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METHOD ANDY APPARATUS FOR POINT CLOUD CODING

INCORPORATION BY REFERENCE
{0801}  This present application claims the benefit of prionty to 118, Patent Application
Mo, PTAO63 41 "METHOD AND APPARATUS FOR POINT CLOUD CODING" filed on

October 5, 2020, which claims the benefit of priogity to ULS. Provisional AppHeation No.
62/842 549 "HYBRID CORING ORDER FOR POINT CLOUD CODING” filed on December
2, 2019, The entire discloswres of the prior applications are hereby incorporated by reference in
their entirety.

TECHNICAL FIELD

{06621  The present disclosure describes embodiments generally related to point cloud
codig:
BACKGROUND

{0083} The background description provided herein is for the purpose of generally

presenting the comtext of the disclosure, Work of the presently named inventors, to the extent the
work is described in this backpround section, ax well as aspects of the description that may not
otherwise qualify as prior art at the time of filing, are neither expressly nor imphiedly admitted as
prior art against the present disclosure.

[0604]  Varicus technologies are developed to capture and represent the world, such as
objects in the world, environments in the world, and the tike in 3-dimensional (313} space, 313
representations of the world can enable more immersive forms of interaction and
communication. Point clouds can be used as a 3D representation of the world. A point cloud i
a set of points in a 3D space, each with associated anributes, ¢.g. color, material properties,
texture information, intensity atirihutes, reflectivity attributes, motion related agribages, madality
attribuges, and varions other attributes. Such point clowds may mchude large amounts of data and
may be costly and time-consuming 1o storé and transmit,

{0685]  Aspects of the disclosure provide methods and apparatuses for point cloud
compression and decompression. In some examples, an apparatus for point cloud
compression/decompression includes processing circuitry. In some embodiments, the processing
cirentiry receives, from a coded bitstream for a peint cloud, encoded occopancy codes for nodes

i an octree structure for the point clond. The nodes in the octree structure correspond to three
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dimensional (3D} partitions of a space of the point cloud. Sizes of the nodes are associated with
sizes of the corresponding 3D partitions. Further, the processing circuitry decodes, from the
encoded cccupancy codes, occupancy codes for the nodes. At least a first occupancy code fora
child node of a first node is decoded without waiting for a decoding of & second occupancy code
for a second node having a same node size as the first node. Then, the processing circuitsy
reconstructs the cctree structure based on the decoded orcupancy codes for the nodes, and
reconsiructs the point cloud based on the octree structure.

{0606]  Insome embodiments, the processing circuitry decodes a first set of oceupancy
codes for g first set of nodes in a Srst sub ootree with the first node being a root of the first sub
ocires and decodes a second set of occupancy codes for a second set of nodes in a second sub
octres with the stcond node being a root of the second sub octres, Iy an embodiment, the
processing civcuitry decodes the first set of ocoupancy codes for the first set of nodes in the first
sub octree in parallel with the second set of vecupancy codes for the second set of nodes in the
second sub octres,

{0007{  Inanother embodiment, the processing cirenitry decodes, using a first coding
mode, the first set of occupancy todes for the first set of nodes 1n the fivst sub octree and
decodes, vsing a second coding mode, second set of occupancy codes for the second set of nodes
in the second sub octreée. 1n an example, the processing crecuitry decodes, from the coded
biistreany, a first index that is indicative of the first coding mode for the first sub octree, and
decodes, from the coded bisstreann, 2 second index that is indicative of the second coding mode
for the second sub octree.

{0808]  Insome embodiments, the processing circuitry decodes a first portion of
occupancy codes for larger nodes in the nodes using a first coding order. The larger nodes aie
larger than a specific node size for coding order change. The processing circuitry decodes a
second portion of occupancy codes for smaller nodes in the nodes using a second coding order
that is different from the fisst coding order. The smaller nodes are equal or smaller than the
specific node size for coding order change. In an example, the first coding crder is breadih first
coding order and the second codimg order is depth first coding order. In another example, the
first coding orderis depth first coding onder and the second coding ouder is breadth first coding
order.

{6669]  fn some examples, the processing circuitry determines the specific node size for
coding order change based on a signal in the coded bitstream for the point clound. In an example,
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the processing circnitry decodes a control signal from the coded bitstream for the point cloud,
and the control signal 15 indicative of 3 change of coding order. Then, the processing circuitry
decodes the signal and determunes the specific node stee for coding order change.

[0010]  Aspects of the disclosure also provide 8 nen-transitory computer-readable
medium storing nstructions which when executed by a computer for point cloud
encoding/decoding canse the computer to perform any one or 8 combination of the methods for
point cloud encoding/decoding,

BRIEF DESCRIPTION OF THE DRAWINGS

{0611}  Fuorther features, the nature, and various sdvantages of the disclosed subject
matter will be more apparent from the following detailed description and the accompanying
drawings in which:

[6812]  FIG, 1 15 a schematio lastration of a simplified block diagram of a
comanmication system i accordance with an embodiment;

{0813]  FIG. 2 is a schematic tllustration of a simplified block diggram of g streaming
system in accordance with an embodiment;

[0014]  FIG. 3 shows a block disggram of an encoder for encoding point clond frames,
according o some embodinments;

{0615]  FIG. 4 shows a block diagram of a decoder for decoding a compressed bitstream
corresponding to point clond frames according 1o some embodiments;

joul1s]  FlG. 515 a schematic ilustration of & simplified block diagram of a video decoder
i gecordance with an emwbodiment;

{06817 FIG. 6 13 a schematic illustration of a sinplified block diagram of a video encoder
in-accordance with gn embodiment;

{0018]  FI(. 7 shows a block diagram of an encoder for encoding point cloud frames,
according to some embodiments:

[0819]  FIG. 8 shows a block disgram of a decoder for decoding a compressed bifstream
corresponding © point cloud frames according to some embodiments;

{0020  FIG. @ shows a diagram Blustrating a partition of a cube based on the octres
partition technique according to some ambodunents of the disclasure.

jenzi}  FIG, 10 shows an example of an octree partition and an octree sttucture

corresponding to the octree partition according to some embodiments of the disclosure.
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{00221 FIG. 11 shows a diagram of an petree structure Hlustrating breadth Hrst coding
erder.

{8823 FIG. 12 shows a diagram of an octree stracture Hlustrating depth fisst coding
order,

{9024]  PIG. 13 shows a syntax exgmple of geometry pavarueter set according o some
embodiments of the disclosure,

{0025 FIG, 14 shows another syntax example of geometry parameter set according to
some embodiments of the disclosuse.

{8626]  FIG. 15 shows & pseudo codé example for octree coding dccprding to some
embodiments of'the disclosure

[0027]  FHG. 16 shows a psendo code example for depth first coding order according to
some embodiments of the disclosure.

{0628]  FIG. 17 shows a flow chart outlining a process example in accordance with some
embodiments.

{0029  FIG. 18 s ¢ schematic Hlustration of a computer system in accordance with an
embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

{0630]  Aspects of the disclosure provide point cloud coding (PCC) techniques. PCC can
be performed according to various schemes, such as a geometry-based scheme that is referred to
as G-FCC, a video coding based scheme that is referred to as V-FCC, and the like, According to
some aspects of the disclosure, the G-PCC encodes the 3D geometry divectly and is 4 purely
geometry-based approach without much to share with video coding, and the V-PCC is heavily
based on video coding. For example, V-PCC can map a point of the 3D cloud to a pixel of ¢ 2D
grid (an image). The V-PCC scheme can utilize generic video codecs for point cloud
compression, Moving picture expetts groop (MPEG) s working on G-PCC standard and V-PCC
standard that respectively using the G-PUC scheme and the V-PCC scheme.

{0631]  Aspects of the disclosure provide techniques for a hybnid ceding order that can be
used in PCC, such as the G-PCC scheme and the V-PCC scheme. The hybrid coding coder can
tchude the depth first traverse scheme and breadth first traverse scheme in g coding order. The
present disclosure also provides technigues for signaling the coding order.

{0632}  Point Clouds can be widely used in many applications. For example, point elouds
can be nsed in antonomous driving vehicles for object detection and localization; point clouds
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can be used in geographic information systems (GIS) for wapping, and can be used in culiural
heritage to visnalize and archive cultural heritage objects and collections, ete.

[6833]  Hercinafier, a point cloud generally may refer to a set of points in a 313 space,
pach with associated attributes, e.g. color, material properties, texture information, mtensity
aitributes, reflectivity atiributes, motion related attributes, modality sttributes, and various other
attributes. Point clouds can be used to reconstruct an object 0r a scene as a composition of such
points. The points can be capiured using multiple cameras, depth sensors or Lidar in various
setups and may be made up of thousands up to billions of points in order o realistically represent
reconstructed scenes. A patch generally may refer to a contiguous subset of the surface
described by the point cloud. In an example, a pateh inclodes points with sarface normal vectors
that deviate from one another less than g threshold amount,

{0834}  Compression technologies can reduce the amount of data required to represent a
point clond for faster transmission or reduction of storage.  As such, technologies are needed for
fossy compression of point ¢louds for use in real-time communications and six Degrees of
Freadom (6 DoF} virtual reality. In addition, technology is sought for lossless point cloud
compression in the context of dynamic mupping for astonomous driving and cultural heritage
applications, and the hke,

{0035]  According to an aspect of the disclosuse, the main philosophy belind V-PCC 1 10
leverage existing video codecs to compress the geometry, occupancy, and texture of a dynamic
point cloud as three separate video sequences. The extra metadata needed to interpret the three
video sequences are compressed separately. A small portion of the overall bitstream is the
metadata, which could be encoded/decoded efficiently using software implementation. The bulk
of the information is handled by the video codec.

{0036]  FiG. 1 ilusirates 3 simplified block diagram of a communication system (100)
according to an embodiment of the present disclosure. The communication system (100}
includes a plurality of terminal devices that can communicate with gach other, via, for example, a
network (150).  For example, the communication system {100 includes a pair of terminal
devices (110} and (120} interconnected via the network (130). In the FIG, 1 example, the first
pair of terminal devices {110} and (120) may perform unidirectivnal fransmisston of pomt cloud
data. For example, the terminal device {110} may compress a point cloud (e g, points
representing a structure) that is captused by a sensor {108} connected with the terminal device
{110} The comprassed point cloud can be transmitted, for example in the form of a bitstream, 1o
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the other terminal device (120) via the network (150). The terminal device {120} may receive
the compressed point cloud from the network {150}, decompress the bitstream to reconstruct the
point cloud, and suitably display the reconstructed point cloud. Unidirectional data transmission
may be conunon in media serving applications and the lke.

{08371 Inthe FIG. I example, the terminal devices (110) and (120) may be Hlustrated as
servers, and personal computers, but the principles of the present disclosurs may be not so
limited. Embodiments of the present disclosure find application with lapiop computers, tablet
computers, smart phones, gaming terminals, media players, andior dedicated three-dimensional
(3D} equipment. The network {150) represents any number of networks that transunit
compressed point cloud between the terminal devices (110} and (120). The network (150) can
inchude for example wiveling (wired) andfor wirgless communication networks. The penwork
{150) may exchange data m circoni-switched and/or packet-switched channels. Representative
networks include telecommumications networks, local ares networks, wide area networks, andfor
the Taternet. For the parposes of the present discussion, the architecture and topology of the
network {130} may be immaterial to the operation of the present disclosure unless explained
herein below.

{00381 FIG. 2 illustrates a simplhified block diagram of a streaming system (200} in
gecordance with an emboediment. The FIG. 2 example is an application for the disclosed subject
matter for a point cloud, The disclosed subject matter can be equally applicable o other point
cloud enabled applications, such as, 3D telepresence application, virtual reality apphication, and
the like.

{6639]  The streaming system {200) may include a capture subsystens (213). The capture
subsystem (213} can tnclude a powt cloud source (201), for example light detection and ranging
{LIDARY systemss, 3D cameras, 3D scanners, a graphics generation component that generates the
uncompressed point clond i software, and the like that generates for example point clouds (202)
that are uncompressed. 1o an example, the point clouds {202} include points that ave captured by
the 3D cameras. The point clonds (202), depicted as a bold line o emphasize a high data volume
when compared to compressed point closds (204 {a bitstream of compressed point clouds). The
compressed point clouds {204) can be generated by an electronic devive {220) that includes an
encoder {203) coupled to the point cloud source {201). The encoder (203} can include hardware,
software, or a combination thereof to enable or implement aspects of the disclosed subject matter
as described 1o more detail below. The compressed point clouds {204) {or bitstream of
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compressed point clouds {204)), depicted as a thin line to emphasize the lower data vohume when
compared o the siream of pomnt clouds (202}, can be stored on a streaming server (205) for
foture use. One or more streaming client subsystems, such as client subsystems (206) and (208)
in FIG. 2 can access the streaming server (2053 to retvieve coples {207 and {209) of the
compressed point cloud (204). A client subsystem (206} can include a decoder (2190}, for
example, in an electronie device (230). The decoder (210} decodes the incoming copy {(207) of
the compressed point clonds and creates an outgoing stream of reconstrucied point clouds (2113
that can be rendered on a renderiog device (212}

{0640] 1t is noted that the electronic devices {220} and {230} can include other
components {not shown}. For example, the electronic device {220 can include a decoder {not
shown) and the electronie device (230) can inclnde an encoder (not shown) as well,

[0641] 1o some sireaning systems, the compressed point clouds (204}, {207), and (209}
{e.g., bitstreams of compressed point clouds) can be corapressed according to certain standards,
In some examples, video coding standards are used in the compression of point clouds,
Examples of those standards inchude, High Efficiency Video Coding (HEVC), Versatile Video
Coding (VVC), and the hike.

[0842]  FIG. 3 shows a block diagram of a V-PUC encoder {300} for encoding point clond
frames, according to some embodiments.  In some embodiments, the V-PCC encoder (300) can
be used in the communication system (100) and streaming system {200}, For example, the
encoder {203} can be configured and pperate in & sioufar manger as the V-PCT encoder (300),

[0843]  The V-PCC encoder (300) receives point cldud frames asuncompressed inputs
and generates bitstream corresponding to compressed point cloud fames. In some embodunents,
the V-PCC encoder (300) may receive the point cloud frames from g poiat cloud source, such as
the point cloud source {201 ) and the like.

[0044]  Inthe Fig 3 example, the V-PCC encoder {300} includes a patch generation
module (306}, a patch packing module (308), a geometry fmage generation module (310}, a
texture image generation medule (312}, a patch info module (304}, an ocoupancy map module
{314}, a smoothing module (336}, image padding modules (316) and (318}, a group dilation
module (3203, video compression modules {322), (323) and (3323, an auxiHary pasch info
compression module {338), an entropy compression modude (334), snd a multiplexer (324).

{0845]  According b an aspect of the disclosure, the V-PCC encoder {3001, converts 3D

point clowd frames into an image-based representation along with some mela data {e.g.
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occupancy map aid patch info) that 15 used {0 convert the compressed point cloud back o a
decompressed point cloud. In some examples, the V-PUC encoder (300) can convert 3D point
cloud frames nto geometry images, textive mages and occupancy maps, and then wse video
coding techniques to encode the geometry images, texture mages and cccupancy maps mito &
bitstrearn. Generally, a geometry image is & 2D image with pixels filled with geometry values
associated with points projected to the pixels, and a pixel filled with a geometry value can be
referred o as @ geometry sample. A fexture image is a 2D image with pixels flled with texture
values associated with points projected to the pinels, and a pixel filed with a texture value can be
referred to s a texture sample. An occapancy map is & 2D image with pixels filled with values
that indicate vceupied or unoccupied by patches.

{0846]  The patch generation module {306} sepments a point cloud into 8 set of patches
{e.g., a patch is defined as a contiguous subset of the sarface described by the point eloud),
which may be overlapping or not, such that sach pateh may be described by a depth field with
respect to a plane in 2D space. In some embodiments, the paich genergtion module (306) atms at
decomposing the point cloud into a minimum nupber of patches with smeoth boundaries, while
also mintmizing the reconstroction errot,

[0847]  The patch info module (304) can collect the patch information that indicates sizes
and shapes of the patches. In some examples, the pateh information can be packed into an image
frame and then encoded By the auxiliary pateh info compression modude (338) wo generate the
compressed auxiliary patch information.

[0048]  The patch packing maodule (308} is configured to map the extracted patches onto §
2 dimensional (2D} grid while minimize the unused space and guarantee that every M X M {(e.n.,
16x 163 block of the grid is sssociated with a unique patch. Efficient patch packing van directly
impact the compression efficiency either by minimizing the wnused space or ensuring temporal
consistency.

[08491  The geomelry image generation module (310} can generate 2D geometry images
assaciated with geometry of the point cloud at piven patch locations. The texture image
generation module (312) can generate 2D texture unages assoctated with texture of the point
cloud at given paich locations. The geometry image generation module (310) and the texture
inage generation module (312} expladt the 3D 10 2D mapping computed during the packing
process {0 store the geometry amd texture of the point cloud as images. In order to better handle
the case of multiple points being projected 1o the same sample, each patch is projected onto two
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images, veferred to aa layers. In an example, geometry image is represented by a monochromatic
frame of WxH m YUV420-8bit format. To generate the texture image, the texture generaticn
procedure exploits the recomstructed/smoothed geometry in order to compute the colors to be
associated with the re-sampled points.

{00650]  The occupancy map module (314) can generate an occnpancy map that describes
padding information at each unit. For example, the occupancy image includes a binary map that
indicates for each cell of the grid whether the cell belongs io the empty space or 1o the point
cloud. 1o an example, the occupancy map uses hinary information describing for each pixel
whether the pixel is padded or not. In another example, the occupancy map uses binary
mformation describing for gach block of pixels whether the block of pixels is padded or not.

{08511  The occupancy map generated by the occupancy miap module {314) can be
compressed using lossless coding or fossy coding. When lossless coding is used, the entropy
compression moduale {334) Is used o compress the occupancy map. When lossy coding is used,
the video compresston modnle (332} is used 0 compress the ocoupancy map.

{00521 It is noted that the patch packing module (308) may leave some empty spaces
between 2D patches packed in an inage frame. The image padding modules (316) and (318) can
{ill the empty spaces (referred to as padding) i order to generate an image frame that may be
suited for 2D video and mmage codecs. The mage padding is also referred to a5 background
filling which can {ill the umssed space with redundant information. In some examples, a good
background filling minimally increases the bit rate while does not introduce significant coding
distortion around the patch boundaries.

{6653} The video compression modules (3223, {323}, and (332) can encode the 2D
images, such as tie padded geometry images, padded texture images, and occupancy maps based
on a suitable video coding standard, such as HEVC, VVC and the like.  In an example, the video
compression modules (322), (323), and (332} are individual components that operate separately.
It iz noted that the video compression modales (3223, (3233, and (332) can be implemented as a
single component in another example.

{0084]  In some examples, the stroothing modade {336) is configured to generate a

smoothed tmage of the reconstructed geometry image. The smoothed tmage can be provided to

generation of the texiure image based on the reconstructed geometry images. For example, when
a patch shape (¢.¢. geometry) is slightly distorted during encoding and decoding, the distortion
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may be taken into account when generating the textare images to correct for the distortion in
patch shape.

{6855 Insome smbodiments, the group dilation (320) is configured 1o pad pixels around
the olyjert boundaries with redundant low-frequency content in order to improve coding gain as
well as visual goality of reconstructed point cloud.

[0856]  The multplexer {324) con multiplex the compressed geometry image, the
compressed texture image, the compressed oconpancy map, the compressed auxiliary patch
information into a compressed bitstream.

{0657] FIG. 4 shows a block diagram of a V-PCC decoder {400) for decoding
compressed bifstream corresponding to point cloud frames, according to some embodiments. In
some embodiments, the V-PCC decoder (400} can be used in the communication system (100)
and streaming system (2001, For example, the decoder (210) can be configured to operate ina
similar manner as the V-PCC decoder (400). The V-PCC decoder (400} receives the compressed
bitstream, and generates reconstructed point cloud based on the compressed bitstream.

[0058]  Inthe FIG. 4 example, the V-PCC decoder (400} includes a de-multiplexer (432),
video decompression modules (434) and (436), an cocupancy map decompression module (438),
an apxiliary patch-information decompression module (442, a geometry reconstruction module
{444}, a sunoothing module (446), 8 texture reconstruction module (348), and a color smoothing
module (452},

jos%  The de-mudsiplexer (432) can receive and separate the compressed bitstrean into
cornpressed fexture image, compressed geometry image, compressed occupancy map, and
compressed auxiliary pateh information.

{00661  The video decompression modules {434} and {436} can decode the compressed
inages according to a suitable standard (e ., HEVC, VWV, ete} and output decompressed
images, Forexample, the video decompression modude (434) decodes the compressed texture
images and outputs decompressed texture images; and the video decompression module (436)
decodes the compressed peometry images and outputs the decompressed geometry images.

{00811 The occupancy map decompression module (438) can decode the compressed

occupancy maps according to a suitable standard (e, HEVC, YV, ete ) and putput

X
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{0682]  The auxiliary parch-information decompression module (442} can decode the
compressed auxiliary patch mformation according e a suitable standard {e.g, HEVC, VV( ete )
and owtput decompressed auxiliary pateh information.

[06863]  The geometry reconstraction module {444) can recelve the decompressed
geometry images, and generate reconstructed point cloud geometry based on the decompressed
cccupancy map and decorapressed auxiliary patch mformation.

[0064]  The smoothing module (446} can smooth incongroences at edges of patches, The
smoothing procedure aims at alleviating potential discontinuities that may arise at the patch
boundaries due 1o compression artifacty, - In some embodimenis, a smoothing filter may be
applied o the pixels located on the patch boundaries {o alleviate the distortions that may be
cansed by the compression/decompression.

[0065]  The texiure reconstruction module (448} can deternying fexture information for
points in the puint cloud based on the deconpressed texture images and the smoothing geometry.

{0066]  The color saoothing modude (452) cab smooth Incongraences of coloring. Non-
neighboring patches in 3D space are ofien packed next to each other in 2D videns. In some
examples, pixel values from non-neighboring patches might be mixed up by the black-based
video codec. The goal of color stoothing is to reduce the visible artifacts that appear at patch
boundaries.

{0087]  FIG. 5 shows a block diagram of a video decoder {310 according to an
embodiment of the present disclosure. The video decoder (310) can be used it the V-PCC
decoder (400). For example, the video decompression modules {4345 and (436), the ogcupancy
map decompression module (438} can be similarly configured as the video decoder {310}

{8068]  The video decoder (510} may include a parser (520) to reconstruct symbols {521)
from compressed images, such as the coded video sequence. Categories of those symbols
include information used to manage operation of the video decoder {310). The parser (520) may
parse / entropy-decode the coded video sequence that is received. The coding of the coded video
sequence can be in accordance with ¢ video cading technology or standard, and can follow
vatious principles, including vartable length coding, Huffinan coding, asithmetic coding with or
without contest sensitivity, and so forth. The parser {520} may extract from the coded video
seguence, & set of subgroup parameters for at least one of the subgroups of pixels in the video
decoder, based upon at least one parameter corresponding to the group.  Subgroups can include
Groups of Pictures (GOPs), pictures, tiles, slices, macroblocks, Coding Units (CUs), blocks,
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Transform Unite {TUS), Prediction Units (PUs) and so forth. The parser (320) nvay also extract
from the coded video sequence information such as transform coefficients, quantizer pavametey
values, motion vectors, and so forth,

{0669]  The parser {520} may perform an entropy deceding / parsing operation on the
video seguence received from a buffer memory, 5o as to greate gymbals (521),

[0070]  Reconstruction of the symbols {521} can involve multiple different units
depending on the type of the coded video picture or parts theveof {such asy inter and intra picture,
inter and intea block), and other factors. Which usits are involved, and how, can be controlled
by the subgroup control information that was parsed from the coded video sequence by the
parser (320). The How of such subgroup control information between the parser (520) and the
multiple nnits below is not depicted for clarity.

{0871} Beyond the functional blocks alveady mentioned, the video decoder (510) can be
conceptually subdivided mto a number of functional units as described below. Ina practical
implementation operating voader comumercigl constraings, many of these units interact closely
with each other and can, at least partly, be integrated into each other. However, for the purpose
of describing the disclosed subject matter, the conceptual subdivision into the fmctional units
below is appropiiate.

0672 A first it is the sealer 7 inverse tansform wnit (5511 The scaler /inverse
transforn unit (351} receives a quantized wansform coefficient ag well as control information,
inchuding which transform to use, block size, quantization factor, quantization scaling matrices,
ete. as symbol(s) (521) from the parser (320). The scaler / inverse transform unit (331) can
output bocks comprismg sample values that can be mput into aggregator (S35},

{80731 Insome cases, the owtput samples of the scaler /inverse transform {351) can
pertain to an intra coded block: that ts: a block that is not using predictive information from
previously reconstructed pictores, but can use predictive information from previously
reconstructed parts of the current picture. Such predictive information can be provided by an
irtra picture prediction unit (352} In scme cases, the ntra picture prediction unit {532}
generates a block of the same size and shape of the block under reconstruction, using
surrounding already reconstructed mformation fetched from the current picture buffer (558).
The current picture buffer (358} buffers, for example, partly reconstructed corrent picture andfor

fully reconstructed current picture. The aggregasor (3553, in some cases, adds, on a per sample
BEICH [N I P
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basis, the prediction wformation the intra prediction unit (352} has generated to the output
sample information as provided by the scaler / iverse transforny wnit (551},

[0874]  In other cases, the output samples of the scaler /inverse transformy unit (5313 can
pertain to an inter coded, and potentistly motion compensased block. In such a case, @ motion
compensation prediction unit {S53) can sccess reference picture memory (557) to feich samples
used for prediction. After motion compensating the fetched samples in accordance with the
symbols {321} pertaining fo the block, these samples can be added by the aggregator (555) to the
output of the scaler / inverse transforo unit {351} (in this case called the residual samples or
residual signal) so as to generate output sample information. The addresses within the reference
picture memory (357} from where the motion compensation prediction unit (553} fetchas
prediction samples can be conrolled by motion vectors, available to the motion compensation
prediction unit (353} in the form of symbols (321) that can have, for example X, Y, and reference
picture componeats. Motion compensation also can include interpolation of sample values as
feiched from the reference picture memory (357} when sub-gample exact motion vectors are in
use, motion vector prediction mechanisms, and so forth.

[0875]  The output samples of the aggregator (335) can be subject te vartous loop filtering
techniques in the loop filter unit (3536}, Video compression technologies cap include in-loop
filter technologies that are controlied by parameters included in the coded video sequence (also
referred to as coded video bitstream) and made available to the loop filter wnit (556) as symbols
{521} from the parser (520), but can also be responsive to meta-information obtained during the
decoding of previous {in decoding order) parts of the coded pictare or coded video sequence, as
well as responsive to previously reconstructed and loop-filtered sample values.

{8676]  The output of the loop filter unit (356) can be & sample stream that can be output
to a render device as well as stoved in the reference picture memory (557) for use in future intey-
picture prediction.

{0877} Certain coded pictares, once fally reconstructed, can be used as reference pictures
for future prediction. For example, once a coded picture corresponding to @ currens pioture is
fully reconstructed and the coded picture has been identified as a reference picture (by, for
example, the parser {520)), the current picture buffer (558) can become a part-of the reference
pictare memory {337}, and a fresh curvent picture buffer can be reallocated before copunencing

the reconstruction of the following coded picture.
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{0078]  The video decoder (510 may perform decoding operations according o a
predetermined video compression technology 10 & standard; sych as ITU-T Ree. H263, The
coded video seguence may conform fo a symtax specified by the video compression technology
ot standard being used, m the sense that the coded video sequence adheres to both the syntax of
the video compression technology or standard and the profiles as docamented in the video
compression technology or standard. Specifically, a profile can select certain taols as the only
tools avatlable for use under that profile from gll the tools available i the video compression
technology or standard.  Also necessary for compliance can be that the complexity of the coded
video sequence is within bounds as defined by the level of the video compression technology ar
standard, In some cases, levels resirict the madimum picture size, maximum frame rate,
maximum reconstruction sample rate {measured in, for exanple megasamples per second),
maximom reference picture size, and 50 on. Limits set by levels can, in some cases, be farther
restricted through Hypothetical Reference Decoder (HRD) specifications and metadata for HRD
buffer management signaled in the coded video sequence.

{00791 FIG. 6 shows a block diagram of a video encoder {603} according to an
embodiment of the present disclosure. The video encoder (603 can be used in the V-PCC
encoder (300) the compresses point clouds.  In an exanple, the video compression module (322}
and (323}, and the video compression module (332) are configured similarly to the encoder
{603).

jOBS0G1  The video encoder (603) may receive tmages, such as padded geometry images,
padded exiure tmages and the like, and generate compressed images.

{0681}  According to an embodiment, the video encoder {603} may code and compress

7

the pictures of the source video sequence (images) into 2 coded video sequence {compressed
nnages) in real time or under any other e constraings as required by the application.
Enforcing sppropriate coding speed is one function of g controller (650). Tn some embodiments,
the controller (630) controls other functional vnits as deseribed below and is functionally
coupled to the other functional units. The coupling is not depicted for clarity. Parameters set by
the controller {630} can include rate control velated pasametess (picture skip, quantizer, lambda
valpe of rate-distortion optimization techaiques, ), picture size, gronp of pictures {GOP)
layout, maximum motion vector search range, and so forth, The controller (650) can be
configured to have other suitabile functions that pertain to the video encoder {(603) optimiized for
a certain systern design.
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{06821  Insome embodiments, the video encoder {603} is configured to opevate ina
coding loop.  As an oversimplified deseriptien, in an example, the coding loop can include &
source coder {630) (e g, responsible for ereating symbols, such as a symbol strearm, based on an
input picture o be coded, and a reference picture(s)), and a (focal) decoder (633) embedded in
the video encoder {603). The decoder (633) reconstructs the symbols to create the sample data in
a simtilar manper as a (remwote) decoder also would create (as any compression between symbals
and coded video bitstream is lossless in the video compression technologies considered in the
disclosed subject matter). The reconstructed sample stream {sample data) is input to the
reforence picture mérnory (634) As the decoding of a symbol stream leads t0 bit-exact results
mdependent of decoder location {local or remote), the content in the veference picture memory
{634} 1s also bit exact between the local encoder and remote encoder. In other words, the
prediction part of an encoder “"sees” as reference picture samples exactly the same sample values
as a decoder would "see” when using prediction during decoding. This fundamental principle of
reference picture synchronicite {and resulting deift, if synchronicity cannot be madotained, for
example because of channel errors) is used in some related ants as well,

{0883}  The operation of the "local” decoder (633} can be the same as of a "remote”
decoder, such as the video decoder {3190}, which has already been described in defail above in
conjunction with FIG. 5. Briefly referring alse o FIG. §, however, as symbols are avatlable and
encoding/decoding ot symbols to a coded video sequence by an entropy coder {(645) and the
parser (320} can be lossless, the entropy decoding parts of the video deceder (510), mclading and
parser 5207 may not be fully implemented in the local decoder (6333

{0684]  An observation that can be made at this point is that sy decoder technology

present, in substantially identieal functional form, I & corresponding encoder. For this reason,
the disclosed subject matter focuses on decoder operation. The description of encoder
technologies can be abbreviated as they are the inverse of the comprehensively described
decoder techanlogies. Oaly in certain areas a more detail description s required and provided
below.

{08851 During operation, in some examples, the source coder (630} may perfbrm motion
compensated predictive coding, which codes an put pictige predictively with reference to one
or more previously-coded picture from the video sequence that were designated as "reference
pictures™ In this manner, the coding engine (632) codes differences between pixel blocks of an
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imput pictore and pixel blocks of reference pictare{sy that mayv be selected as prediction
reference{s) to the mput picture.

[6886]  The local video decoder (633) may decode coded video data of pictures that may
be designated as reference pictures, based on syrabols created by the source coder (630).
Operations of the coding engine (632) may advantageously be lossy processes. When the coded
video data may be decoded at a video decoder (ot shown in FIG. 8 }, the reconstructed video
sequence typically may be a replics of the source video sequence with some errors. The local
video decoder {633} replicates decoding processes that may be performed by the video decoder
on reference pictures and may cause reconstructed reference pictures to be stored in the reference
picture cache (634}, In this manner, the video encoder (603} may store copies of reconstructed
reference pictures locally that have common content as the réconstructed reference pictures that
will be ubtained by a fwr-end video decoder {absent transmission ervors).

{0687]  The predictor {635) may perform prediction searches for the coding engine (632},
That 1, for a new picture to be coded, the predictor (633 may search the reference pioture
memory (634) for sample data (as candidate reference pixel blocks) or cerntain metadata such as
reference picture motion vectors, block shapes, and 5o on, that may servé as au appropriate
predivtion reference for the new pictures. The predictor (635} may operate on a sample block-
by-pixel block basis to find appropniate prediction references. In some cases, as determined by
search resalts obtained by the predictor (635), an input picture may have prediction references
drawn from multiple reference pictires stored in the reference picture memory (6341

[0088]  The controller (650) may manage coding operations of the sourée coder (630},
including, for example, settung of parameters and subgroup parameters used for encoding the
video data.

{0089]  Output of all aforerentioned functional units may be subjected to entropy coding
in the entropy coder (6451, The entropy-coder {645} translates the svmbols as generated by the
various functional units into a coded video sequence, by lossless compressing the symbaols
according to technologies such as Huffinan cading, variable length coding, arithmetic cading,
and so forth,

{08961  The controller (6501 may manage aperation of the video encoder {(603),  Duning
coding, the confroller (650} may assign to each coded picture a certain coded picture type, which
may affect the coding techniques that may be applied to the respective picture. For example,
pictures often may be assigned as one of the following pictwre types:
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{00911  An Inira Pictare {1 picture) may be one that may be coded and decoded without
using any other picture in the sequence as a source of prediction. Some viden codecs allow for
different types of intra pictures, inchuding, for example Independent Decoder Refresh ("IDRY)
Pictures. A person skilled in the art is aware of those variants of { pictures and their respective
applications and features,

08921 A prediciive picture (P picture} may be one that may be coded and decoded using
intra prediction or inter prediction using at most one motion vector and reference index to predict
the sample values of each block.

{0693] A bi-directionally predictive picture (B Picture) may be one that may be coded
and decoded using intra prediction or inter prediction using at most two motion vectors amd
reference indices 1o predict the sample vatues of each block. Simularty, multiple-predictive
pictares can use more than two reference pictures and assoctated metadata for the reconstroction
of a single block.

{0694]  Source pictures cornnonly may be subdivided spatially into g plorality of sample
blocks {for example, blocks of 4x4d, 8x8, 4x&, or 16x16 samples each) and coded on a block-by-
block basis. Blocks may be coded predictively with reference to other {already coded) blocks as
determined by the coding assignment apphied to the blocks’ respective pictures. For example,
blocks of 1 pictures may be coded non-predictively or they may be coded predictively with
reference o already coded blocks of the same picture {spatial prediction or intsa prediction).
Pixel blocks of P pictures may be coded predictively, via spatial prediction or vis temporal
prediction with reference 1o one previpnsly coded reference picturg, Blocks of B pictures may be
coded predictively, via spatial prediction or via temporal prediction with reference to one or two
previously coded reference pictures,

{00958]  The video encoder (603} may perform coding operations according to a
predetermined video coding technology or standard, such as TTU-T Rec, H.265. Iu #is operation,
the video encoder (603) may perform various compression operations, including predictive
coding operations that exploit temporal and spatial redundancies in the mput video sequence.
The coded video data, therefore, may conform to a syntax specified by the video coding
techaplogy or standard being used.

[0056] A video may bein the form of a plurality of source pictures (images) in a
temporal sequence. Intra-picture prediction (often abbreviated to intra prediction} makes use of

spatial correlation in 8 given pictuwre, and inter-picture prediction makes uses of the (tempors! or
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other) correlation between the pietures. 1o an example, a specific picture under
encodmg/decoding, which is referred 10 as a currend picture, s partitioned iito blocks. Whena
block in the current pictire 13 stnilar to a reference block in a previously coded and still buffered
reference picture in the video, the block in the current picture can be coded by a vector that is
referred to as a motion vector. The motion vector points to the reference block in the reference
picture, and can have a third dimension identifying the reference picture, in case multiple
reference pictures are in use.

{0697]  Insome embodiments, a bi-prediction technique can be used i the inter-picture
prediction.  According to the bi-prediction sechnique, two reference pictures, such as a first
reference picture and a second refersnce picture that are both prior in decoding order to the
current pictive i the video (but may be o the past and future, respectively, in display order) are
used, A block in the current pichure can be coded by a first motion vector that points to a fist
reference block in the first reference picture, and a second motion vector that points to a second
reference block in the second reference picture. The block can be predicted by g combination of
the first reference block and the second reference block.

[0098]  Further, a merge mode technique can be tsed in the inter-picture prediction
improve coding efficiency.

{0699]  According to some embodiments of the disclosure, predictions, such as inter-
picture predictions and infra-picture predictions are performed in the unit of blocks. For
example, according to the HEVC standard, a picture in a sequence of video pictures 15
partitioned into coding tree onits (CTU) for compression, the CTUs in a picture have the same
siee, such as 64x64 pixels, 32x32 pixels, or 16x16 pixels. In general, & CTU includes three
coding tree blocks (CTBs), which are one tuma CTR and two chroma CTBs, Each CTU can be
recursively quadiree split into ane or nudtiple coding units (CUs). For example, a CTU of 64x64
pixels can be split into one CU of 64x64 pixels, or 4 CUs of 32x32 pixels, or 16 CUs of 16x16
pixels. Inan example, each CU s analyzed w determine a prediction type for the {1, such as an
inger prediction fype or an intra prediction type. The CU s split into one or more prediction urits
{PUs} depending on the temporal andfor spatial predictability. Generally, each PU includes a
huma prediction block (PB), and two chroma PBs. it an embodiment, 8 prediction operation in
coding (encoding/decoding) is pecformed in the wnit of a prediction block. Using & Tumia

prediction block as an example of a prediction block, the prediction block includes a matrix of
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values {e.g., luma values) for pixels, such as 8x8 pixels, 16x16 pixels, Bx16 pixels, 16«8 pixels,
and the ke

[0188)  FIG. 7 shows a block diagram of a G-PPC encoder (700} in accordance with an
embodiment. The encoder (700} can be configured 1o receive point clond data and compress the
point cloud data to generate a bit stream carrying compressed point cloud data. Inan
embodiment, the encoder (700} can include a position quantization module (710}, a duplicated
points ramoval tnodule (712}, an octres encoding modude (730), an atiribate iransfor modale
{720}, a level of detail {LOD)} generation module {740), an attribute prediction module {750}, a
residual quantization modaole {760}, an arithmetic coding module (770}, an inverse residual
quantization module {780), an addition modude {781}, and a memory {790) to store reconstructed
attribute values.

[6101]  Asshown, an input point cload {7011 can be veceived at the encoder {7003
Positions {e.g., 3D coordinates) of the point cloud (701) are provided o the quantization module
{710}, The quantization module (710) 1s configured o quantize the coordinates to genergte
quantizad positions. The duplicated points removal module {712} s configured to receive the
guantized positions and perform & flter process to identify and remove duplicated points. The
octree encoding modale (730} {s configured to receive filtered positions from the duplicated
points remaval module (712), and perforn an octree-based encoding process to gengrate a
sequence of ocoupancy codes that describe a 313 grid of voxels. The ocoupancy codes are
provided to the arithmetic coding module {77Q),

[0162]  The atribufe transfer module (720} is configured to réceive attributes of the input
point cloud, and perform an atinibute transfer process to determine an attribute value for each
voxel when multiple attribute valoes are associated with the respective voxel, The attribute
transfer process can be performed on the re-ordered points output from the octree encoding
module {730). The atiributes after the transfer operations are provided to the attribute prediction
modale (750}, The LOD generation module {740} is configured o operate on the re-ordered
points output from the octree encoding madule {730), and re-organize the points into different
LODs. LOD information is supplied {0 the atiribute prediction module (750},

{01631 The auribute prediction module (730) processes the poiits acconding to ap LOD-
based order indicated by the LOD information from the LOD generation module (740}, The
attribute prediction module {750} generates an ativibute prediction for a current point based on
reconstructed attributes of & set of neighboring pomts of the current point stored 11 the memory
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{790} Prediction residuals can subsequently be obtained based on origingl attribute valoes
received from the attribute transfer module (720} and locally generated atiribute predictions,
When candidate indices are used in the respective ativibute prediction process, an index
corresponding o a selected prediction candidate may be provided to the arithmetic coding
module (770},

{0104]  The residual quaniization module (7607 1s configured to veceive the prediction
residuals from the attribute prediction module {750), and perform guantization to generate
guantized restduals. The guantized residuals are provided to the arithinetic coding module (770).

{8105}  The inverse residual quantization module (780} s configured to receive the
quantized residuals from the residual quantization module {760}, and generate reconstructed
prediction residuals by performing an inverse of the guantization operations performed at the
residual quantization module (760}, The addition modude (781) is configured to receive the
reconsirncted prediction residuals from the fnverse residual quantization module {780}, and the
respective attribute predictions from the atiribute prediction madule (7503 By combining the
reconstructed pradiction residuals and the attribute predictions, the reconstructed attribute values
are generated and stored o the memory (7903

[0186]  The arithmetic coding modale {770} is configured to receive the occupancy codes,
the candidate indices (if used), the quantized restduals (if generated), and other information, and
perform entropy encoding to further compress the received values or information. As a result, a
compressed bitstream (702) carrying the compressed information can be generated. The
bitstream (702) may be transmitted, or otherwise provided, t© a decoder that decodes the
compressed bitstrearn, or may be stored in a storage device.

{8107}  FIG. 8 shows g block dingram of & G-PCC decoder (800) i accordance with an
embodiment. The decoder (300) can be configured to receive a compressed bitstream and
perform point cloud data decompression to decompress the bitstream to generate decoded point
cloud data. In an embodiment, the decoder {800} can include an arithmetic decoding module
{810}, an inverse residoal quantization module (820), an octree decading module (830}, an LOD
generation module (840}, an attribute prediction module {8303, and a memory (860) 1o store
reconstructed attribute values.

[0108]  As shown, g compressed bitstream (801} can be recerved gt the arithimetic
decoding module (810}, The arithmetic decoding module (810) 1s configured to decode the
compressed bitstream (801) to obtain guantized residuals (if generated) and occupancy codes of
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a point cloud. The octree decoding module (830 is configured to determine recoustracted
positions of polists in the point clond sccording 1o the cccupancy vodes. The LOD generation
module (840} is configured to re-organize the points into different LODs based on the
recenstructed positions, and determine an LOD-based order. The mverse residual quantization
module (820} is configured o generate reconstracted residuals based on the guantized residuals
received from the arithmetic decoding module {810).

[0109]  The attribute prediction module (830) 15 configured to perform an aitrtbute
prediction process to determine atitibute predictions for the points accordmg 1o the LOD-based
prder. For example, an attribute prediction of & current poit can be determined based on
reconstructed atiribute values of neighbosing points of the current point stored i the memory
{860}, The atribute prediction module {850} can combine the antnbute prediction with a
respective reconstructed residual to generate a reconsiructed atiribute for the carrent point.

{0113] A sequence of reconstructed attributes generated from the attribute prediction
module (850} together with the reconstructed positions generated from the octree decoding
module (830} corresponds to a decoded point cloud (802} that is cutput from the decoder (800} n
one example, Inaddition, the reconstruscted attributes are glso stored into the memory (860) and
can he subsequently used for deriving atirtbute predictions for subsequent points,

10113 1o various embodiments, the encoder {300), the decoder {200), the encoder (700),
and/or the decoder (800} can be implemented with hardware, software, or combination thereof,
For example, the encoder (300}, the decoder {408}, the encoder (700), and/or the decpder (300}
can be implervented with processing circuitey such as one or more integrated cireuits (10s) that
operate with or without seftware, such as an application specific integrated cirenit (ASIC), field
programmable gate array (FPGA), and the like. In another example, the encoder (300), the
decoder (400), the encoder {700, and/or the decoder (800} can be implemented as sofiware or
fiemware including instructions stored v 2 non-volatile (or non-transitory } computer-readable
storage medium. The instructions, when executed by processing circudiry, such as one or more
processors, causing the processing circuitry to perform functions of the encoder (300}, the
decoder (400), the encoder (700}, andfor the decoder {300).

01121 Itisnoted that the attribute prediction modules (750 and {850} configured to
implement the attribute prediction techniques disclosed herein can be inchaded in other decoders

or encoders that may have similar or different structures from what is shown in FIG. 7 and FIG.
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& v addition, the encoder (700} and decoder {800) can be included in a same device, or separate
devices in various examples.

[8113]  According to some aspects of the disclosure, geomelry octree structure can be
used in PCC.. In some related examples, the geomenty octree structure 18 raversed in a breadth
first order. According to the breadih first order, octree nodes in a current level can be vistted
after the oeiree nodes in an upper level have been visited. According o an aspect of the present
disclosure, the breadih first order scheme is not suitable for paraliel processing because the
current level has to wait for the upper level to be coded. The present disclosure provides
techmiques to add depth first coding order i the coding order technigues for geometry octree
structure. The depth first coding order can be combined with the breadih first order in some
embodiments, or can be used by itgelf in some embodiments, The coding orders (e.g., depth first
coding order, a combination of the depth fivst coding order and the breadth first coding order and
the fike) can be referred o as hybrid coding order for PCC in the present disclosure.

[0114]  The proposed methods mav be used separately or combined inany order, Further,
each of the methods (or embodiments), encoder, and decoder may be implemented by processing
clrouiiry (8.8, O1e O MOTR ProCcEssors O one ar more integrated clrouits). In one example, the
One OF IMOLe Processors execute a program that is stored in a non-transitory computer-readable
medivn

{B1I18]  According to some aspects of the disclosure, geometry information and the
associgted attributes of a point cloud, such as color, reflectance and the like can be separately
compressed (2.2, in the Test Model 13 {TMC13)y model). The geometry information of the point
cloud, which includes the 312 coordinates of the points in the point cloud, can be coded by an
ociree partition with ovccupancy inforntation of the partivions, The attributes can be compressed
based on a reconstructed geometry using, for example, prediction, lifting and region adaptive
hierarchical transform technigues techniques.

{8116}  According to some aspects of the disclosure, a three dimensional space can be
partitionad using octree partition. Octrees are the three dimensional analog of quadirees in the
two dimensional space, Octreg partition technique refers to the partition technique that
recursively subdivides three dimensional space into eight octuus, and an octree structure réfers
to the tree structure that represents the partitions.  In an example, cach node in the octree
structure corresponds to a three dimensional space, and the node can be an end node (no more

partition, also referred to as leaf node in some examples) or a node with 2 fither partition. A

a0
e



WO 2021/112953 PCT/US2020/054600

partition at a node can partition the three dimensional space represented by the node into eight
cetants. In some examples, nodes corresponding to partitions of a specific node can be referred
to as child nodes of the specific node,

{0117} FIG. 9 shows a disgram illustrating a partition of a 3D cube (900) {corresponding
to a node) based on the octree partition techniqus sccording o some embodiments of the
disclosure. The partition can divide the 3D cube {900} into eight smaller equal-sized cubes 0-7
as shown in FIG. 9,

{0118}  The vctree partition technigue (e.g., m TMC13) can recursively divide an original
3D space into the smaller units, and the occupancy information of every sub-space can be
encoded to yepresent geometry positions,

{01181 Insome embodiments (e, In TMC13), an octroe geometty codeéc is used. The
octree geomelry codec can perform geometry encoding.  In some examples, geometry encoding
is performed on a cubical box.  For example, the cubical box can be an axis-aligned bounding
box B that is defined by two points {0,0,0) and (2¥ 7128~ 1 2% -1y where 2M 1 defines the
size of the bounding box B and M can be specified in the bitstream.

{01208]  Then, an ovtree structure is built by vecursively subdividing the cubical box. For
example, the cubical box defined by the two points (0,0,0) and (2%~ 128 ~1 2% =35 5 divided
1o 8 sub chbical boxes, then an 8-bit code, that s referred 0 as an occupaney code, 1§
generated, Each bit of the occupancy code is associated with a sub cubical box, and the valve of
the bit is used to indicate whether the associated sub cubical box contains any points of the point
clouad. For example, value 1 of a bit indicates that the sub cubical box associated with the bit
containg one or more points of the point cloud; and value 0 of a bit indicates that the sub cubical
box assoviated with the bit contains no point of the point cloud.

{0123}  Further, for empty sub cubical box {e.g., the value of the bit assoctated with the
sub cobical box i3 0}, no more division is applied on the sub cubical box. When g sub cubical
box has one or more points of the point cloud (2.g., the value of the bit associated with the sub
cubical box is 1), the sub cubical box is forther divided into § smaller sub cubical boxes, and an
occupancy code can be generated for the sub cubical box tv mdicate the occupancy of the smaller
sub cubizal boxes. In some examples, the subdivision operations can be repetitively performed
on non-empty sub cubical boxes until the size of the sub cabical boxes is equal fo

predetermined threshold, such as size being 1. In some examples, the sub cubical boxes with &

23



WO 2021/112953 PCT/US2020/054600

size of 1 are referred to as voxels, and the sub cubical boxes that have larger sizes than voxels
can be referred 1o as non-voxels.

{0122} FIG. 10 shows an example of an octree partition (1010) and an octree structiwe
{1020} corresponding to the octree partition (1010) according to some embodiments of the
disclosure.  FIG. 10 shows two levels of partitions in the octree partition (1010). The octree
structure (1020} includes s node {NO) comresponding to the vubical box for octree partition
{1010}, Ata first level, the cubical box is partitioned info 8 sub cubical boxes that are mumbered
0-7 according to the numbering technique shows in FIG. 9. The occupancy code for the partition
of the node WO is “10000001" i binary, which indicates the first sub cubical box represented by
node NO-) and the eighth sub cubical box represented by node NO-7 includes points in the point
cloud and other sub cobical boxes are empty.

{6123]  ‘Then, at the second level of partition, the fisst sub cobical box (represented by
node NO-0) and the eighth sub cubical box (represented by node NU-7) are further respectively
sub-divided info olght octants, For example, the fiest sub cubical box {represented by node NO-
{0y iy partitioned into 8 smalier sub cubical boxes that are numbered 0-7 according to the
numbering technique shown in FIG. 9. The occupancy code for the partition of the node NO-U is
“GD01 10007 in binary, which mdicates the fourth smaller sub cubical box (represented by node
NO-0-3} and the §ifth smaller sub cubical box (represented by node NO-0-4) ncludes points m the
point cloud and other smaller sub cubical boxes are empty. At the second level, the seventh sab
cubical box (represented by node NO-7} is similarly partitioned into 8 smaller sub cubical boxes
as shownin FIGL 10,

{0124]  Inthe FIG. 10 example, the nodes corresponding to non-empty cubical space
{e.g.. cubical box, sub cubical boxes, sinaller sub cubical boxes and the like) are colored in grey,
and referred 10 as shaded nodes.

{01251 According to some aspects of the disclosure, the occupancy codes can be suitably
compressed using suitable coding technigues. In some embodiments, an arithmetic encoder i3
nsed to compress an occupancy code of a current node in the octree structure. The occupancy
code can be denoted as S which is an 8-bit integer, and each bit in § indicates an occupancy
status of 2 child node of the corrent node: In an embodimens, the ocoupaney code is encoded
using a bit wise encoding. In ancther enbodiment, the occapancy code is encoded using 2 byte
wise encoding.  In some examples {e.g., TMC13), the bit-wise encoding is enabled by defauit.
Both of the bit wise encoding and the byte wise encoding can perform arithmetic coding with
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context modeling to gncode the occupancy code. The context statns can be initialized at the
begming of the whole coding process for the occuparey codes and &s updated during the coding
process of the occupancy codes.

{0126]  Inan anbodiment of bit-wise encoding to encode an occupancy code for a current
node, eight bins in S for the current node are encoded in a centain order. Each binin S14s
encoded by referring to the orcupancy status of neighboring nodes of the current code and/oy
child nodes of the neighboring nodes, The neighboring nodes are at the same level as the current
node, and can be referred to as sibling nodes of the current node.

10127} Inan ambodiment af byte wise encoding to encode an occupancy code for &
current node, the occupancy code S {one byte) can be encoded by referring to: {1) an adaptive
ook up table (A-LUT), which keeps track of the P {e.i., 32) most frequent used occupancy
codes; and (2) a cache which keeps track of the last different observed Q {e.g., 16} ocoupancy
codes.

{0128]  In some examples for byte wise encoding, a binavy flag fudicating whether Sis in
the A~LUT or not is epcoded. IFS ixin the A-LUT, the index in the A-LUT s encoded by using
a binary atithmetic encoder, If S s not in the A-LUT, then a binary flag indicating whether S is
in the cache or not is encoded. IS is m the cache, then the binary representation of its index in
the cache is encoded by using a binary arithmetic encoder. Otherwise, i S 1s not in the cache,
then the binary representation of S 18 encoded by nsing a bisary avithmetic encoder:

j013%  Insome embodiments, at a decoder side, a decoding process can start by parsing
the dimeusions of a bownding box from the hitstream. The bounding box is inglicative of the
cubical box corresponding to a root node in the octree structure for partitioning the culbdcal box
according to geometry information of the point clond {e.g., occupancy informasion for points in
the point cloud}. The octree structure is then built by subdividing the cubical box according to
the decoded occupancy codes.

{0130] 1o some related examples, (e.g., a version of TMCI3), to code the eccupancy
codes, the octree structure 1s traversed in the breadth first order. According to the breadth first
order, octree podes (nodes in the octree structore) ina tevel can be visited after all of the octree
nodes inan upper levelbhave been vistted, In an implementation exgnyple; a frst-in-fratout
{FIFQ) data structure can be nsed.

{6131]  FIG. 11 shows a diagram of an octree structure (1100} iHustrating breadth first
coding order. The shaded nodes in the octree structure {1100) are nodes corresponding o
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cubical spaces that are noi empty. The occupancy codes for the shaded nodes can be coded in
the breadth first coding order from 0 to 8 shown in FIG, 11, In the breadih first coding order, the
octree nodes are visited level-by-level. The breadth first coding order by itself is not suitable for
parallel processing because the current level has to wait for the upper level to be coded.

{0132]  Some aspects of the discloswre provide a hybrid coding order that includes at least
one level that is coded using a depth first coding order instead of the breadil first coding order.
Thus, in some embodiments, a node at the level with the depth fivst coding order and descendant
nodes of the node can form a sub octres structure of the octree structure. When the level with
depth first coding order mcludes multiple nodes respectively correspending to non-empty cubical
spaces, the multiple nodes and their corresponding descendant nodes can form multiple sub
actres structires. The multiple sub octres structures can be coded in parallel in some
embodinents,

{6133  FIG. 12 shows g diagram of an octree structure (1200} Hustrating depth first
coding order. The shaded nodes in the octree structire {1200} are nodes corresponding to
cubical spaces that are not empty. The octree structure {1200} van correspond to same
cecupancy geometry of a point cloud as the notree structure (1100). The occupancy codes for
the shaded nodes can be coded in the depth first coding order from 0 to 8 shown in FIG. 12,

{0134] 1o the FIG. 12 example, node “07 can be at any suitable partition depth, such as
PDO, child nodes of the node 0" are at the partition depth PDO+1, and grandehild nodes of the
nade “07 are at the partition depth PDO+2. In the FIG. 12 example, nodes at partition depth
PDO+1 can be coded 10 a depth frst coding ovder. The nodes at the partition depth PDO+1
include two nodes that correspond to non-empty space. The two nodes and thew respectively
descendant riodes can form a first sub octree structure (1210} and a second sub octree structure
{1220}, the two nodes can be respectively referred to as root nodes of the two sub octres
shrpchures.

{0135]  The depth Srst coding order in FIG. 12 is referred to as a preorder version of the
depth first coding order.  In the preorder version of the depth first coding order, for each sub
outres structure, the root node of the sub octree is visited first before visiting the child nodes of
the sub octree structure. Further, the degpest node is first visited and then track back o the
sthbmgs of the parent node.

{0136 1o the FIG. 12 example, the first sub octree structure {(1210) and the second sub
octree structare (1220) can be coded in parallel processing n some tmplementations. For
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example, node 1 and node 5 can be visited at the same thme.  In some examples, recursion
programusing or stack data structure can be used to implement the depth first coding order,

[8137]  Insome embodiments, the hybrid coding order starts with the breadth fivst
traversing {coding), and after several levels of breadth fivst traversing, the deprh-first traversing
{coding) can be cuabled.

{0138] It should be noted that the hybrid coding order can be used i any suitable PCC
system, such as the TMC13 based PCC system, MPEG-PCC based PCC system, and the like.

{0139]  According b an aspect of the disclosure, the hybrid coding order can include both
breadih ﬁr_st coding order and depth first coding crder for coding geemetry Information of &
point cloud. I an embodiment, a node size for nodes in the octree structure o change from
breadth first coding order to depth fixst coding order can be speaified. In an example, duning
PCE, the coding of the octree structure starts with breadth first coding order, and at a level with
node size being equal to the specified node size for coding order change, the coding order can
change to the depth first coding order at the levell Ttisnoted that node sive 1s gssociated with
partitions depth in some examples.

[0140]  In another embodiment, a node size for nodes in the octree structiwe to change
from depth first coding order 1o breadth first coding order can be specified. Tn an example,
during POC, the coding of the octree structure stans with depth first coding order, and at a level
with node size being equal to the specified node size for coding order change, the coding order
can change to the breadth first coding order. It is noted that node size 15 associated with partition
depth in some examples.

{0141} More specifically, m the embodiment of starting with breadth first coding order,
the node size can be represented in log? scale, and is denoted by d = 0,1, M ~ 1, where M ~— 1
is the node size of the root node and M s the maximum number of ocires partition depths (also
referred to ay levels in some examples). Further, a parameter oy that is veferred 10 as a coding
order change size can be defined. In an example, the pavameter &, (1 < d, < M ~ 1), isused to
specify that the breadth-first order is applied to the nodes from the size of M — 1 to d; and the
depth-first order is applied 10 the nodés from the size of ¢, —~1 10 0. When d.= M — 1, the
depth-first scheme applied to all the octres nodes from the root node. When d, = 1, the ociree

structare is coded using breadth first coding vrder only,
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{0142]  Insome embodimenis, the coding order for the octree structure can starf with
breadth first coding order, then at & specific depth {comresponding to specific node size), each
node at the specific depth and the descendant nodes of the pode form a separate sub octree
structare of the point cloud. Thus, &t the specific depth, multiple sub ociree structures are
formed. The sub octree structures can be separately coded using any suitable coding mode. In
an example, a sub octree structure can be coded using depth first coding order. In another
example, a sub octree structure can be coded using breadih first coding order. i another
example, a sub ociree structure can be coded using 8 hybrid coding order. In another example,
oceupancy codes in a sub octree structure can be coded using bit wise coding scheme. In ancther
example, occupancy codes in a sub octree structure can be coded using byte wise coding scheme.
In another example, & sub octree structuve can be coded using predictive geometry coding
technique which is an alternative coding mode of depth-first octree coding mode, The
predictive geometry coding technique can predict points based oo previcusly coded neighboring
points with coded corrective vectors h some examples.

[0143]  Insome embodiments, at the encoder side, for each suly octres structure, the
encoder can select a coding mode from multiple coding modes based dn coding efficiencies. For
example, a selected coding mode for a sub octree structure can achieve the best coding efficiency
for the sub octree structire. Then, the encoeder can use respectively selected coding modes for
the sub octree structures to respectively code the sub octree structares,  In some embodiments,
the encoder can signal an index for a sub octree structure in the bitstream and the index is
wdicative of the selected coding mode for the sub octree structure. At the decoder side; the
decoder can determine the coding mode for a sub octree structure based on the index in the
hitstreamn and then decode sub octree structore according 1o the coding mode.

[0144]  Aspects of the present disclosure also provide signaling techniques for the hvbnd
coding order. According o an aspect of the disclosure, controling parameters to be used in the
hybrid coding order can be signaled in high level syntax, such as sequence parameter set (SPS),
shice header, geometry parameter set of the bitstream, and the like. It is noted that specific
examples are provided in the following description. The disclosed techniques illustrated by the
specific examples are not Hmited 1o the speafic examples, and can be suitably adjusted and used
i other examples,

{0145]  In an embodiment, the parameter d; {the coding order change size) is specified in

the high-level syntax,
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{0146]  FIG. 13 shows g syntax example {1300} of geometry paranueter set according o
some embodiments of the disclosure. As shews by {(1310),
gps depth_ first node_size log2 winws 1 is specified o the geometry parameter set. The
parameter d, can be deternuned based on gps_depth_first_node_size lop2 minus_1, for
example, according 1o (Eq. 1),

dy = gps_depth_first_node_ size log2 minus 1+ 1 (Eq. 1}

{6147]  his noted that when gps_depth_first_node_size log2 minus_1 equals to 0, the
depth first coding arder s disabled.

{0148  In another embodiment, a comtrol flag is explicitly signaled to indicate whether
hybrid coding order is used.

{0149]  FIG. 14 shows another syntax sxample (1400) of geometry parameter set
according 1o some embodiments of the disclosure. As shiown by (1410), a control flag thatig
denoted by gps_bybrid_coding ovder flag isused. When the control flag
gps_hybrid_roding order_flag is true {e.g., has value 1), the hybrid coding order scheme is
enabled; when gps_hybrid_coding order_flag is false {e g, has value (), the hyvbad coding
order scheme is disabled. When gps_hybrid_eoding order flag is true {e.g., has value 1}, the
parameter dy can be determined based on gps_depth first_node_size log2 minns 2, for
example, according to {Eq. 2

de = gps_depth first node size togZ minusz + 2 {(Eq. 2)
When gps_hybrid_coding erder flag is false {e.g, has value 0), d; is set to 1 by defanli to
mdicate the depth-first coding order is disabled and only the breadth-first coding order is applied
i an example.

{9150) Tnoan ambodbment, when the hebrid coding ouder is enabled, the breasdth-first
order i3 applied to the nodes from the size of M — 1 10 d, and the depth~first ordey is applied to
the nodes from the size of d, 110 8,

{0151]  FIG. 15 shows a pseudo code example (1500} for ectree coding according o some
embodiments of the disclosure. As shown by (1510}, when depth >= MaxGeometryQctreeDepth
- . depth first coding order can be used. In the FIG. 15 example, the pseudo code
“geonietry_node_depth first” can be applied for depth first coding order.

0152 EIG. 16 showsa pseude code example {1600} for depth first coding order

according to some embodiments of the disclosure, The psendo code
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“geometry node depth first” is a recarsive fanction. In the recursive fanction,
“geometry_node” function s first invoked to obitain the occupancy code for current cotree node,
and then the pseudo code “geometry node depth first” i invoked by itself {o code each child
node until reaching the leaf nodes, for example, when depth »= MaxGeometryOctreeDepth-1.

[0153]  FIG. 17 shows a flow chart outlining a process {1700} according to an
embeodiment of the disclosure. The process {1700) can be used during a coding process for point
clouds. In various embodiments, the process (1700} is executed by processing civcuitry, such as
the processing circuitry in the terminal devices {110}, the processing cirouitry that pesforms
fwctions of the encoder (203} andior the decoder (201}, the processing cirenitry that performs
functions of the encoder (3007, the decoder (400}, the encoder (700), and/or the decoder {300),
and the like. Insome embodiments, the process {1700) is implemented in software mstructions,
thus when the processing civeuitry executes the software instructions, the processing circudtey
performs the process {1700). The process stasts at (S1701) and proceeds to (81710}

{01S4] AL (R1710), a coded bitstream for a point cloud 18 recetved. The coded bistream
includes geometry information in the form of encoded cvcupancy codes for nodes in an octres
structure for the point clond, The vodes in the octree structure corvespond to three dimensional
{31} partitions of a space of the point cloud. Nizes of the nodes are associated with stzes of the
corresponding 3D partitions,

{B185]  AU{S1720), occupancy codes for the nodes are decoded from the encoded
gecupancy codes. At least a first ccoupancy code for a child node of a first node is decoded
withaut waiting for a decoding of g second oceupancy code for a second node having a same
node size as the first node.

{B186]  Inan embodiment, the child node is among a first set of nodes (first descendant
nodes) in a first sub octree with the first node being a root of the first sub octree.  The first node
and the second node are sibling nodes of the same node size. The second pode is the root node
of a second sub octree that includes a second set of nodes (second descendant nodes). Then, in
some examples, a first set of occupancy codes for the first set of nodes and 2 second serof
occupancy codes for the second set of nodes can be decoded separately. In an example, the first
set of occupancy codes for the frstset of nodes and the second set of peoupancy codes for the
second set of nodes can be decoded in pavallel, In another example, the first set of sccupancy
codes for the first set of nodes is decoded using a first coding mode and the second set of
occupancy codes for the second set of nodes is decoded using a second codding mode.
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D187 The first coding mode and the second coding mode can use any of a depth first
coding order, a breadth first coding order, a predictive geometry coding teclmique and the like,
In some examples, the coded bitstream includes a first index that is indicative of the first coding
nuxde for the fivst sub octree and & second index that is indicative of the second coding mode for
the second sub octree.

{01581  In ancther entbodiment, the first node and the second node are of a specific node
stze for coding order change. In some examples, larger nodes in the nodes are coded using a first
coding order, and smaller nodes m the nodes are coding using a second codimg order. The node
sizes of the larger nodes are larger than a specific node size for coding order change. The node
sizes of the smaller nodes are equal or smaller than the specific node size for coding order
change. In an example, the fiest coding order is breadth first coding order and the second coding
order is depth first coding order. In another example, the first coding vrder 13 depth first coding
order and the second coding order is tweadth first coding order.

[0159]  In some examples, the specific node size or coding ovder change is determined
based on a signal in the coded bitstream for the point cloud. In some examples, the signal is
provided when a control sigaal is indicative of a change of coding order.

[0168] At (S1730), the vciree structure can be reconstructed based on the decoded
pecupancy codes for the nodes.

{0181} AU(S1740), the point cloud is reconstructed based on the octree structwre, Then,
the process procesds o (31799) and terminates.

{0162}  The technigues described above, can be implemented as computer software using
computer-readable msituctions and physically stored in one or more Computer-readable media
For example, FIG. 18 shows a computer system {1800) suitable for implementing certain
embodiments of the disclosed subject matter.

{0163}  The computer software can be coded using any suitable machine code or
computer language, that may be subject to assembly, compilation, linking, or like mechanisios to
create code comprising mstructions that can be executed directly, or through interpretation,
micro-code execution, and the like, by one or more computer central processing wnits {CPUS),
Graphics Processing Units (GPLK), and the ke

{0164]  The instructions can be executed on various types of computers or components
thereof, including, for example, personal computers, tablet compusers, servers, smarfphones,
gaming devices, infernet of things devices, and the like.
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{B188]  The components shown in FIG. 18 for computer system {1800} are exemplary in
nature and are not intended {0 suggest any limitation as 1o the scope of use or functicnality of the
computer software implementing embodiments of the présent disclosuwre, Neither should the
confignration of components be interpreted as having any dependency or requivement relating to
any one or combination of components tHustrated in the exemplary embodiment of a computer
system { 1800},

{01667 Computer system (1800) may inchude certain hunan interface mput devices,
Such a human interface input device may be responsive to input by one or more human ysers
thrm:gh? for example, tactile input (such asx keystrokes, swipes, data glove movements), audio
mput {such as; voice, clapping), visual input {sach as; gestures), olfactory input (not depicted),
The human interface devices can also be used 1o capture certain media not necessarily diveotly
related to conseious input by a buman, sech as audio (such ay; speech, music, ambient sound),
imvages (such as: scanned images, photographic images obtain from a still image camera), video
{such as two-dimenstonal video, three-dimenstonal video jucluding stereoscopic video),

{01671 Input human interface devices may imclude one or more of (only one of each
depicted): keyboard (18013, mouse (1802}, wackpad (1803), touch screen (18190, data~glove {not
shown), joystick (1803}, microphone {1806), scanner {1807}, camera {180]).

{0168]  Computer system (1800) may alse tnclude certain hunan interface cutput devices.
Such human intesface output devices may be stimulating the senses of one or more haman users
through, for gxample, tactile output, scund, light, and soellftaste. Such human mterface ontput
devices may include tactile otiput devices (for example tactile feedback by the touch-serecn
{1810}, data~-glove (not shown), ot joystick (1803), but there can also be tactile feedback devices
that do not serve as input devices), audio cutput devices (such as: speakers (1809), headphones
{not depicted)), visual output devices (such as screens {1810) 1o include CRY sereens, LCD
sereens, plasma soreens, OLED screens, each with or without touch-screen input capability, each
with or without tactile feedback capability—some of which may be capable to ouiput two
dimensional visual cutput or more than three dimensicna! ontpuos through means such as
stereographic output; virtuabreality glasses {not depicted), holographic displays and smoke tasks
{not depicted)), and printers {not depicted).

j0169]  Computer system (1800 can also include human accessible storage devices and
their associated media such as optical media including COYDVD ROM/RW (1820} with
CIVDVD or the like media (1821), thumb~drive (1822), removable hard drive or solid state drive
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{1823}, legacy magnetic media such as tape and foppy disc (not depicted), specialized
ROMASIC/PLE based devices such s security dongles (not depicted), and the like

[6170]  Those skilled m the art should also understand that tenm “computer readable
media” as used In connection with the presently disclosed subject matter does not encompass
transmission media, carrier waves, or other transitory signals,

{0171 Computer system {1800} can also include an interface to one or more
communication networks. Networks can for example be wireless, wireline, optical. Networks
can further be local, wide-area, metropolitan, vehicular and industrial, real-time, delay-tolerant,
and 50 on. Examples of networks include local area networks such as Ethemnet, wireless LANs,
cellular networks o include GSM, 3G, 4G, 3G, LTE and the like, TV wireline or wirgless wide
aren digital networks to include cable TV, satellite TV, and terrestrial broadcast TV, vehicular
and industrial to inclade CANBas, and so forth. Certain networks commuonly require external
network interface adapters that attached to certain general purpose data ports or peripheral buses
{1849) (such ag, for example USBH ports of the computer systera {1800)); others are conunonly
integrated into the core of the computer system (1800} by attachment to a system bus as
described below {(for example Ethernet interfsce into 8 PC computer system or cellular network
interface info a smartphone computer system), Using any of these networks, computer system
{1800} can communicate with other entities. Such communication can be uni-directionsl, receive
onty (for example, broadeast TV}, uni-directional send-only (for example CANDus 10 certain
CANbas devices), or bi-directional, for example 1o other computer systems using local or wide
area digital networks, Certain protocols and protocol stacks can be used on each of those
networks and network interfaces as described above.

19172] Alorementiotied human interface devices, human-accessible storage devices, and
network mterfaces can be attached to a core (18407 of the computer system (1800).

{8173} The core {1840} can include one or more Central Processing Units (CPL) (1841,
Graphics Processing Untta (GPU) (1842), specialized programmable processing units in the form
of Fipld Programmable Gate Areas (FPGA)Y (1843), hardware acoelerstars for cortain tasks
{1844}, and so forth. These devices, along with Read-only memory (ROM) (1845}, Random-
access memory {1846), intemal mass storage sueh as intemal non-user accessible hard drives,
85SDs, and the like (1847), may be connected through s system bus (1848}, In some computer
systems, the system bus {1848} can be accessible in the form of one or more physical plugs to
enable extensions by additional CPUs, GPU, and the like. The peripheral devices can be
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attached either directly 1o the core’s system bus (1848}, or through 8 pevipheral bus (1849},
Architectures for a peripheral bus include PCE USB, and the ke

[0174]  CPUs (1841}, GPUs (1842), FPGAs (1843), and accelerators (1844} can execpie
certain instructions that, in combination, can make up the sforementioned computer code. That
compater code can be stored in BOM (1845) ar RAM (1846}, Transitional data can be also be
stoved in RAM (1846}, whereas permanent data can be stoved for example, i1 the internal mass
storage (1347} Fast storage and retrieve to gny of the memory devices can be enabled through
the use of cache memory, that can be closely associated with one or more CPU (1841), GPU
{1842}, mass storage (1847), ROM (1845), RAM {1846}, and the like.

{01781 The computer readable media can have computer code thereon for performing
various computer-implemented operations.. The media and computer code can be those specially
designed and constructed for the purposes of' the present disclosure, or they van be of the kind
well known and available to those having skill in the computer software arts.

{0176]  As an example and not by way of Himitation, the computer system having
architecture {1800}, and specifically the core (1840) can provide functionality as a result of
processor{s) (nclading CPUSs, GPUS, FPGA, sccelerators; aud the like) exccating software
embodied in one or more tangible, computer-readable media. Such computer-readable media
can be media associated with user-accessible mass storage as introduced above, as well as certain
storage of the core {1840 that are of pon-transitory nature, such as core-internal mags storage
{1847y or ROM (1845}, The software implementing various embodiments of the presemt
disclosure can be stored in such devices and executed by core {18403, A ¢computer-readabie
medium can include one or more memory devices ur chips, according to particular needs. The
software can cause the core {1840) and specifically the processors therein (including CPU, GPU,
FPGA, and the like) to execute particular processes or particular parts of particular processes
described herein, Including defining data structures stored in RAM (1846} and modifying sach
data siractures according to the processes defined by the software. In addition or as an
alternative, the computer system can provide functionality as a result of logic hardwired or
otherwise embodied i a circuit {for example: accelerator (184:4)), which can operate in place of
or topether with software to execute particular progesses or particndar party of panticular
processes described hierein, Reference to software can eticompass logic, and vice versa, whete
appropriate. Reference to a computer-readable media can encompass a circnit (such as an
integrated circutt (IO storing software for execution, a circuit embodying logic for execution, or
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both, where appropriate. The present disclosure encompasses any suitable combination of
hardware and software.

[8177]  While this disclosare has described several exemplary embodiments, there are
alterations, permutations, and various substitute equivalents, which fall within the scope of the
disclosure. It will thes be appreciated that those skilled in the art will be able to devise numerous
systems and methods which, although not explicitly shown or described hersin, embody the

principles of the disclosure and are thus within the spirit and scope thereof.
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WHAT IS CLAIMED IS:
1. A method for point cloud coding, comprising:
receiving, by a processor and from a coded bitstream for a point cloud,
encoded data for nodes in an octree structure for the point cloud, the nodes in the octree
structure corresponding to three dimensional (3D) partitions of a space of the point cloud,
sizes of the nodes being associated with partition depths in the octree structure;
decoding, by the processor and from the encoded data, occupancy codes for
the nodes, wherein the decoding the occupancy codes includes
decoding a first portion of the occupancy codes for larger nodes in the nodes using a
first coding order, the sizes of the larger nodes being larger than a threshold node size for
coding order change, and
decoding a second portion and a third portion of the occupancy codes for different
sets of nodes of smaller nodes in the nodes using a second coding order that is different from
the first coding order, the sizes of the smaller nodes being equal to or smaller than the
threshold node size for coding order change;
reconstructing, by the processor, the octree structure based on the decoded
occupancy codes for the nodes; and
reconstructing, by the processor, the point cloud based on the octree structure.
2. The method of claim 1, further comprising:
decoding a first set of occupancy codes for a first set of nodes of the smaller
nodes in a first sub octree with a first node being a root of the first sub octree; and
decoding a second set of occupancy codes for a second set of nodes of the
smaller nodes in a second sub octree with a second node being a root of the second sub
octree, the first node and the second node having a same node size.
3. The method of claim 2, further comprising:
decoding the first set of occupancy codes for the first set of nodes in the first
sub octree in parallel with the decoding of the second set of occupancy codes for the second
set of nodes in the second sub octree.
4. The method of claim 2, further comprising:
decoding, using a first coding mode, the first set of occupancy codes for the
first set of nodes in the first sub octree; and
decoding, using a second coding mode, the second set of occupancy codes for
the second set of nodes in the second sub octree.

5. The method of claim 4, further comprising:
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decoding, from the coded bitstream, a first index that is indicative of the first
coding mode for the first sub octree; and
decoding, from the coded bitstream, a second index that is indicative of the
second coding mode for the second sub octree.
6. The method of claim 1, wherein the first coding order is breadth first coding
order and the second coding order is depth first coding order.
7. The method of claim 1, wherein the first coding order is depth first coding
order and the second coding order is breadth first coding order.
8. The method of claim 1, further comprising:
determining the threshold node size for coding order change based on a signal
in the coded bitstream for the point cloud.
9. The method of claim 8, further comprising:
decoding a control signal from the coded bitstream for the point cloud, the
control signal being indicative of a change of coding order.
10.  An apparatus for point cloud coding, comprising:
processing circuitry configured to:
receive, from a coded bitstream for a point cloud, encoded data for
nodes in an octree structure for the point cloud, the nodes in the octree structure
corresponding to three dimensional (3D) partitions of a space of the point cloud, sizes of the
nodes being associated with partition depths in the octree structure;
decode, from the encoded data, occupancy codes for the nodes,
wherein the decoding the occupancy codes includes
decoding a first portion of the occupancy codes for larger nodes in the nodes using a
first coding order, the sizes of the larger nodes being larger than a threshold node size for
coding order change, and
decoding a second portion and a third portion of the occupancy codes for different
sets of nodes of smaller nodes in the nodes using a second coding order that is different from
the first coding order, the sizes of the smaller nodes being equal to or smaller than the
threshold node size for coding order change;
reconstruct the octree structure based on the decoded occupancy codes
for the nodes; and
reconstruct the point cloud based on the octree structure.

11.  The apparatus of claim 10, wherein the processing circuitry is configured to:
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decode a first set of occupancy codes for a first set of nodes of the smaller
nodes in a first sub octree with a first node being a root of the first sub octree; and
decode a second set of occupancy codes for a second set of nodes of the
smaller nodes in a second sub octree with a second node being a root of the second sub
octree, the first node and the second node having a same node size.
12.  The apparatus of claim 11, wherein the processing circuitry is configured to:
decode the first set of occupancy codes for the first set of nodes in the
first sub octree in parallel with the second set of occupancy codes for the second set of nodes
in the second sub octree.
13.  The apparatus of claim 11, wherein the processing circuitry is configured to:
decode, using a first coding mode, the first set of occupancy codes for the first
set of nodes in the first sub octree; and
decode, using a second coding mode, second set of occupancy codes for the
second set of nodes in the second sub octree.
14.  The apparatus of claim 13, wherein the processing circuitry is configured to:
decode, from the coded bitstream, a first index that is indicative of the first
coding mode for the first sub octree; and
decode, from the coded bitstream, a second index that is indicative of the
second coding mode for the second sub octree.
15.  The apparatus of claim 10, wherein the first coding order is breadth first
coding order and the second coding order is depth first coding order.
16.  The apparatus of claim 10, wherein the first coding order is depth first coding
order and the second coding order is breadth first coding order.
17.  The apparatus of claim 10, wherein the processing circuitry is configured to:
determine the threshold node size for coding order change based on a signal in
the coded bitstream for the point cloud.
18. A method for point cloud coding, comprising:
receiving point cloud data of a point cloud;
deriving an octree structure of the point cloud based on the point cloud data,
nodes in the octree structure corresponding to three dimensional (3D) partitions of a space of
the point cloud, sizes of the nodes being associated with partition depths in the octree
structure;
generating a sequence of occupancy codes for the nodes, wherein a first

portion of the occupancy codes for larger nodes in the nodes being arranged according to a
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first coding order, the sizes of the larger nodes being larger than a threshold node size for
coding order change, and a second portion and a third portion of the occupancy codes for
different sets of nodes of smaller nodes in the nodes are arranged according to a second
coding order that is different from the first coding order, the sizes of the smaller nodes being
equal to or smaller than the threshold node size for coding order change;

encoding the sequence of occupancy codes into encoded data; and

generating a coded bitstream that includes the encoded data.

19. An apparatus for point cloud coding, comprising:

processing circuitry configured to:

receive point cloud data of a point cloud;

derive an octree structure of the point cloud based on the point cloud data,
nodes in the octree structure corresponding to three dimensional (3D) partitions of a space of
the point cloud, sizes of the nodes being associated with partition depths in the octree
structure;

generate a sequence of occupancy codes for the nodes, wherein a first portion
of the occupancy codes for larger nodes in the nodes being arranged according to a first
coding order, the sizes of the larger nodes being larger than a threshold node size for coding
order change, and a second portion and a third portion of the occupancy codes for different
sets of nodes of smaller nodes in the nodes are arranged according to a second coding order
that is different from the first coding order, the sizes of the smaller nodes being equal to or
smaller than the threshold node size for coding order change;

encode the sequence of occupancy codes into encoded data; and

generate a coded bitstream that includes the encoded data.

20. A method for processing a video bitstream, wherein the video bitstream is

decoded according to the method in any one of claims 1 to 9, or the video bitstream is

generated according to the method in claim 19.
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