cloud 50 from a
frame 52 associated with data 53 respectively corresponding to frame 42 of figure 4
and data 33 of figure 3. Frame 52 and data 53 are obtained from a source. In the
present document, obtaining frame and/or data has to be understood as receiving the
data from a source or reading the data on a source. For example, the source belongs

to a set comprising:

— a local memory, e.g. a video memory or a RAM (or Random Access

Memory), a flash memory, a ROM (or Read Only Memory), a hard disk ;

— a storage interface, e.g. an interface with a mass storage, a RAM, a tlash

memory, a ROM, an optical disc or a magnetic support; and

— a communication interface, e.g. a wireline interface (for example a bus
interface, a wide area network interface, a local area network interface)
or a wireless interface (such as a IEEE 802.11 interface or a Bluetooth®

interface).

In a variant, data 53 and frame 52 are obtained from different sources. Data
53 correspond to data 33 calculated as described referring to figure 3. Compression
and transmission may have slightly altered them. In a variant, a lossless compression
method has been used and safe transmission ensured and data 53 are eXactly the
same as data 33. Data 53 comprise the coordinates of the K*L points of a grid 54. In
a variant, data 33 have been normalized at the encoding; According to this variant,
coordinates comprised in data 53 are expressed in a normalized space. An nverse
Simplified Mapping Operator 51 (called SMO™ 51) is calculated according to data
53 (that is according to the corresponding unfolded grid 54). For normalized pixel
coordinates (a, b), the evaluation of SMO(a, b) comes down to a bilinear

piecewise interpolation between the four neighbors values:

CA 3003608 2018-05-02
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SMOZ1(A, B)) (SMOZ1(A+1,B)Y} (SMO;1(A,B + 1)) (SMOg*(A+ 1,B + 1)
SMO;(4,B) | |SMO; (A + 1,B) |"|SMO; *(4,B + 1)’ |SMO;*(A+ 1,B + 1)

Where A= floor(Ka) and B= floor(LDb).
The result of the application of SMO™ 51 is a two-dimension point cloud 50.
SMO 31 has the advantages of DMO 21without its drawbacks. The use of a bilinear
5 piecewise interpolation based of the mapping by DMO 21 of a regular grid 30
generates a frame 42 in which the use of pixels is optimized (i.e. the number of not-
used pixels is minimized; the number of points of point cloud 10 mapped into a same
pixel is minimized). A different SMO may be associated to each point cloud of a
sequence of point clouds (e.g. a video). In a variant, an optimized SMO may be
10  computed for a group of point clouds of a sequence of point clouds. At the same
time, the encoding of SMO 21 requires a small amount of data 33 as a K*L matrix of
two-dimension coordinates. At the decoding side, the computation of SMO™! from
data 53 is straightforward and its application, a bilinear piecewise interpolation, is
very efficient, requires limited time and processing resources.
15
Figure 7 illustrates a method 70 for encoding two-dimension point clouds
according to a non-restrictive embodiment of the present principles. In a step 71, the
point cloud (or the sequence of point clouds) to encode are obtained from a source.
The source may be, for example, a local memory, a storage interface or a
20 communication interface. A two-dimension point cloud may be obtained by the
projection of a n-dimension point cloud on a surface, n being greater than 2. In the

case of a sequence of point clouds, point clouds may be grouped as pictures are

erouped in GOP for standard video compression methods. A frame size (width and

height of the target frames) is determined. For instance the determined frame size 1s a
25  standard image size like 640x480 (VGA) or 1920X1200 (widescreen). A Dense

Mapping Operator is determined that optimized the use of pixels of a frame of the

determined size for the point cloud (or the group of point clouds). The determined
DMO minimize the number of unused pixels.

In a step 72, the determined DMO is applied to a regular grid of K*L points.

30  The result of this computation is an unfolded grid of K*L mapped two-dimension

coordinates which are stored in a K*L matrix of pairs of floating numbers. In a

CA 3003608 2018-05-02



13 PF160156-CA-NP

variant, these coordinates are stored in two matrices of floating numbers. In another

variant, these coordinates are mapped in the frame and the indices of mapped pixels

are stored in a matrix of pairs of integers or in two matrices of integers. These

coordinates are used to parametrize a Simplified Mapping Operator which 1s a
5  bilinear piecewise interpolator.

In a step 73, the parametrized SMO is applied to the point cloud (or each of
the group of point clouds) to encode. A frame (or a group of frames) of the size
determined at step 71 is generated. In a step 74, the generated frame (or group of
frames) is encoded, for example, using a standard image or video compression

10 method like MPEG 2 or H264. Data representative of the matrix (or matrices) of the
mapped grid computed at step 72 are encoded. Encoded frame (or group of frames)
and data are associated in a stream. In a variant, encoded frames and data are
encoded in different streams. The stream is generated at this step and sent to a

destination. A destination belongs to a set comprising, for example:

15 — a local memory, e.g. a video memory or a RAM (or Random Access

Memory), a flash memory, a ROM (or Read Only Memory), a hard disk ;

— a storage interface, e.g. an interface with a mass storage, a RAM, a flash

memory, a ROM, an optical disc or a magnetic support; and

— a communication interface, e.g. a wireline interface (for example a bus
20 interface, a wide area network interface, a local area network intertace)
or a wireless interface (such as a IEEE 802.11 interface or a Bluetooth®

interface).

Figure 8 illustrates a method 80 of decoding a two-dimension point cloud

25 from a stream comprising a frame and data representative of an unfolded two-
dimension grid. In a step 81, a frame of pixels and associated data representative of

the unfolded grid (i.e. representative of a matrix of two-dimension coordinates) are
obtained from a source. The source belongs to a set comprising a local memory, a
storage interface and a communication interface. Coordinates of the data are

30 representative of an unfolded grid of points. An inverse Simplitied Mapping

Operator (SMO™) is parametrized according to the coordinates of the data and to the
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size (width and height in pixels) of the frame. SMO™ is a bilinear piecewise
interpolator. In a step 83, the parametrized SMO™ is applied to the frame obtained at
step 81. This application generates a two-dimension point cloud. The same data may
be associated to a group of frames and the same SMO™ is used to decode the frames
5 of the group of frames. Parametrization and application of such an operator is simple

and fast, and requires limited time and processing resources for a processor or a

graphic board.

Figure 9 shows an exemplary architecture of a device 90 which may be
10  configured to implement a method described in relation with figures 7 and/or 8.
The device 90 comprises following elements that are linked together by a
data and address bus 91:
- a microprocessor 92 (or CPU), which is, for example, a DSP (or
Digital Signal Processor);
15 - a ROM (or Read Only Memory) 93;
- a RAM (or Random Access Memory) 94;
- a storage interface 95;
- an /O interface 96 for reception of data to transmit, from an
application; and
20 - a power supply, e.g. a battery.
In accordance with an example, the power supply is external to the device. In
each of mentioned memory, the word « register » used in the specification can

correspond to area of small capacity (some bits) or to very large area (e.g. a whole

program or large amount of received or decoded data). The ROM 93 comprises at

25  least a program and parameters. The ROM 93 may store algorithms and instructions

to perform techniques in accordance with present principles. When switched on, the

CPU 92 uploads the program in the RAM and executes the corresponding
Instructions.

The RAM 94 comprises, in a register, the program executed by the CPU 92

30  and uploaded after switch on of the device 90, input data in a register, intermediate

data in different states of the method in a register, and other variables used for the

execution of the method 1n a register.
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In accordance with an example of encoding or an encoder, the point

cloud (or the sequence of point clouds) is obtained from a source. For example, the

source belongs to a set comprising:

a local memory (93 or 94), e.g. a video memory or a RAM (or Random
Access Memory), a flash memory, a ROM (or Read Only Memory), a
hard disk ;

a storage interface (95), e.g. an interface with a mass storage, a RAM, a
flash memory, a ROM, an optical disc or a magnetic support;

a communication interface (96), e.g. a wireline interface (for example a
bus interface, a wide area network interface, a local area network
interface) or a wireless interface (such as a IEEE 802.11 iterface or a
Bluetooth® interface); and

a user interface such as a Graphical User Interface enabling a user to input
data.

In accordance with examples of the decoding or decoder(s), the frame

and the data representative of a matric of coordinates are sent to a destination;

specifically, the destination belongs to a set comprising:

a local memory (93 or 94), e.g. a video memory or a RAM, a ftlash
memory, a hard disk ;

a storage interface (95), e.g. an interface with a mass storage, a RAM, a
flash memory, a ROM, an optical disc or a magnetic support; and

a communication interface (96), e.g. a wireline interface (for example a
bus interface (e.g. USB (or Universal Serial Bus)), a wide area network
interface, a local area network interface, a HDMI (High Definition

Multimedia Interface) interface) or a wireless interface (such as a IEEE
802.11 interface, WiFi ® or a Bluetooth ® interface).

In accordance with examples of encoding or encoder, a bitstream comprising

the frame and data representative of of a matrix of two-dimension coordinates 1s sent

to a destination. As an example, the bitstream 1s stored 1n a local or remote memory,

e.g. a video memory (94) or a RAM (94), a hard disk (93). In a variant, the bitstream

is sent to a storage interface (95), e.g. an interface with a mass storage, a tlash

memory, ROM, an optical disc or a magnetic support and/or transmitted over a

communication interface (96), e.g. an interface to a point to point hnk, a

communication bus, a point to multipoint link or a broadcast network.
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In accordance with examples of decoding or decoder or renderer, the
bitstream is obtained from a source. Exemplarily, the bitstream is read from a local
memory, e.g. a video memory (94), a RAM (94), a ROM (93), a flash memory (93)
or a hard disk (93). In a variant, the bitstream is received from a storage interface

S (95), e.g. an interface with a mass storage, a RAM, a ROM, a flash memory, an
optical disc or a magnetic support and/or received from a communication interface
(95), e.g. an interface to a point to point link, a bus, a point to multipoint link or a
broadcast network.

In accordance with examples, the device 90 is configured to implement a

10  method described in relation with figure 7, and belongs to a set comprising;:

- a mobile device;

- a communication device;

- a game device;

- a tablet (or tablet computer);

15 - a laptop;

- a still picture camera;

- a video camera;

- an encoding chip;

- a server (e.g. a broadcast server, a video-on-demand server or a web

20  server).

In accordance with examples, the device 90 is configured to mmplement a
rendering method described in relation with figure 8, and belongs to a set
comprising:

- a mobile device;

25 - a communication device;

- a game device;

- a set top box;

- alV set;

- a tablet (or tablet computer);

30 - a laptop; and
- a display (such as a HMD for example).
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In accordance with an example illustrated in figure 10, in a transmission

context between two remote devices 101 and 102 (of the type of the device 90) over

a communication network NET 100, the device 101 comprises means which are

configured to implement a method for encoding point clouds and generating a stream

5  as described in relation with the figure 7, and the device 102 comprises means which

are configured to implement a method for decoding point clouds as described in
relation with figure 8.

In accordance with an example, the network 100 is a LAN or WLAN

network, adapted to broadcast still pictures or video pictures with associated data

10  from device 101 to decoding devices including the device 102.

Figure 11 shows an example of an embodiment of the syntax of such a
stream when the data are transmitted over a packet-based transmission protocol.
Figure 11 shows an example structure 110 of a bit stream. The structure comprises a

15  container which organizes the stream in independent syntax elements. The structure
may comprise a header part 111 which is a set of data common to every syntax
elements of the stream. For example, the header part contains metadata about syntax
elements, describing the nature and the role of each of them. The structure may
comprise a payload comprising syntax elements 112 and 113, the first syntax element

20 112 being relative to the data representative of the unfolded grids, for example as
matrices of two-dimension coordinates, and, the second syntax element 113 being
relative to the frames generated by the Simplified Mapping Operator. Data

representative of an unfolded grid comprise an information associating the unfolded

erid to at least one frame. For example, frames are identified by a number of GOP
25  and a number of frame within the GOP. The number of GOP is associated with the
unfolded grid of the SMO which generated the frames of this GOP.

Naturally, the present disclosure is not limited to the embodiments previously

described.
30 In particular, the present disclosure is not limited to a method of encoding or
decoding a two-dimension point cloud but also extends to any method of transmitting

a stream representative of point clouds, to method of encoding and decoding
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sequences of two-dimension point ¢louds and to any device implementing these

methods. The implementation of calculations necessary to generate the frames and

data representative to the SMO is not limited either to an implementation in shader

type microprograms but also extends to an implementation in any program type, for

5  example programs that can be executed by a CPU type microprocessor. The use of

the methods of the present disclosure is not limited to a live utilization but also

extends to any other utilization, for example for processing known as postproduction
processing in a recording studio.

The implementations described herein may be implemented in, for example, a

10  method or a process, an apparatus, a software program, a data stream, or a signal.

Even if only discussed in the context of a single form of implementation (for

example, discussed only as a method or a device), the implementation of features

discussed may also be implemented in other forms (for example a program). An

apparatus may be implemented in, for example, appropriate hardware, software, and

15 firmware. The methods may be implemented in, for example, an apparatus such as,

for example, a processor, which refers to processing devices in general, including,

for example, a computer, a microprocessor, an integrated circuit, or a programmable

logic device. Processors also include communication devices, such as, for example,

Smartphones, tablets, computers, mobile phones, portable/personal digital assistants

20 ("PDAs"), and other devices that facilitate communication of information between

end-users.
Implementations of the various processes and features described herein may

be embodied in a variety of different equipment or applications, particularly, for

example, equipment or applications associated with data encoding, data decoding,
25  view generation, texture processing, and other processing of images and related
texture information and/or depth information. Examples of such equipment include
an encoder, a decoder, a post-processor processing output from a decoder, a pre-
processor providing input to an encoder, a video coder, a video decoder, a video
codec, a web server, a set-top box, a laptop, a personal computer, a cell phone, a
30 PDA, and other communication devices. As should be clear, the equipment may be

mobile and even installed in a mobile vehicle.
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Additionally, the methods may be implemented by instructions being
performed by a processor, and such instructions (and/or data values produced by an
implementation) may be stored on a processor-readable medium such as, for
example, an integrated circuit, a software carrier or other storage device such as, for

5 example, a hard disk, a compact diskette (“CD”), an optical disc (such as, for
example, a DVD, often referred to as a digital versatile disc or a digital video disc), a
random access memory (“RAM”), or a read-only memory (“ROM”). The
instructions may form an application program tangibly embodied on a processor-
readable medium. Instructions may be, for example, in hardware, firmware, software,

10  or a combination. Instructions may be found in, for example, an operating system, a
separate application, or a combination of the two. A processor may be characterized,
therefore, as, for example, both a device configured to carry out a process and a
device that includes a processor-readable medium (such as a storage device) having
instructions for carrying out a process. Further, a processor-readable medium may

15 store, in addition to or in lieu of instructions, data values produced by an
implementation.

As will be evident to one of skill in the art, implementations may produce a
variety of signals formatted to carry information that may be, for example, stored or
transmitted. The information may include, for example, instructions for performing a

20  method, or data produced by one of the described implementations. For example, a
signal may be formatted to carry as data the rules for writing or reading the syntax of
a described embodiment, or to carry as data the actual syntax-values written by a
described embodiment. Such a signal may be formatted, for example, as an
electromagnetic wave (for example, using a radio frequency portion ot spectrum) or

25 as a baseband signal. The formatting may include, for example, encoding a data
stream and modulating a carrier with the encoded data stream. The information that
the signal carries may be, for example, analog or digital information. The signal may
be transmitted over a variety of different wired or wireless links, as is known. The
signal may be stored on a processor-readable medium.

30 A number of implementations have been described. Nevertheless, it will be

understood that various modifications may be made. For example, elements of

different implementations may be combined, supplemented, modified, or removed to
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produce other implementations. Additionally, one of ordinary skill will understand
that other structures and processes may be substituted for those disclosed and the
resulting implementations will perform at least substantially the same function(s), in
at least substantially the same way(s), to achieve at least substantially the same

5 result(s) as the implementations disclosed. Accordingly, these and other

implementations are contemplated by this application.
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CLAIMS

A method of decoding a two-dimension point cloud from a bit stream, said

method comprising:

— obtaining, from the bit stream, a frame of pixels and a matrix of two-
dimension coordinates representative of an unfolded grid, said matrix being
associated with said frame;

— determining an un-mapping operator according to said matrix; and

— decoding the point cloud by applying said un-mapping operator to said frame.

The method of claim 1 wherein said un-mapping operator comprises a plecewise

bilinear interpolator parametrized with said matrix.

The method of claim 1 wherein the matrix is associated with a group of frames 1n
the bit stream; the method further comprising decoding frames of said group of
frames by applying the un-mapping operator determined according to said matrix

to said frames.

A method of encoding a two-dimension point cloud in a bit stream, the method

comprising:

— generating a matrix of two-dimension coordinates representative of an
unfolded grid by mapping a regular grid according to a dense mapping
operator; a dense mapping operator being a mapping operator optimizing the
use of pixels of a frame for a point cloud;

— generating a frame of pixels by applying a mapping operator to the point
cloud, said mapping operator being determined according to said matrix; and

— generating the bit stream by encoding said frame associated with said matrix
of two-dimension coordinates representative of said unfolded grid in the bit

s{ream.

The method of claim 4 wherein said mapping operator comprises a plecewise

bilinear interpolator parametrized with said matrix.
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4

6. The method of claim 4 wherein the dense mapping operator is determined for a
group of point clouds, and further comprising generating a frame for each point
cloud of said group of point clouds and associating said matrix with the generated

5 group of frames in the bit stream.

7. The method of claim 4 wherein the two-dimension point cloud is a projection of

a n-dimension point cloud on a surface, n being greater than two.

10 8. A device comprising a memory associated with at least one processor configured
to:
—  obtain, from a bit stream, a frame of pixels and a matrix of two-dimension
coordinates representative of an unfolded grid, said data being associated
with said frame;

15 — determine an un-mapping operator according to said matrix; and

— decode the point cloud by applying said un-mapping operator to said frame.

9. The device of claim 8 wherein said un-mapping operator comprises a piecewise
bilinear interpolator parametrized with said matrix.
20
10. The device of claim 8 wherein the matrix is associated with a group of frames in
the bit stream and wherein said at least one processor is further configured to
decode frames of said group of frames by applying the un-mapping operator
determined according to said matrix to said frames.
25
11. A device comprising a memory associated with at least one processor configured
to:
— generate a matrix of two-dimension coordinates representative of an unfolded
orid by mapping a regular grid according to a dense mapping operator; a
30 dense mapping operator being a mapping operator optimizing the use of

pixels of a frame for a point cloud;
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— generate a frame of pixels by applying a mapping operator to the two-

dimension point cloud, said mapping operator being determined according to
said matrix; and
— generate a bit stream by encoding said frame associated with said matrix in

the bit stream.

12. The device of claim 11 wherein said mapping operator comprises a piecewise

bilinear interpolator parametrized with said matrix.

13. The device of claim 11 wherein the dense mapping operator 1s determined for a
group of point clouds, and wherein said at least one processor 1is further
configured to generate a frame for each point cloud of said group of point clouds

and to associate said matrix with the generated group of frames in the bit stream.

14. The device of claim 11 wherein the two-dimension point cloud is a projection of

a n-dimension point cloud on a surface, n being greater than two.

15. A stream carrying data representative of a two-dimension point cloud, wherein

the data comprises:

— a first syntax element carrying a matrix of two-dimension coordinates
representative of an unfolded grid generated by mapping a regular grid
according to a dense mapping operator; a dense mapping operator being a
mapping operator optimizing the use of pixels of a frame for a point cloud;
and

— a second syntax element relative to at least one frame of pixels generated by
applying a mapping operator to the two-dimension point cloud, said mapping
operator being determined according to said matrix;

wherein the matrix is associated with said at least one frame.
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