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POINT CLOUD ENCODING METHOD, POINT CLOUD DECODING METHOD, ENCODER, AND

DECODER

[0001] This application claims priority to Chinese Patent Application No. 201810766911.3, filed with the China
National Intellectual Property Administration on July 12, 2018 and entitled "POINT CLOUD ENCODING METHOD,
POINT CLOUD DECODING METHOD, ENCODER, AND DECODER", which is incorporated herein by reference

in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this application relate to the field of coding technologies, and in particular, to a point

cloud (point cloud) encoding method, a point cloud decoding method, an encoder, and a decoder.

BACKGROUND

[0003] With continuous development of 3D sensor (for example, 3D scanner) technologies, it is increasingly
convenient to collect point cloud data, and the point cloud data is collected on an increasingly large scale. Therefore,

how to effectively encode and decode the point cloud data becomes an urgent problem to be resolved.

SUMMARY

[0004] Embodiments of this application provide a point cloud encoding method, a point cloud decoding method,
an encoder, and a decoder, to help improve point cloud coding performance.

[0005] According to a first aspect, an embodiment of this application provides a point cloud encoding method.
The method includes: acquiring a normal (Normal) axis of a to-be-encoded patch (patch) in a to-be-encoded point
cloud and description information of a minimum bounding rectangle corresponding to the to-be-encoded patch, where
the normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch are used to determine a tangent (Tangent) axis of the to-be-encoded patch
and a bitangent (Bi-tangent) axis of the to-be-encoded patch; and encoding a syntax element into a bitstream, where
the syntax element is used to indicate the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-

encoded patch, and the syntax element includes an index of the normal axis of the to-be-encoded patch and information
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used to indicate the description information of the minimum bounding rectangle corresponding to the to-be-encoded
patch. In an example, the method may be performed by an encoder.

[0006] The minimum bounding rectangle corresponding to the to-be-encoded patch is a minimum bounding
rectangle of a two-dimensional image (which is referred to as a pre-occupancy map hereinafter) obtained by pre-
projecting the patch from a three-dimensional space to a two-dimensional space.

[0007] The description information of the minimum bounding rectangle corresponding to the patch is
information used to describe the minimum bounding rectangle corresponding to the patch, and is specifically
information used to describe a side size (which may also be referred to as a two-dimensional size) of the minimum
bounding rectangle.

[0008] Both the index of the normal axis of the to-be-encoded patch and the information used to indicate the
description information of the minimum bounding rectangle corresponding to the to-be-encoded patch are patch-level
information.

[0009] Optionally, the description information of the minimum bounding rectangle corresponding to the patch
may include a relationship between sizes of sides of the minimum bounding rectangle corresponding to the patch.
[0010] Optionally, the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-encoded patch may include an index of the relationship between sizes of sides of
the minimum bounding rectangle corresponding to the to-be-encoded patch, or size information (or side size
information) of the minimum bounding rectangle corresponding to the to-be-encoded patch.

[0011] In one aspect, the description information of the minimum bounding rectangle corresponding to the patch
may reflect a pose of the patch. For example, the pose of the patch may be represented by whether an occupancy map
obtained by mapping the patch from the three-dimensional space to the two-dimensional space is vertical or horizontal.
In another aspect, whether an occupancy map of a patch of a same pose is vertical or horizontal affects a size of an
occupancy map of a point cloud obtained by packing the occupancy map of the patch. Therefore, the tangent axis and
the bitangent axis of the to-be-encoded patch are determined based on the normal axis of the to-be-encoded patch and
the description information of the minimum bounding rectangle corresponding to the to-be-encoded patch. This is
favorable to implementing that occupancy maps of patches are closely arranged in the occupancy map of the point
cloud by adjusting an orientation (a vertical orientation or a horizontal orientation) of the occupancy map of the to-
be-encoded patch, thereby helping perform image-/video-based encoding on a depth map and a texture map that are
determined based on the occupancy map of the point cloud. In other words, this can improve point cloud encoding
performance, and further improve point cloud decoding performance.

[0012] In a possible design, the method may further include: determining the tangent axis of the to-be-encoded
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patch and the bitangent axis of the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the
description information of the minimum bounding rectangle corresponding to the to-be-encoded patch; and projecting
the to-be-encoded patch from the three-dimensional space to the two-dimensional space based on the tangent axis of
the to-be-encoded patch and the bitangent axis of the to-be-encoded patch.

[0013] In a possible design, the determining the tangent axis of the to-be-encoded patch and the bitangent axis
of the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch may include: determining, according to a
projection rule, the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch based
on the normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch, where the projection rule refers to distribution, in the two-dimensional
space, of an occupancy map obtained by projecting one or more patches in the to-be-encoded point cloud to the two-
dimensional space. For example, the projection rule may indicate vertical projection or horizontal projection.
[0014] Optionally, the projection rule may be a preset projection rule (or the projection rule is referred to as a
predefined rule, for example, the projection rule may be a rule predefined according to a protocol for an encoder side
and a decoder side; or the projection rule may be a default rule).

[0015] Optionally, the projection rule may not be preset. For example, the projection rule may be determined
according to a rate-distortion cost criterion. If the projection rule is not preset, further optionally, the syntax element
may further include information used to indicate the projection rule. The information used to indicate the projection
rule is frame-level information.

[0016] In a possible design, the determining the tangent axis of the to-be-encoded patch and the bitangent axis
of the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch may include: determining, based on a
mapping relationship, a target tangent axis and a target bitangent axis that correspond to both the normal axis of the
to-be-encoded patch and the description information of the minimum bounding rectangle corresponding to the to-be-
encoded patch, where the mapping relationship is a mapping relationship between the following items: a plurality of
normal axes of a patch, a plurality of types of description information of a minimum bounding rectangle corresponding
to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the patch; and the target
tangent axis is the tangent axis of the to-be-encoded patch, and the target bitangent axis is the bitangent axis of the to-
be-encoded patch. For example, the mapping relationship may be predefined. For example, the mapping relationship
is predefined according to a protocol. Specifically, the mapping relationship may be stored, for example but not limited
to, in one or more tables. In this case, the possible design may be implemented by looking up a table.

3



10

15

20

25

30

[0017] In a possible design, the determining the tangent axis of the to-be-encoded patch and the bitangent axis
of the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch may include: looking up a table based on the
normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch, to obtain a target tangent axis and a target bitangent axis that correspond to
both the normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch, where the target tangent axis is the tangent axis of the to-be-encoded patch,
and the target bitangent axis is the bitangent axis of the to-be-encoded patch, and the table that is looked up includes
a mapping relationship between the following items: a plurality of normal axes of a patch, a plurality of types of
description information of a minimum bounding rectangle corresponding to the patch, a plurality of tangent axes of
the patch, and a plurality of bitangent axes of the patch.

[0018] In a possible design, if a projection rule indicates vertical projection, an axis on which a longest side of
the minimum bounding rectangle corresponding to the to-be-encoded patch is located is the bitangent axis of the to-
be-encoded patch, and an axis on which a shortest side of the minimum bounding rectangle corresponding to the to-
be-encoded patch is located is the tangent axis of the to-be-encoded patch; or if a projection rule indicates horizontal
projection, an axis on which a longest side of the minimum bounding rectangle corresponding to the to-be-encoded
patch is located is the tangent axis of the to-be-encoded patch, and an axis on which a shortest side of the minimum
bounding rectangle corresponding to the to-be-encoded patch is located is the bitangent axis of the to-be-encoded
patch. The projection rule refers to distribution, in the two-dimensional space, of an occupancy map obtained by
projecting one or more patches in the to-be-encoded point cloud to the two-dimensional space. The normal axis of the
to-be-encoded patch is perpendicular to the two-dimensional space. This possible design is described by using an
example in which "a horizontal axis of a two-dimensional plane is a tangent axis of a patch, and a vertical axis of the
two-dimensional plane is a bitangent axis of the patch".

[0019] Alternatively, if the horizontal axis of the two-dimensional plane is the bitangent axis of the patch, and
the vertical axis of the two-dimensional plane is the tangent axis of the patch, if a projection rule indicates vertical
projection, an axis on which a longest side of the minimum bounding rectangle corresponding to the to-be-encoded
patch is located is the tangent axis of the to-be-encoded patch, and an axis on which a shortest side of the minimum
bounding rectangle corresponding to the to-be-encoded patch is located is the bitangent axis of the to-be-encoded
patch; or if a projection rule indicates horizontal projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-encoded patch is located is the bitangent axis of the to-be-encoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-encoded patch is located
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is the tangent axis of the to-be-encoded patch.

[0020] In an example, in this embodiment of this application, the tangent axis that is of the to-be-encoded patch
and that is used in a pre-projection process is referred to as a reference tangent axis of the to-be-encoded patch, and
the tangent axis is denoted as a U0 axis; and the bitangent axis that is of the to-be-encoded patch and that is used in
the pre-projection process is referred to as a reference bitangent axis of the to-be-encoded patch, and the bitangent
axis is denoted as a VO axis. In addition, the tangent axis of the to-be-encoded patch and the bitangent axis of the to-
be-encoded patch that are determined based on the normal axis of the to-be-encoded patch and the description
information of the minimum bounding rectangle corresponding to the to-be-encoded patch are respectively denoted
as a Ul axis and a V1 axis. Based on this, there may be the following cases.

[0021] In a possible design, the U1 axis is the same as the UOQ axis, and the V1 axis is the same as the V0 axis.

[0022] In another possible design, the U1 axis is the same as the VO axis, and the V1 axis is the same as the U0
axis.
[0023] It should be noted that, for ease of description, the example in which "a horizontal axis of a two-

dimensional plane is a tangent axis of a patch, and a vertical axis of the two-dimensional plane is a bitangent axis of
the patch" is used for description in all specific implementations. A general description is provided herein, and details
are not described below.

[0024] According to a second aspect, an embodiment of this application provides a point cloud decoding method.
The method includes: parsing a bitstream to obtain a syntax element, where the syntax element includes an index of a
normal axis of a to-be-decoded patch in a to-be-decoded point cloud and information used to indicate description
information of a minimum bounding rectangle corresponding to the to-be-decoded patch; determining a tangent axis
of the to-be-decoded patch and a bitangent axis of the to-be-decoded patch based on the index of the normal axis of
the to-be-decoded patch and the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-decoded patch, where the index and the information are obtained through parsing;
and reconstructing geometry (geometry) information of the to-be-decoded point cloud based on a tangent axis and a
bitangent axis of one or more patches in the to-be-decoded point cloud, where the one or more patches include the to-
be-decoded patch. In an example, the method may be performed by a point cloud decoder.

[0025] Geometry information of a point cloud refers to coordinate values of a point in the point cloud (for
example, each point in the point cloud) in a three-dimensional space.

[0026] Optionally, the description information of the minimum bounding rectangle corresponding to the to-be-
decoded patch includes a relationship between sizes of sides of the minimum bounding rectangle corresponding to the

to-be-decoded patch.
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[0027] Optionally, the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-decoded patch includes an index of the relationship between sizes of sides of the
minimum bounding rectangle corresponding to the to-be-decoded patch, or size information of the minimum bounding
rectangle corresponding to the to-be-decoded patch.

[0028] In a possible design, the determining a tangent axis of the to-be-decoded patch and a bitangent axis of
the to-be-decoded patch based on the index of the normal axis of the to-be-decoded patch and the information used to
indicate the description information of the minimum bounding rectangle corresponding to the to-be-decoded patch,
where the index and the information are obtained through parsing includes: determining, according to a projection
rule, the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the normal
axis of the to-be-decoded patch and the description information of the minimum bounding rectangle corresponding to
the to-be-decoded patch, where the projection rule refers to distribution, in a two-dimensional space, an occupancy
map obtained by projecting one or more patches in the to-be-decoded point cloud to the two-dimensional space.
[0029] In a possible design, the projection rule is preset; or the syntax element further includes information used
to indicate the projection rule, and correspondingly, the projection rule is a projection rule indicated by the syntax
element that is obtained by parsing the bitstream.

[0030] In a possible design, the determining a tangent axis of the to-be-decoded patch and a bitangent axis of
the to-be-decoded patch based on the index of the normal axis of the to-be-decoded patch and the information used to
indicate the description information of the minimum bounding rectangle corresponding to the to-be-decoded patch,
where the index and the information are obtained through parsing includes: determining, based on a mapping
relationship, a target tangent axis and a target bitangent axis that correspond to both the normal axis of the to-be-
decoded patch and the description information of the minimum bounding rectangle corresponding to the to-be-
decoded patch, where the mapping relationship is a mapping relationship between the following items: a plurality of
normal axes of a patch, a plurality of types of description information of a minimum bounding rectangle corresponding
to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the patch; and the target
tangent axis is the tangent axis of the to-be-decoded patch, and the target bitangent axis is the bitangent axis of the to-
be-decoded patch.

[0031] In a possible design, the determining a tangent axis of the to-be-decoded patch and a bitangent axis of
the to-be-decoded patch based on the index of the normal axis of the to-be-decoded patch and the information used to
indicate the description information of the minimum bounding rectangle corresponding to the to-be-decoded patch,
where the index and the information are obtained through parsing includes: looking up a table based on the normal
axis of the to-be-decoded patch and the description information of the minimum bounding rectangle corresponding to
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the to-be-decoded patch, to obtain a target tangent axis and a target bitangent axis that correspond to both the normal
axis of the to-be-decoded patch and the description information of the minimum bounding rectangle corresponding to
the to-be-decoded patch, where the target tangent axis is the tangent axis of the to-be-decoded patch, and the target
bitangent axis is the bitangent axis of the to-be-decoded patch, and the table includes a mapping relationship between
the following items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum
bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent
axes of the patch.

[0032] In a possible design, if a projection rule indicates vertical projection, an axis on which a longest side of
the minimum bounding rectangle corresponding to the to-be-decoded patch is located is the bitangent axis of the to-
be-decoded patch, and an axis on which a shortest side of the minimum bounding rectangle corresponding to the to-
be-decoded patch is located is the tangent axis of the to-be-decoded patch; or if a projection rule indicates horizontal
projection, an axis on which a longest side of the minimum bounding rectangle corresponding to the to-be-decoded
patch is located is the tangent axis of the to-be-decoded patch, and an axis on which a shortest side of the minimum
bounding rectangle corresponding to the to-be-decoded patch is located is the bitangent axis of the to-be-decoded
patch. The projection rule refers to distribution, in a two-dimensional space, of an occupancy map obtained by
projecting one or more patches in the to-be-decoded point cloud to the two-dimensional space. The normal axis of the
to-be-decoded patch is perpendicular to the two-dimensional space.

[0033] Any technical solution provided in the second aspect corresponds to the corresponding point cloud
encoding method provided in the first aspect. Therefore, for beneficial effects that can be achieved and explanations
of related content, refer to the foregoing descriptions.

[0034] According to a third aspect, an embodiment of this application provides a point cloud encoding method.
The method includes: obtaining a reference tangent axis of a to-be-encoded patch in a to-be-encoded point cloud and
a reference bitangent axis of the to-be-encoded patch; determining a tangent axis of the to-be-encoded patch and a
bitangent axis of the to-be-encoded patch based on the reference tangent axis of the to-be-encoded patch and the

reference bitangent axis of the to-be-encoded patch, where a rotation angle of the tangent axis of the to-be-encoded
patch relative to the reference tangent axis of the to-be-encoded patch is 0 , and a rotation angle of the bitangent axis

of the to-be-encoded patch relative to the reference bitangent axis of the to-be-encoded patch is 6 ; and encoding a
syntax element into a bitstream, where the syntax element is used to indicate the tangent axis of the to-be-encoded

patch and the bitangent axis of the to-be-encoded patch, and the syntax element includes an index of a normal axis of

the to-be-encoded patch and information used to indicate the rotation angle 0 of the to-be-encoded patch. In an
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example, the method may be performed by an encoder.

[0035] The rotation angle 6 may be an angle obtained by counterclockwise rotating the tangent axis of the
to-be-encoded patch relative to the reference tangent axis of the to-be-encoded patch, and is an angle obtained by

counterclockwise rotating the bitangent axis of the to-be-encoded patch relative to the reference bitangent axis of the

to-be-encoded patch. Alternatively, the rotation angle 6 may be an angle obtained by clockwise rotating the tangent
axis of the to-be-encoded patch relative to the reference tangent axis of the to-be-encoded patch, and is an angle
obtained by clockwise rotating the bitangent axis of the to-be-encoded patch relative to the reference bitangent axis
of the to-be-encoded patch.

[0036] In this way, positions of occupancy maps of patches in an occupancy map of a point cloud may be
adjusted by properly setting the rotation angle, so that the occupancy maps of the patches are closely arranged in the
occupancy map of the point cloud. This improves point cloud encoding performance, and further improves point cloud
decoding performance. In addition, in comparison with the technical solution provided in the first aspect, according
to this technical solution, the positions of the occupancy maps of the patches in the occupancy map of the point cloud
can be more flexibly set, so that the occupancy maps of the patches are arranged more densely (or more closely) in

the occupancy map of the point cloud.
[0037] In a possible design, the information used to indicate the rotation angle 0 of the to-be-encoded patch

includes: the rotation angle 6 , or an index of the rotation angle 6 , or an identifier of a patch that matches the to-
be-encoded patch.

[0038] In a possible design, the identifier of the patch that matches the to-be-encoded patch is used to indicate
an index of the patch that matches the to-be-encoded patch, or used to indicate that there are the patch that matches

the to-be-encoded patch in an encoded point cloud and an index of the patch that matches the to-be-encoded patch.

[0039] In a possible design, the method may further include: determining the rotation angle 0 froma plurality

of candidate rotation angles according to a rate-distortion cost criterion. In this case, the information used to indicate
the rotation angle 6 of the to-be-encoded patch includes: the rotation angle 0 , or an index of the rotation angle
e .

[0040] In a possible design, the method may further include: obtaining a rotation angle of the patch that matches

the to-be-encoded patch in the encoded point cloud, and using the obtained rotation angle as the rotation angle 6 of

the to-be-encoded patch. In this case, the information used to indicate the rotation angle 0 of the to-be-encoded
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patch includes an index of the patch that matches the to-be-encoded patch. In an inter prediction mode, the encoder

needs to transmit, to a decoder, the identifier of the patch that matches the to-be-encoded patch. Therefore, in this

possible design, the information used to indicate the rotation angle 6 does not need to be additionally transmitted.

Therefore, bitstream transmission overheads can be reduced. In addition, the encoder does not need to obtain the

rotation angle 0 . Therefore, calculation complexity of the encoder can be reduced.

[0041] In a possible design, the method may further include: projecting the to-be-encoded patch from a three-
dimensional space to a two-dimensional space based on the tangent axis of the to-be-encoded patch and the bitangent
axis of the to-be-encoded patch, to obtain an occupancy map of the to-be-encoded patch; and determining a minimum
bounding rectangle of the occupancy map of the to-be-encoded patch; where the syntax element further includes size
information of the minimum bounding rectangle of the occupancy map of the to-be-encoded patch.

[0042] According to a fourth aspect, an embodiment of this application provides a point cloud decoding method.
The method includes: parsing a bitstream to obtain a syntax element, where the syntax element includes an index of a

normal axis of a to-be-decoded patch in a to-be-decoded point cloud and information used to indicate a rotation angle

0 of the to-be-decoded patch; obtaining a reference tangent axis of the to-be-decoded patch and a reference bitangent
axis of the to-be-decoded patch based on the index of the normal axis of the to-be-decoded patch, where the index is
obtained through parsing; determining a tangent axis of the patch and a bitangent axis of the patch based on the

reference tangent axis of the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the

information that is used to indicate the rotation angle 0 of the to-be-decoded patch and that is obtained through
parsing; and reconstructing geometry information of the to-be-decoded point cloud based on a tangent axis and a
bitangent axis of one or more patches in the to-be-decoded point cloud, where the one or more patches include the to-

be-decoded patch. In an example, the method may be performed by a decoder.
[0043] In a possible design, the information used to indicate the rotation angle O of the to-be-decoded patch

includes: the rotation angle 6 , or an index of the rotation angle 0 , or an identifier of a patch that matches the to-
be-decoded patch.

[0044] In a possible design, the identifier of the patch that matches the to-be-decoded patch is used to indicate
an index of the patch that matches the to-be-decoded patch, or used to indicate whether there are the patch that matches

the to-be-decoded patch in a decoded point cloud and an index of the patch that matches the to-be-decoded patch.

[0045] In a possible design, the information used to indicate the rotation angle 0 of the to-be-decoded patch

includes the identifier of the patch that matches the to-be-decoded patch, and the determining a tangent axis of the
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patch and a bitangent axis of the patch based on the reference tangent axis of the to-be-decoded patch, the reference

bitangent axis of the to-be-decoded patch, and the information that is used to indicate the rotation angle 0 of the to-
be-decoded patch and that is obtained through parsing includes: determining, based on the identifier that is of the

patch matching the to-be-decoded patch and that is obtained through parsing, the patch that matches the to-be-decoded

patch, and obtaining a rotation angle 0 of the patch that matches the to-be-decoded patch; and determining the
tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the reference

tangent axis of the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the rotation angle
e .

[0046] In a possible design, the syntax element further includes size information of a minimum bounding
rectangle of an occupancy map of the to-be-decoded patch, and the reconstructing geometry information of the to-be-
decoded point cloud based on a tangent axis and a bitangent axis of one or more patches in the to-be-decoded point
cloud includes: reconstructing the geometry information of the to-be-decoded point cloud based on the tangent axis
and the bitangent axis of the one or more patches in the to-be-decoded point cloud and the size information of the
minimum bounding rectangle of the occupancy map of the to-be-decoded patch, where the size information is obtained
by parsing the bitstream.

[0047] Any technical solution provided in the fourth aspect corresponds to the corresponding point cloud
encoding method provided in the third aspect. Therefore, for beneficial effects that can be achieved and explanations
of related content, refer to the foregoing descriptions.

[0048] According to a fifth aspect, an embodiment of this application provides a point cloud encoding method.
The method includes: determining a prediction mode of a to-be-encoded point cloud from a candidate prediction mode
set, where the candidate prediction mode set includes an inter prediction mode and an intra prediction mode, and the
prediction mode of the to-be-encoded point cloud is used to determine a method for obtaining a tangent axis of a to-
be-encoded patch in the to-be-encoded point cloud and a bitangent axis of the to-be-encoded patch; and encoding a
syntax element into a bitstream, where the syntax element is used to indicate the method for obtaining the tangent axis
of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, and the syntax element includes
information used to indicate the prediction mode of the to-be-encoded point cloud. In an example, the method may be
performed by an encoder. This technical solution provides an implementation solution to determining "a method for
obtaining a tangent axis and a bitangent axis of a to-be-encoded patch". This technical solution can support a scenario
in which a plurality of methods for obtaining the tangent axis and the bitangent axis of the to-be-encoded patch coexist.
[0049] In a possible design, when the prediction mode of the to-be-encoded point cloud is the inter prediction
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mode, the method for obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch includes: obtaining a reference tangent axis of the to-be-encoded patch and a reference bitangent axis of the to-
be-encoded patch; determining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch based on the reference tangent axis of the to-be-encoded patch and the reference bitangent axis of the to-be-

encoded patch, where a rotation angle of the tangent axis of the to-be-encoded patch relative to the reference tangent
axis of the to-be-encoded patch is 0 , and a rotation angle of the bitangent axis of the to-be-encoded patch relative to
the reference bitangent axis of the to-be-encoded patch is 0 ; and obtaining a rotation angle of a patch that matches

the to-be-encoded patch in an encoded point cloud, and using the obtained rotation angle as the rotation angle 0 of
the to-be-encoded patch, where the syntax element further includes an identifier of the patch that matches the to-be-
encoded patch and an index of a normal axis of the to-be-encoded patch. For a specific implementation, refer to the
related design in the third aspect.

[0050] In a possible design, when the prediction mode of the to-be-encoded point cloud is the intra prediction
mode, the method for obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch includes: obtaining a reference tangent axis of the to-be-encoded patch and a reference bitangent axis of the to-
be-encoded patch; determining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch based on the reference tangent axis of the to-be-encoded patch and the reference bitangent axis of the to-be-

encoded patch, where a rotation angle of the tangent axis of the to-be-encoded patch relative to the reference tangent
axis of the to-be-encoded patch is 0 , and a rotation angle of the bitangent axis of the to-be-encoded patch relative to

the reference bitangent axis of the to-be-encoded patch is e; and determining a rotation angle 0 of the to-be-

encoded patch from a plurality of candidate rotation angles according to a rate-distortion cost criterion, where the

syntax element further includes the rotation angle 0 or an index of the rotation angle 0 , and an index of a normal
axis of the to-be-encoded patch. For a specific implementation, refer to the related design in the third aspect.

[0051] In a possible design, when the prediction mode of the to-be-encoded point cloud is the intra prediction
mode, the method for obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch includes: acquiring a normal axis of the to-be-encoded patch and description information of a minimum
bounding rectangle corresponding to the to-be-encoded patch; and determining the tangent axis of the to-be-encoded
patch and the bitangent axis of the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the
description information of the minimum bounding rectangle corresponding to the to-be-encoded patch, where the
syntax element further includes an index of the normal axis of the to-be-encoded patch and information that is used to
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indicate the description information of the minimum bounding rectangle corresponding to the to-be-encoded patch.
For a specific implementation, refer to the related design in the first aspect.

[0052] According to a sixth aspect, an embodiment of this application provides a point cloud decoding method.
The method includes: parsing a bitstream to obtain a syntax element, where the syntax element is used to indicate a
method for obtaining a tangent axis of a to-be-decoded patch in a to-be-decoded point cloud and a bitangent axis of
the to-be-decoded patch, the syntax element includes information used to indicate a prediction mode of the to-be-
decoded point cloud, and the prediction mode of the to-be-decoded point cloud includes an inter prediction mode or
an intra prediction mode; and obtaining the method for obtaining the tangent axis of the to-be-decoded patch and the
bitangent axis of the to-be-decoded patch according to the method, indicated by the syntax element, for obtaining the
tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch.

[0053] In a possible design, when the prediction mode of the to-be-decoded point cloud is the inter prediction
mode, and the syntax element further includes an identifier of a patch that matches the to-be-decoded patch and an
index of a normal axis of the to-be-decoded patch, the method for obtaining the tangent axis of the to-be-decoded
patch and the bitangent axis of the to-be-decoded patch includes: obtaining a reference tangent axis of the to-be-
decoded patch and a reference bitangent axis of the to-be-decoded patch based on the index that is of the hormal axis
of the to-be-decoded patch and that is obtained through parsing; determining, based on the identifier that is of the

patch matching the to-be-decoded patch and that is obtained through parsing, the patch that matches the to-be-decoded

patch, and obtaining a rotation angle 0 of the patch that matches the to-be-decoded patch; and determining the
tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the reference

tangent axis of the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the rotation angle

0 . For a specific implementation, refer to the related design in the fourth aspect.

[0054] In a possible design, when the prediction mode of the to-be-decoded point cloud is the intra prediction

mode, and the syntax element further includes a rotation angle 0 of the to-be-decoded patch or an index of the

rotation angle 0 of the to-be-decoded patch, and an index of a normal axis of the to-be-decoded patch, the method
for obtaining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch includes:
obtaining a reference tangent axis of the to-be-decoded patch and a reference bitangent axis of the to-be-decoded patch
based on the index that is of the normal axis of the to-be-decoded patch and that is obtained through parsing; and
determining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on

the reference tangent axis of the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the
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rotation angle 0 . For a specific implementation, refer to the related design in the fourth aspect.

[0055] In a possible design, when the prediction mode of the to-be-decoded point cloud is the intra prediction
mode, and the syntax element further includes an index of a normal axis of the to-be-decoded patch and information
used to indicate description information of a minimum bounding rectangle corresponding to the to-be-decoded patch,
the method for obtaining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch
includes: determining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch
based on the index of the normal axis of the to-be-decoded patch and the information used to indicate the description
information of the minimum bounding rectangle corresponding to the to-be-decoded patch, where the index of the
normal axis and the information used to indicate the description information are obtained through parsing. For a
specific implementation, refer to the related design in the second aspect.

[0056] Any technical solution provided in the sixth aspect corresponds to the corresponding point cloud
encoding method provided in the fifth aspect. Therefore, for beneficial effects that can be achieved and explanations
of related content, refer to the foregoing descriptions.

[0057] According to a seventh aspect, an embodiment of this application provides an encoder. The encoder
includes: a patch information generation module, configured to acquire a normal axis of a to-be-encoded patch in a
to-be-encoded point cloud and description information of a minimum bounding rectangle corresponding to the to-be-
encoded patch, where the normal axis of the to-be-encoded patch and the description information of the minimum
bounding rectangle corresponding to the to-be-encoded patch are used to determine a tangent axis of the to-be-encoded
patch and a bitangent axis of the to-be-encoded patch; and an auxiliary information encoding module, configured to
encode a syntax element into a bitstream, where the syntax element is used to indicate the tangent axis of the to-be-
encoded patch and the bitangent axis of the to-be-encoded patch, and the syntax element includes an index of the
normal axis of the to-be-encoded patch and information used to indicate the description information of the minimum
bounding rectangle corresponding to the to-be-encoded patch.

[0058] According to an eighth aspect, an embodiment of this application provides a decoder. The decoder
includes: an auxiliary information decoding module, configured to: parse a bitstream to obtain a syntax element, where
the syntax element includes an index of a normal axis of a to-be-decoded patch in a to-be-decoded point cloud and
information used to indicate description information of a minimum bounding rectangle corresponding to the to-be-
decoded patch; and determine a tangent axis of the to-be-decoded patch and a bitangent axis of the to-be-decoded
patch based on the index of the normal axis of the to-be-decoded patch and the information used to indicate the
description information of the minimum bounding rectangle corresponding to the to-be-decoded patch, where the

index and the information are obtained through parsing; and a point cloud geometry information reconstruction
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module, configured to reconstruct geometry information of the to-be-decoded point cloud based on a tangent axis and
a bitangent axis of one or more patches in the to-be-decoded point cloud, where the one or more patches include the
to-be-decoded patch.

[0059] According to a ninth aspect, an embodiment of this application provides an encoder. The encoder
includes: a patch information generation module, configured to: obtain a reference tangent axis of a to-be-encoded
patch in a to-be-encoded point cloud and a reference bitangent axis of the to-be-encoded patch; and determine a tangent
axis of the to-be-encoded patch and a bitangent axis of the to-be-encoded patch based on the reference tangent axis of

the to-be-encoded patch and the reference bitangent axis of the to-be-encoded patch, where a rotation angle of the

tangent axis of the to-be-encoded patch relative to the reference tangent axis of the to-be-encoded patch is 0 ,and a

rotation angle of the bitangent axis of the to-be-encoded patch relative to the reference bitangent axis of the to-be-

encoded patch is 0 ; and an auxiliary information encoding module, configured to encode a syntax element into a
bitstream, where the syntax element is used to indicate the tangent axis of the to-be-encoded patch and the bitangent

axis of the to-be-encoded patch, and the syntax element includes an index of a normal axis of the to-be-encoded patch

and information used to indicate the rotation angle 0 of the to-be-encoded patch.
[0060] According to a tenth aspect, an embodiment of this application provides a decoder. The decoder includes:
an auxiliary information decoding module, configured to: parse a bitstream to obtain a syntax element, where the

syntax element includes an index of a normal axis of a to-be-decoded patch in a to-be-decoded point cloud and

information used to indicate a rotation angle 0 of the to-be-decoded patch; obtain a reference tangent axis of the to-
be-decoded patch and a reference bitangent axis of the to-be-decoded patch based on the index of the normal axis of
the to-be-decoded patch, where the index is obtained through parsing; and determine a tangent axis of the patch and a

bitangent axis of the patch based on the reference tangent axis of the to-be-decoded patch, the reference bitangent axis

of the to-be-decoded patch, and the information that is used to indicate the rotation angle 0 of the to-be-decoded
patch and that is obtained through parsing; and a point cloud geometry information reconstruction module, configured
to reconstruct geometry information of the to-be-decoded point cloud based on a tangent axis and a bitangent axis of
one or more patches in the to-be-decoded point cloud, where the one or more patches include the to-be-decoded patch.
[0061] According to an eleventh aspect, an embodiment of this application provides an encoder. The encoder
includes: a prediction mode determining module, configured to determine a prediction mode of a to-be-encoded point
cloud from a candidate prediction mode set, where the candidate prediction mode set includes an inter prediction mode

and an intra prediction mode, and the prediction mode of the to-be-encoded point cloud is used to determine a method
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for obtaining a tangent axis of a to-be-encoded patch in the to-be-encoded point cloud and a bitangent axis of the to-
be-encoded patch; and an auxiliary information encoding module, configured to encode a syntax element into a
bitstream, where the syntax element is used to indicate the method for obtaining the tangent axis of the to-be-encoded
patch and the bitangent axis of the to-be-encoded patch, and the syntax element includes information used to indicate
the prediction mode of the to-be-encoded point cloud.
[0062] According to a twelfth aspect, an embodiment of this application provides decoder. The decoder includes:
an auxiliary information decoding module, configured to: parse a bitstream to obtain a syntax element, where the
syntax element is used to indicate a method for obtaining a tangent axis of a to-be-decoded patch in a to-be-decoded
point cloud and a bitangent axis of the to-be-decoded patch, the syntax element includes information used to indicate
a prediction mode of the to-be-decoded point cloud, and the prediction mode of the to-be-decoded point cloud includes
an inter prediction mode or an intra prediction mode; and obtain the method for obtaining the tangent axis of the to-
be-decoded patch and the bitangent axis of the to-be-decoded patch according to the method, indicated by the syntax
element, for obtaining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch.
[0063] According to a thirteenth aspect, an embodiment of this application provides a point cloud data encoding
device, and the device may include:

a memory, configured to store point cloud data, where the point cloud data includes a to-be-encoded patch;
and

an encoder, configured to encode an identifier into a bitstream, where the identifier is used to indicate
whether to determine a tangent axis and a bitangent axis of the to-be-encoded patch based on description information
of a minimum bounding rectangle corresponding to the to-be-encoded patch. In other words, the identifier is used to
indicate whether to encode the to-be-encoded patch by using the point cloud encoding method provided in the first
aspect. When the identifier is used to indicate to determine the tangent axis and the bitangent axis of the to-be-encoded
patch based on the description information of the minimum bounding rectangle corresponding to the to-be-encoded
patch in a to-be-encoded point cloud, the encoder performs encoding according to any point cloud encoding method
provided in the first aspect.

[0064] Alternatively, the identifier is used to indicate whether to determine the tangent axis and the bitangent

axis of the to-be-encoded patch based on a rotation angle 0 of the tangent axis of the to-be-encoded patch relative

to a reference tangent axis of the to-be-encoded patch. If the identifier is used to indicate to determine the tangent axis

and the bitangent axis of the to-be-encoded patch based on the rotation angle 0 of the tangent axis of the to-be-

encoded patch relative to the reference tangent axis of the to-be-encoded patch, the encoder may perform encoding
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according to any point cloud encoding method provided in the third aspect.
[0065] According to a fourteenth aspect, an embodiment of this application provides a point cloud data decoding
device, and the device may include:

a memory, configured to store point cloud data in form of a bitstream, where the point cloud data includes
a to-be-decoded patch; and

a decoder, configured to parse the bitstream to obtain an identifier, where the identifier is used to indicate
whether to determine a tangent axis and a bitangent axis of the to-be-decoded patch based on description information
of a minimum bounding rectangle corresponding to the to-be-decoded patch. In other words, the identifier is used to
indicate whether to decode the to-be-decoded patch by using the point cloud decoding method provided in the second
aspect. When the identifier is used to indicate to determine the tangent axis and the bitangent axis of the to-be-decoded
patch based on the description information of the minimum bounding rectangle corresponding to the to-be-decoded
patch in a to-be-decoded point cloud, the decoder performs decoding according to any point cloud decoding method
provided in the second aspect.

[0066] Alternatively, the identifier is used to indicate whether to determine the tangent axis and the bitangent

axis of the to-be-decoded patch based on a rotation angle 0 of the tangent axis of the to-be-decoded patch relative

to a reference tangent axis of the to-be-decoded patch. If the identifier is used to indicate to determine the tangent axis

and the bitangent axis of the to-be-decoded patch are determined based on the rotation angle 0 of the tangent axis
of the to-be-decoded patch relative to the reference tangent axis of the to-be-decoded patch, the decoder may perform
decoding according to any point cloud decoding method provided in the fourth aspect.

[0067] According to a fifteenth aspect, an embodiment of this application provides an encoding device. The
encoding device includes a nonvolatile memory and a processor that are coupled to each other, where the processor
invokes program code stored in the memory to perform a portion of or all steps in any method according to the first
aspect, the third aspect, or the fifth aspect.

[0068] According to a sixteenth aspect, an embodiment of this application provides a decoding device. The
decoding device includes a nonvolatile memory and a processor that are coupled to each other, where the processor
invokes program code stored in the memory to perform a portion of or all steps in any method according to the second
aspect, the fourth aspect, or the sixth aspect.

[0069] According to a seventeenth aspect, an embodiment of this application provides a method for determining
a tangent axis and a bitangent axis of a patch.

[0070] In a possible design, the method may include: acquiring a normal axis of a patch in a point cloud and
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description information of a minimum bounding rectangle corresponding to the patch, and determining a tangent axis
of the patch and a bitangent axis of the patch based on the normal axis of the patch and the description information of
the minimum bounding rectangle corresponding to the patch.

[0071] In a possible design, the method may include: obtaining a reference tangent axis of a patch and a
reference bitangent axis of the patch in a point cloud; and determining a tangent axis of the patch and a bitangent axis

of the patch based on the reference tangent axis of the patch and the reference bitangent axis of the patch, where a
rotation angle of the tangent axis of the patch relative to the reference tangent axis of the patch is 0 , and a rotation

angle of the bitangent axis of the patch relative to the reference bitangent axis of the patch is 0 .

[0072] For explanations of related content, beneficial effects, and the like of any method provided in the
seventeenth aspect, refer to the foregoing corresponding descriptions. Details are not described herein again.

[0073] According to an eighteenth aspect, an embodiment of this application provides an apparatus for
determining a tangent axis and a bitangent axis of a patch. The apparatus can be configured to perform any method
provided in the seventeenth aspect. In an example, the apparatus may be a chip. In a possible design, functional
modules of the apparatus may be obtained through division according to the method provided in the seventeenth aspect.
For example, the functional modules may be obtained through division corresponding to functions, or two or more
functions may be integrated into one processing module. In a possible design, the apparatus may include a memory
and a processor. The memory is configured to store program code, and when the program code is executed by the
processor, any method provided in the seventeenth aspect is performed.

[0074] According to a nineteenth aspect, an embodiment of this application provides a processing apparatus,
configured to implement functions of the foregoing apparatus for determining a tangent axis and a bitangent axis of a
patch, or the encoder, or the decoder. The processing apparatus includes a processor and an interface. The processing
apparatus may be a chip. The processor may be implemented by using hardware or software. When the processor is
implemented by using hardware, the processor may be a logic circuit, an integrated circuit, or the like. When the
processor is implemented by using software, the processor may be a general-purpose processor, and is implemented
by reading software code stored in a memory. The memory may be integrated into the processor, or may be located
outside the processor and exist independently.

[0075] According to a twentieth aspect, an embodiment of this application provides a point cloud encoding
method. The method includes: projecting a to-be-encoded patch patch from a three-dimensional space to a two-
dimensional space, to obtain a first occupancy map of the to-be-encoded patch; obtaining a second occupancy map of

the to-be-encoded patch, where the second occupancy map of the to-be-encoded patch is obtained by counterclockwise
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or clockwise rotating the first occupancy map of the to-be-encoded patch by a rotation angle ‘9; and encoding a

syntax element into a bitstream, where the syntax element includes information used to indicate the rotation angle 0 .
[0076] It can be understood that, for ease of description, "an occupancy map obtained through projection” is
named as the first occupancy map, and corresponds to "a reference occupancy map" in the embodiments. Likewise,
the second occupancy map corresponds to "an occupancy map" in the embodiments. The descriptions are applicable
to any solution (for example, any solution provided in the twentieth aspect to a twenty-third aspect) provided in the
embodiments of this application.

[0077] In a possible design, coordinates (x2, y2) of a point in the second occupancy map of the to-be-encoded
patch are obtained based on coordinates (x1, y1) of a point in the first occupancy map of the to-be-encoded patch and

a rotation matrix, where the rotation matrix corresponds to the rotation angle.
[0078] In a possible design, the rotation matrix is determined based on the rotation angle ‘9, or is determined

based on a functional relationship of the rotation angle 0

{cos 0 —sin 0}
[0079] In a possible design, the rotation matrix is represented as sin@  —cosd .

o
[0080] In a possible design, when the rotation angle 0 s 0°, the rotation matrix is represented as 0 -1 ,

0 -

1 0

when the rotation angle 0 is 90°, the rotation matrix is represented as [ ] when the rotation angle 0 is

-1 0
0

180°, the rotation matrix is represented as [ J ; and/or when the rotation angle 0 is 270°, the rotation matrix

is represented as -10

[0081] In a possible design, coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-encoded

patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the to-be-encoded patch satisfy the
following formula, where the coordinates (x2, y2) of the point P2 are obtained through rotation:
X2 = x1lcos @ —ylsing

y2 = x1lsin¢ -ylcos 6

[0082] In a possible design, coordinates (x2, y2) of P2 in the second occupancy map of the to-be-encoded patch

X2

xlcos @ —ylsing

= x1sin@ —ylcos @

are obtained according to the following formula: y2 , Where (x1, y1) represents
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coordinates of a point P1 in the first occupancy map of the to-be-encoded patch, and 0 represents the rotation angle.

[0083] In a possible implementation, the second occupancy map is obtained by counterclockwise or clockwise

rotating the first occupancy map of the to-be-encoded patch by the rotation angle 0 around a coordinate origin of a
coordinate system constituted by a first tangent axis and a first bitangent axis.

[0084] It can be understood that, the first tangent axis corresponds to a reference tangent axis in the
embodiments, and the first bitangent axis corresponds to a reference bitangent axis in the embodiments. The
descriptions are applicable to any solution (for example, any solution provided in the twentieth aspect to the twenty-

third aspect) provided in the embodiments of this application.
[0085] In a possible design, the information used to indicate the rotation angle 0 is an index used to indicate

the rotation angle 0

[0086] In a possible design, a rotation angle by which a second tangent axis of the to-be-encoded patch rotates

relative to a first tangent axis of the to-be-encoded patch is 0 , and a rotation angle by which a second bitangent axis

of the to-be-encoded patch rotates relative to a first bitangent axis of the to-be-encoded patch is 0 .

[0087] It can be understood that, the second tangent axis corresponds to a tangent axis in the embodiments, and

the second bitangent axis corresponds to a bitangent axis in the embodiments.

[0088] According to a twenty-first aspect, an embodiment of this application provides a point cloud decoding

method. The method includes: parsing a bitstream to obtain a syntax element, where the syntax element includes

information used to indicate a rotation angle 0 of the to-be-decoded patch; obtaining a second occupancy map of
the to-be-decoded patch; obtaining a first occupancy map of the to-be-decoded patch, where the first occupancy map

of the to-be-decoded patch is obtained by counterclockwise or clockwise counter-rotating the second occupancy map

of the to-be-decoded patch by the rotation angle 0 ; and reconstructing geometry information of the to-be-decoded
point cloud based on a first occupancy map of one or more patches in the to-be-decoded point cloud, where the one

or more patches include the to-be-decoded patch.

[0089] In a possible design, coordinates (x1, y1) of a point in the first occupancy map of the to-be-decoded
patch are obtained based on coordinates (x2, y2) of a point in the second occupancy map of the to-be-decoded patch

and a rotation matrix, where the rotation matrix corresponds to the rotation angle.
[0090] In a possible design, the rotation matrix is determined based on the rotation angle 9, or is determined

based on a functional relationship of the rotation angle 0
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cosd -sin@

sin@  —cos 0} , or the rotation matrix is

[0091] In a possible design, the rotation matrix is represented as {
cos® —sin 0}

represented as an inverse matrix of Lm 0 —cosd .

F 0 }
[0092] In a possible design, when the rotation angle 0 s 0°, the rotation matrix is represented as 0 -1 ;

{0 k }
when the rotation angle 0 is 90°, the rotation matrix is represented as 10 ; when the rotation angle 0 is

{_1 0}
180°, the rotation matrix is represented as 01 ; and/or when the rotation angle 0 is 270°, the rotation matrix

is represented as -10

[0093] In a possible design, when the rotation angle 0 is 0°, the rotation matrix is represented as an inverse
F 0 }
matrix of 0 -1 ; when the rotation angle 0 is 90°, the rotation matrix is represented as an inverse matrix of

0 -1 -10
1 0] : 0 i 1500 SR . L0 1]
; when the rotation angle is 180°, the rotation matrix is represented as an inverse matrix of ;

S
and/or when the rotation angle 0 is 270°, the rotation matrix is represented as an inverse matrix of -10 .

[0094] In a possible design, coordinates (x2, y2) of a point P2 in the second occupancy map of the to-be-decoded
patch and coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-decoded patch satisfy the following

formula, where the coordinates (x1, yl) of the point Pl are obtained through counter-rotation:

X2 = x1cos @ —ylsind X1 = x2cosf +y2sinéd
y2 = x1sin@ -ylcosd , yl=-x2sin@ -y2cos6

[0095] In a possible design, coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-decoded
X2 = x1lcos @ —ylsin@

y2 = x1sin@ —ylcos @

patch are obtained according to the following formula: or

X1 =x2cosd +y2sinéd

yl= -x2sinf —y2cos @ , Where (x2, y2) represents coordinates of a point P2 in the second occupancy

map of the to-be-decoded patch, and 0 represents the rotation angle.
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[0096] In a possible implementation, the first occupancy map of the to-be-decoded patch is obtained by

counterclockwise or clockwise counter-rotating the second occupancy map of the to-be-decoded patch by the rotation

angle 0 around a coordinate origin of a coordinate system constituted by a first tangent axis and a first bitangent

axis.
[0097] In a possible design, the information used to indicate the rotation angle 0 is an index used to indicate

the rotation angle 6 .

[0098] In a possible design, a rotation angle by which a second tangent axis of the to-be-decoded patch rotates

relative to a first tangent axis of the to-be-decoded patch is 0 , and a rotation angle by which a second bitangent axis

of the to-be-decoded patch rotates relative to a first bitangent axis of the to-be-decoded patch is 0 .

[0099] In a possible design, the obtaining a second occupancy map of the to-be-decoded patch includes: parsing
the bitstream to obtain the second occupancy map of the to-be-decoded patch; or parsing the bitstream to obtain
information (for example, size information of a minimum bounding rectangle of the second occupancy map of the to-
be-decoded patch) that is used to indicate the second occupancy map of the to-be-decoded patch, and obtaining the
second occupancy map of the to-be-decoded patch based on the information that is used to indicate the second
occupancy map of the to-be-decoded patch.

[00100]  According to a twenty-second aspect, an embodiment of this application provides a point cloud encoding
method. The method includes: projecting a to-be-encoded patch patch from a three-dimensional space to a two-
dimensional space, to obtain a first occupancy map of the to-be-encoded patch; obtaining a second occupancy map of
the to-be-encoded patch, where coordinates (x2, y2) of a point in the second occupancy map of the to-be-encoded

patch are obtained based on coordinates (x1, y1) of a point in the first occupancy map of the to-be-encoded patch and
a rotation matrix, where the rotation matrix corresponds to a rotation angle 0 ; and encoding a syntax element into a
bitstream, where the syntax element includes information used to indicate the rotation angle 0 .

[00101]  Inapossible design, the rotation matrix is determined based on the rotation angle 9, or is determined

based on a functional relationship of the rotation angle 9.

[00102] For a possible implementation of the rotation matrix, refer to the corresponding possible design in the
twentieth aspect.

[00103]  According to the twenty-third aspect, an embodiment of this application provides a point cloud decoding
method. The method includes: reconstructing geometry information of a to-be-decoded point cloud based on a first
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occupancy map of one or more to-be-decoded patches patches in the to-be-decoded point cloud, where the one or
more patches include the to-be-decoded patch, coordinates (x1, y1) of a first point of the to-be-decoded patch are

obtained based on coordinates (x2, y2) of a second point of the to-be-decoded patch and a rotation matrix, and the

rotation matrix corresponds to a rotation angle 0 of the to-be-decoded patch.

[00104] In a possible design, that coordinates (x1, y1) of a first point of the to-be-decoded patch are obtained
based on coordinates (x2, y2) of a second point of the to-be-decoded patch and a rotation matrix means that coordinates
(x1, y1) of a point in a first occupancy map of the to-be-decoded patch are obtained based on coordinates (x2, y2) of
a point in a second occupancy map of the to-be-decoded patch and a rotation matrix.

[00105] Inapossible design, the coordinates (x1, y1) of the first point of the to-be-decoded patch are coordinates
(x1, y1) of a point in a first occupancy map of the to-be-decoded patch, and the coordinates (x2, y2) of the second
point of the to-be-decoded patch are coordinates (x2, y2) of a point in a second occupancy map of the to-be-decoded
patch.

[00106] Ina possible design, a first occupancy map of the to-be-decoded patch is obtained by counterclockwise

or clockwise counter-rotating a second occupancy map of the to-be-decoded patch by the rotation angle 6, ora

second occupancy map of the to-be-decoded patch is obtained by counterclockwise or clockwise rotating a first
occupancy map of the to-be-decoded patch by the rotation angle 0 .
[00107]  Ina possible design, the rotation matrix is determined based on the rotation angle 9, or is determined

based on a functional relationship of the rotation angle 9.

[00108]  For a possible implementation of the rotation matrix, refer to the corresponding possible design in the
twentieth aspect.

[00109] Ina possible design, coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-decoded
patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the to-be-decoded patch satisfy the
following formula, where the coordinates (x2, y2) of the point P2 are obtained through rotation:
X2 = x1cos @ —ylsin@

y2 =x1sin@ —ylcos &

[00110]  According to a twenty-fourth aspect, an embodiment of this application provides an encoding apparatus.
The apparatus includes a memory and a processor. The memory is configured to store program code. The processor is
configured to invoke the program code to perform any point cloud encoding method in the first aspect, the third aspect,

the fifth aspect, the twentieth aspect, or the twenty-second aspect.
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[00111]  According to a twenty-fifth aspect, an embodiment of this application provides a decoding apparatus.
The apparatus includes a memory and a processor. The memory is configured to store program code. The processor is
configured to invoke the program code to perform any point cloud decoding method in the second aspect, the fourth
aspect, the sixth aspect, the twenty-first aspect, or the twenty-third aspect.

[00112]  According to a twenty-sixth aspect, an embodiment of this application provides a computer-readable
storage medium. The computer-readable storage medium stores program code. The program code includes an
instruction used to perform a portion of or all steps of any method in the first aspect to the sixth aspect, the twentieth
aspect, or the twenty-third aspect, or an instruction used to perform a portion of or all steps of the method in the
seventeenth aspect.

[00113]  According to a twenty-seventh aspect, an embodiment of this application provides a computer program
product. When the computer program product runs on a computer, the computer is enabled to perform a portion of or
all steps of any method in the first aspect to the sixth aspect, the twentieth aspect, or the twenty-third aspect, or the
computer is enabled to perform a portion of or all steps of the method in the seventeenth aspect.

[00114]  Itshould be understood that, for beneficial effects of any one of the encoder, the decoder, the point cloud
data encoding device, the point cloud decoding device, the apparatus for determining a tangent axis and a bitangent
axis of a patch, the processing apparatus, the encoding apparatus, the decoding apparatus, and the computer-readable
storage medium, refer to the beneficial effects of the method embodiments provided in the foregoing corresponding

aspects. Details are not described again.

BRIEF DESCRIPTION OF DRAWINGS

[00115] FIG. 1is ablock diagram of an example point cloud coding system applicable to an embodiment of this
application;

[00116] FIG. 2 is a schematic block diagram of an example encoder applicable to an embodiment of this
application;

[00117] FIG. 3 is a schematic structural diagram of an example bitstream applicable to an embodiment of this
application;

[00118] FIG. 4 is a schematic block diagram of an example decoder applicable to an embodiment of this
application;

[00119] FIG. 5is a schematic diagram of a patch generation process applicable to a TMC2;

[00120] FIG. 6(a) to FIG. 6(c) are a schematic diagram of an example patch applicable to an embodiment of this
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application;

[00121] FIG. 7(a) and FIG. 7(b) are a schematic diagram of projection of a patch from a three-dimensional space
to a two-dimensional plane in a current technology;

[00122] FIG. 8(a) and FIG. 8(b) are a schematic diagram of an occupancy map of a point cloud according to a
current technology;

[00123] FIG. 9 is a schematic flowchart 1 of a point cloud encoding method according to an embodiment of this
application;

[00124] FIG. 10(a) to FIG. 10(c2) are a schematic diagram 1 of a patch, a pre-occupancy map of the patch, and
an occupancy map of the patch according to an embodiment of this application;

[00125] FIG. 11 is a schematic diagram of a minimum bounding rectangle corresponding to an example patch
applicable to an embodiment of this application;

[00126] FIG. 12 is a schematic flowchart 1 of a point cloud decoding method according to an embodiment of this
application;

[00127] FIG. 13 is aschematic flowchart 2 of a point cloud encoding method according to an embodiment of this
application;

[00128] FIG. 14(a) to FIG. 14(c) are a schematic diagram 2 of a patch, a pre-occupancy map of the patch, and an
occupancy map of the patch according to an embodiment of this application;

[00129] FIG. 15is a schematic flowchart 2 of a point cloud decoding method according to an embodiment of this
application;

[00130] FIG. 16 is a schematic flowchart 3 of a point cloud encoding method according to an embodiment of this
application;

[00131] FIG. 17 is aschematic flowchart 3 of a point cloud decoding method according to an embodiment of this
application;

[00132] FIG. 18 is a schematic block diagram 1 of an encoder according to an embodiment of this application;
[00133] FIG. 19 is a schematic block diagram 1 of a decoder according to an embodiment of this application;
and

[00134] FIG. 20 is a schematic block diagram 2 of an encoder according to an embodiment of this application;
[00135] FIG. 21 is a schematic block diagram 2 of a decoder according to an embodiment of this application;
and

[00136] FIG. 22 is a schematic block diagram of an encoding device or a decoding device applicable to an
embodiment of this application.

24



10

15

20

25

DESCRIPTION OF EMBODIMENTS

[00137]  Inthe descriptions of this application, "/" means "or" unless otherwise specified. For example, A/B may
represent A or B. In this specification, "and/or" describes only an association relationship for describing associated
objects and represents that three relationships may exist. For example, A and/or B may represent the following three
cases: Only A exists, both A and B exist, and only B exists. "A plurality of" means “two or more". In addition, to
clearly describe the technical solutions in the embodiments of this application, terms such as "first" and "second" are
used in the embodiments of this application to distinguish between same items or similar items that have basically
same functions and purposes. A person skilled in the art may understand that the terms such as "first" and "second"
do not limit a quantity or an execution order, and the terms such as "first" and “second” do not indicate a definite
difference.

[00138]  Inthe descriptions of this application, that a reference coordinate system of a three-dimensional space is
used as a world coordinate system (or referred to as a physical coordinate system), three axes of the world coordinate
system are an X axis, a Y axis, and a Z axis, and a correspondence between the three axes and indexes of the three
axes is shown in Table 1 is used as an example for description. The X axis is a horizontal axis, the Y axis is a vertical
axis, and the Z axis is an axis perpendicular to a plane on which the X axis and the Y axis are located. A general

description is provided herein, and details are not described below.

Table 1

X axis Y axis Z axis

[00139] FIG. 1 is a block diagram of an example point cloud coding system 1 applicable to an embodiment of
this application. A term "point cloud coding" or "coding" may generally refer to point cloud encoding or point cloud
decoding. An encoder 100 in the point cloud coding system 1 may encode a to-be-encoded point cloud according to
any point cloud encoding method provided in this application. A decoder 200 in the point cloud coding system 1 may
decode a to-be-decoded point cloud according to a point cloud decoding method, provided in this application,
corresponding to a point cloud encoding method used by the encoder.

[00140] Asshown in FIG. 1, the point cloud coding system 1 includes a source apparatus 10 and a destination
apparatus 20. The source apparatus 10 generates encoded point cloud data. Therefore, the source apparatus 10 may be

referred to as a point cloud encoding apparatus. The destination apparatus 20 may decode the encoded point cloud
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data generated by the source apparatus 10. Therefore, the destination apparatus 20 may be referred to as a point cloud
decoding apparatus. Various implementation solutions of the source apparatus 10, the destination apparatus 20, or
both the source apparatus 10 and the destination apparatus 20 may include one or more processors and a memory
coupled to the one or more processors. The memory may include but is not limited to a random access memory
(random access memory, RAM), a read-only memory (read-only memory, ROM), an electrically erasable
programmable read-only memory (electrically erasable programmable read-only memory, EEPROM), a flash memory;,
or any other medium that can be used to store desired program code in a form of an instruction or a data structure that
can be accessed by a computer, as described in this specification.

[00141] The source apparatus 10 and the destination apparatus 20 may include various apparatuses, including a
desktop computer, a mobile computing apparatus, a notebook (for example, laptop) computer, a tablet computer, a set
top box, a handheld telephone set such as a "smart" phone, a television set, a camera, a display apparatus, a digital
media player, a video game console, an in-vehicle computer, and a similar apparatus.

[00142] The destination apparatus 20 may receive the encoded point cloud data from the source apparatus 10
over a link 30. The link 30 may include one or more media or apparatuses that can move the encoded point cloud data
from the source apparatus 10 to the destination apparatus 20. In an example, the link 30 may include one or more
communications media that enable the source apparatus 10 to directly send the encoded point cloud data to the
destination apparatus 20 in real time. In this example, the source apparatus 10 may modulate the encoded point cloud
data according to a communication standard (for example, a wireless communication protocol), and may send
modulated point cloud data to the destination apparatus 20. The one or more communications media may include a
wireless and/or wired communications medium, for example, a radio frequency (radio frequency, RF) spectrum or one
or more physical transmission lines. The one or more communications media may constitute a part of a packet-based
network, and the packet-based network is, for example, a local area network, a wide area network, or a global network
(for example, the internet). The one or more communications media may include a router, a switch, a base station, or
another device facilitating communication from the source apparatus 10 to the destination apparatus 20.

[00143] Inanother example, the encoded data may be output to a storage apparatus 40 through an output interface
140. Similarly, the encoded point cloud data may be accessed from the storage apparatus 40 through an input interface
240. The storage apparatus 40 may include any one of a plurality of distributed data storage media or locally accessible
data storage media, for example, a hard drive, a Blu-ray, a digital versatile disc (digital versatile disc, DVD), a compact
disc read-only memory (compact disc read-only memory, CD-ROM), a flash memory, a volatile or nonvolatile
memory, or any other appropriate digital storage medium configured to store the encoded point cloud data.

[00144] In another example, the storage apparatus 40 may correspond to a file server or another intermediate
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storage apparatus that can store the encoded point cloud data generated by the source apparatus 10. The destination
apparatus 20 may access the stored point cloud data through streaming transmission or downloading from the storage
apparatus 40. The file server may be any type of server that can store the encoded point cloud data and send the
encoded point cloud data to the destination apparatus 20. Examples of the file server include a network server (for
example, used for a website), a file transfer protocol (file transfer protocol, FTP) server, a network attached storage
(network attached storage, NAS) apparatus, or a local disk drive. The destination apparatus 20 may access the encoded
point cloud data through any standard data connection (including an internet connection). The standard data
connection may include a wireless channel (for example, a Wi-Fi connection), a wired connection (for example, a
digital subscriber line (digital subscriber line, DSL) or a cable modem), or a combination thereof that is suitable for
access to the encoded point cloud data stored on the file server. Transmission of the encoded point cloud data from
the storage apparatus 40 may be streaming transmission, downloading transmission, or a combination thereof.
[00145]  The point cloud coding system 1 described in FIG. 1 is merely an example, and technologies in this
application are applicable to a point cloud coding (for example, point cloud encoding or point cloud decoding)
apparatus that does not necessarily include any data communication between a point cloud encoding apparatus and a
point cloud decoding apparatus. In another example, data is retrieved from a local memory, is transmitted on a network
in a streaming manner, and the like. The point cloud encoding apparatus may encode the data and store the data to the
memory, and/or the point cloud decoding apparatus may retrieve the data from the memory and decode the data. In
many examples, apparatuses that only encode data and store the data to the memory and/or retrieve the data from the
memory and decode the data but that do not communicate with each other perform encoding and decoding.

[00146] In the example in FIG. 1, the source apparatus 10 includes a data source 120, the encoder 100, and the
output interface 140. In some examples, the output interface 140 may include a modulator/demodulator (modem)
and/or a transmitter (or referred to as a transmitter). The data source 120 may include a point cloud capture apparatus
(for example, a camera), a point cloud archive including previously captured point cloud data, a point cloud feed-in
interface configured to receive point cloud data from a point cloud content provider, and/or a computer graphics
system configured to generate point cloud data, or a combination of these sources of point cloud data.

[00147]  The encoder 100 may encode the point cloud data from the data source 120. In some examples, the
source apparatus 10 directly sends the encoded point cloud data to the destination apparatus 20 through the output
interface 140. In another example, the encoded point cloud data may be alternatively stored on the storage apparatus
40, so that the destination apparatus 20 subsequently accesses the encoded point cloud data for decoding and/or playing.
[00148]  Inthe example in FIG. 1, the destination apparatus 20 includes the input interface 240, the decoder 200,
and a display apparatus 220. In some examples, the input interface 240 includes a receiver and/or a modem. The input
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interface 240 may receive the encoded point cloud data over the link 30 and/or from the storage apparatus 40. The
display apparatus 220 may be integrated with the destination apparatus 20 or may be located outside the destination
apparatus 20. Generally, the display apparatus 220 displays decoded point cloud data. There may be a plurality of
types of display apparatuses 220. For example, the display apparatus 220 may be, for example, a liquid crystal display
(liquid crystal display, LCD), a plasma display, an organic light-emitting diode (organic light-emitting diode, OLED)
display, or another type of display apparatus.

[00149]  Although not shown in FIG. 1, in some aspects, the encoder 100 and the decoder 200 may be respectively
integrated with an audio encoder and an audio decoder, and may include an appropriate multiplexer-demultiplexer
(multiplexer-demultiplexer, MUX-DEMUX) unit or other hardware and software, to process encoding of both audio
and a video in a same data stream or separate data streams. In some examples, if appropriate, the MUX-DEMUX unit
may comply with the ITU H.223 multiplexer protocol or another protocol such as a user datagram protocol (user
datagram protocol, UDP).

[00150]  The encoder 100 and the decoder 200 each may be implemented, for example, as any one of a plurality
of circuits: one or more microprocessors, a digital signal processor (digital signal processing, DSP), an application-
specific integrated circuit (application specific integrated circuit, ASIC), a field-programmable gate array (field-
programmable gate array, FPGA), discrete logic, hardware, or any combination thereof. If this application is
implemented partially through software, the apparatus may store, in an appropriate non-volatile computer-readable
storage medium, an instruction used for the software, and may use one or more processors to execute the instruction
in hardware, to implement the technologies in this application. Any one of the foregoing content (including hardware,
software, a combination of hardware and software, and the like) may be considered as one or more processors. The
encoder 100 and the decoder 200 each may be included in one or more encoders or decoders, and the encoder or the
decoder may be integrated as a part of a combined encoder/decoder (codec) in a corresponding apparatus.

[00151] In this application, the encoder 100 may be generally an apparatus that "signals" or "sends" some
information to another apparatus such as the decoder 200. The term "signal” or "send" may generally refer to
transmission of a syntax element and/or other data used for decoding compressed point cloud data. The transmission
may occur in real time or almost in real time. Alternatively, the communication may occur after a period of time. For
example, the communication may occur when a syntax element in an encoded bitstream is stored into a computer-
readable storage medium during encoding, and the decoding apparatus may then retrieve the syntax element at any
time after the syntax element is stored in the medium.

[00152] FIG. 2 is a schematic block diagram of an example encoder 100 applicable to an embodiment of this
application. An MPEG (Moving Picture Expert Group) point cloud compression (Point Cloud Compression, PCC)
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encoding framework is used as an example for description in FIG. 2. In the example in FIG. 2, the encoder 100 may
include a patch information generation module 101, a packing module 102, a depth map generation module 103, a
texture map generation module 104, an image filling module 105, an image-based or video-based encoding module
106, an occupancy map encoding module 107, an auxiliary information encoding module 108, a multiplexer module
109, and the like.

[00153]  The patch information generation module 101 is configured to segment a frame of point cloud into a
plurality of patches by using a method, and obtain related information and the like of the generated patches. The patch
is a set of some points in one frame of point cloud, and generally one connected component region corresponds to one
patch. The related information of the patch may include but is not limited to at least one of the following information:
a quantity of patches obtained by segmenting a point cloud, position information of each patch in a three-dimensional
space, an index of a tangent axis of each patch, an index of a bitangent axis of each patch, an index of a normal axis
of each patch, a depth map generated when each patch is projected from the three-dimensional space to a two-
dimensional space, a size of the depth map of each patch (for example, the length and the height of the depth map),
an occupancy map generated when each patch is projected from the three-dimensional space to the two-dimensional
space, and the like. Some of the related information, such as the quantity of patches obtained by segmenting the point
cloud, the index of the normal axis of each patch, the size of the depth map of each patch, the position information of
each patch in the point cloud, and size information of the occupancy map of each patch, may be used as auxiliary
information and sent to the auxiliary information encoding module 108 for encoding (that is, compression coding).
The occupancy map of each patch may be sent to the packing module 102 for packing. Specifically, patches in the
point cloud are sorted in a specific order, for example, sorted in descending (ascending) order of the lengths/heights
of the occupancy maps of the patches; and then the occupancy maps of the patches are successively inserted into an
available region of an occupancy map of the point cloud in the order of the sorted patches, to obtain the occupancy
map of the point cloud. In addition, information about a specific position of each patch in the occupancy map of the
point cloud, the depth map of each patch, and the like may be sent to the depth map generation module 103.
[00154]  After obtaining the occupancy map of the point cloud, the packing module 102 may send the occupancy
map of the point cloud to the occupancy map encoding module 107 for encoding. In addition, the occupancy map of
the point cloud may be used to guide the depth map generation module 103 to generate a depth map of the point cloud
and guide the texture map generation module 104 to generate a texture map of the point cloud.

[00155]  The depth map generation module 103 is configured to: generate the depth map of the point cloud based
on the occupancy map of the point cloud, and the occupancy map and the depth map of each patch of the point cloud,
and send the generated depth map to the image filling module 105, so that the image filling module 105 fills empty
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pixels in the depth map, to obtain a depth map obtained through filling. Video encoding is performed on the depth
map obtained through filling, video decoding is performed to obtain a decoded depth map, and geometry information
of a reconstructed point cloud is obtained based on the decoded depth map, the occupancy map of the point cloud, and
the auxiliary information of each patch. Texture information of the point cloud and the geometry information of the
reconstructed point cloud are sent to a coloring module. The coloring module is configured to color the reconstructed
point cloud to obtain texture information of the reconstructed point cloud. The texture map generation module 104 is
configured to: generate the texture map of the point cloud based on the occupancy map of the point cloud, the texture
information of the reconstructed point cloud, and the occupancy map of each patch of the point cloud, and send the
generated texture map to the image filling module 105, so that the image filling module 105 fills empty pixels in the
received texture map, to obtain a texture map obtained through filling. Optionally, the texture map generation module
104 may alternatively generate the texture map of the point cloud based on information obtained through filtering
performed by a filtering module 110 on the geometry information of the reconstructed point cloud.

[00156]  The image filling module 105 sends the depth map and the texture map that are obtained through filling
to the image-based or video-based encoding module 106, for image-based or video-based encoding.

[00157] Finally, the image-based or video-based encoding module 106, the occupancy map encoding module
107, and the auxiliary information encoding module 108 send obtained encoding results (that is, bitstreams) to the
multiplexer module 109. The multiplexer module 109 combines the bitstreams into one bitstream, where the bitstream
may be sent to the output interface 140.

[00158] It can be understood that the encoder 100 shown in FIG. 2 is merely an example. In specific
implementation, the encoder 100 may include more or fewer modules than the modules shown in FIG. 2. This is not
limited in this embodiment of this application. For example, the encoder 100 may further include a prediction mode
determining module, configured to determine a prediction mode of a to-be-encoded point cloud, where the prediction
mode may include an inter prediction mode, an intra prediction mode, or the like. The prediction mode of the to-be-
encoded point cloud may be used as auxiliary information and sent to the auxiliary information encoding module 108
for encoding. Optionally, in some embodiments of this application, the prediction mode of the to-be-encoded point
cloud may be sent to the patch information generation module 101. Subsequently, the patch information generation
module 101 may determine a tangent axis and a bitangent axis of a patch based on the prediction mode of the to-be-
encoded point cloud.

[00159] It can be learned from the foregoing description that the auxiliary information encoding module 108 may
encode patch-level information (for example, the index of the normal axis of the patch) and frame-level information
(for example, the quantity of patches included in the point cloud) into a bitstream. In an example, the encoder 100

30



10

15

20

25

30

may perform encoding based on a point cloud group, where each point cloud group may include at least two frames
of point clouds. In this case, the auxiliary information encoding module 108 may further encode GOF-level
information (for example, a quantity of frames of point clouds frames included in a point cloud group) into a bitstream.
FIG. 3 is a schematic structural diagram of an example bitstream applicable to an embodiment of this application. The
bitstream shown in FIG. 3 includes a part 1101 that is used to describe metadata information (which may also be
referred to as a syntax element) in the bitstream. The part 1101 specifically includes the following fields.

[00160] A field 1102 is metadata information of a frame header of a GOF, and is used to describe GOF-level
information. The field 1102 may include, for example, identification information of the GOF, a quantity of frames of
point clouds included in the GOF, and common information (such as the following information used to indicate
description information of a size of a bounding box of a point cloud group) of all the frames of point clouds in the
GOF.

[00161]  Afield 1103 is metadata information of the 1% frame of point cloud in the GOF, and is used to describe
frame-level information related to the 1%t frame of point cloud. The field 1103 may include, for example, a quantity of
patches included in the 1% frame of point cloud, resolutions of occupancy maps of all patches, a maximum quantity of
patches that can be included in each smallest unit in occupancy maps of point clouds, and common information (such
as the following information used to indicate description information of a size of a bounding box of the point cloud)
of all patches in the 1% frame of point cloud.

[00162]  Afield 1104 is metadata information of a patch of the 1% frame of point cloud in the GOF, and is used to
describe patch-level information related to the 1% frame of point cloud. Specifically, the patch-level information related
to the 1% frame of point cloud may sequentially include: metadata information of the 1% patch in the 1% frame of point
cloud, ..., metadata information of the i™" patch, ..., and metadata information of the I'" patch, where 1 <i <1, both i
and | are integers, and | represents the quantity of patches included in the 1% frame of point cloud. The metadata
information of the patch may include an index of a normal axis of the patch, and the like.

[00163]  Afield 1105 is metadata information of the j™ frame of point cloud in the GOF, and is used to describe
frame-level information related to the j frame of point cloud. 1 <j <17, and both j and J are integers. J represents the
quantity of frames of point clouds included in the GOF.

[00164]  Afield 1106 is metadata information of a patch of the j™ frame of point cloud in the GOF, and is used to
describe patch-level information related to the j" frame of point cloud.

[00165] FIG. 4 is a schematic block diagram of an example decoder 200 applicable to an embodiment of this
application. An MPEG PCC decoding framework is used as an example for description in FIG. 4. In the example in
FIG. 4, the decoder 200 may include a demultiplexer module 201, an image-based or video-based decoding module
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202, an occupancy map decoding module 203, an auxiliary information decoding module 204, a point cloud geometry
information reconstruction module 205, a filtering module 206, and a point cloud texture information reconstruction
module 207.

[00166]  The demultiplexer module 201 is configured to send an input bitstream (that is, a combined bitstream)
to a corresponding decoding module. Specifically, a bitstream including an encoded texture map and an encoded depth
map is sent to the image-based or video-based decoding module 202; a bitstream including an encoded occupancy
map is sent to the occupancy map decoding module 203; and a bitstream including encoded auxiliary information is
sent to the auxiliary information decoding module 204.

[00167]  The image-based or video-based decoding module 202 is configured to: decode the received encoded
texture map and the received encoded depth map, send texture map information obtained through decoding to the
point cloud texture information reconstruction module 207, and send depth map information obtained through
decoding to the point cloud geometry information reconstruction module 205. The occupancy map decoding module
203 is configured to: decode the received bitstream including the encoded occupancy map, and send occupancy map
information obtained through decoding to the point cloud geometry information reconstruction module 205. The
auxiliary information decoding module 204 is configured to: decode the received encoded auxiliary information, and
send, to the point cloud geometry information reconstruction module 205, information that indicates the auxiliary
information and that is obtained through decoding.

[00168]  The point cloud geometry information reconstruction module 205 is configured to reconstruct geometry
information of a point cloud based on the received occupancy map information and the received auxiliary information.
After filtering is performed on the reconstructed geometry information of the point cloud by the filtering module 206,
filtered reconstructed geometry information of the point cloud is sent to the point cloud texture information
reconstruction module 207. The point cloud texture information reconstruction module 207 is configured to
reconstruct texture information of the point cloud, to obtain a reconstructed point cloud.

[00169] It can be understood that the decoder 200 shown in FIG. 4 is merely an example. In specific
implementation, the decoder 200 may include more or fewer modules than the modules shown in FIG. 4. This is not
limited in the embodiments of this application.

[00170] To ease of understanding the technical solutions provided in the embodiments of this application, the
following describes, by using examples, a process of generating a patch by the patch information generation module
101 and related information that is of the patch and that is obtained by the patch information generation module 101.
[00171] FIG. 5isaschematic diagram of a patch generation process applicable to a TMC2 (Test Model Category
2). Details may include: First, a KD tree (K-dimension tree) is constructed based on a point cloud, a neighborhood
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point of each point in the point cloud is determined based on the KD tree, and a normal direction vector (that is, a
normal vector) of each point is obtained based on the neighborhood point of the point. Then, coarse segmentation is
performed on the point cloud based on the normal direction vector of each point and a predefined projection plane
(that is, a projection plane of each point is determined). One type of predefined projection plane includes six planes
of a bounding box of a point cloud. A method for coarse segmentation may include: calculating an included angle
between the normal direction vector of each point and each of normal direction vectors of the six planes, and selecting
a plane corresponding to a smallest included angle as a projection plane of the point. Then, fine segmentation is
performed on the projection plane that is of each point and that is obtained through coarse segmentation. Specifically,
a coarse segmentation result is adjusted by iteratively updating a projection plane of the neighborhood point of each
point. The projection plane of each point in the point cloud is determined based on a fine segmentation result. Finally,
a connected component region is detected based on each projection plane, to generate a patch. For example, a set
including all samples in a connected component region is a patch.

[00172] FIG. 6(a) to FIG. 6(c) are a schematic diagram of an example patch applicable to an embodiment of this
application. FIG. 6(a) shows one frame of point cloud. FIG. 6(b) shows patches generated based on FIG. 6(a). A set
including points in each connected component region in FIG. 6(b) is a patch.

[00173] As described above, the patch information generation module 101 may further obtain the related
information of the generated patch of the point cloud. The related information may include an index of a tangent axis,
an index of a bitangent axis, an index of a normal axis, and the like of each patch.

[00174]  The tangent axis of the patch is an axis on which a tangent of the patch is located. The bitangent axis of
the patch is an axis on which a bitangent of the patch is located. The bitangent axis of the patch is perpendicular to the
tangent axis of the patch. The normal axis of the patch is an axis on which a normal of the patch is located. The normal
axis of the patch is perpendicular to a two-dimensional space (that is, a projection plane of the patch) in which the
tangent axis and the bitangent axis of the patch are located. To simplify subsequent processing, in the embodiments
of this application, an example in which "each of a tangent axis, a bitangent axis, and a normal axis of a patch is one
of axes in a world coordinate system" is used for description. This can reduce coordinate system conversion
complexity accompanied when a patch is projected to the two-dimensional space. Certainly, this application is not
limited thereto. In actual implementation, a three-dimensional coordinate system constituted by "a normal axis, a
tangent axis, and a bitangent axis of a patch” may be alternatively obtained from the world coordinate system (or
another reference coordinate system) based on a transformation matrix.

[00175]  Inthe MPEG PCC encoding framework, the tangent axis and the bitangent axis of the patch are generally
determined according to the following method: The index of the normal axis of the patch is first determined, and the
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index of the tangent axis and the index of the bitangent axis of the patch are then obtained by looking up Table 2. The

indexes of the axes in Table 2 are obtained based on Table 1.

Table 2
Index of the normal axis of the | Index of the tangent axis (a U axis) of | Index of the bitangent axis (a V axis)
patch the patch of the patch
0 2 1
1 2 0
2 0 1

[00176]  Refer to Table 2. It can be learned that, when the index of the normal axis of the patch is 0, the index of
the tangent axis of the patch is 2, and the index of the bitangent axis of the patch is 1. In other words, when the normal
axis of the patch is the X axis, the tangent axis of the patch is the Z axis, and the bitangent axis of the patch is the Y
axis. Principles of other examples are similar to the principle described herein, and are not enumerated herein.
[00177] FIG. 7(a) and FIG. 7(b) are a schematic diagram of projection of a patch from a three-dimensional space
to a two-dimensional space. In FIG. 7(a) and FIG. 7(b), the coordinate origin is denoted as O. It is assumed that a
character "A" shown in FIG. 7(a) represents a patch in the three-dimensional space, and a normal axis of the patch is
a Z axis. In addition, it is assumed that in the two-dimensional space, a tangent direction of the patch is a horizontal
axis (a U axis), and a bitangent direction of the patch is a vertical axis (a V axis). Refer to Table 2. It can be learned
that a tangent axis of the patch is an X axis, and the bitangent axis is a Y axis. In other words, in the two-dimensional
space to which the patch is mapped, the U axis is the X axis, and the V axis is the Y axis. Based on this, after the patch
is projected to the two-dimensional space, an occupancy map shown in FIG. 7(b) may be obtained.

[00178]  After determining a tangent axis and a bitangent axis of each patch, the patch information generation
module 101 may further obtain an occupancy map obtained by projecting the patch to the two-dimensional space.
Coordinate values of each point in the occupancy map are determined based on a coordinate system that is constituted
by "the tangent axis and the bitangent axis of the patch". Then, the packing module 102 may pack occupancy maps of
these patches in the two-dimensional space (that is, occupancy maps of the patches described in this specification), to
obtain an occupancy map of a point cloud.

[00179] FIG. 8(a) and FIG. 8(b) are a schematic diagram of an occupancy map of a point cloud. The patch
information generation module 101 may generate patches based on the point cloud shown in FIG. 8(a), and obtain a
tangent axis and a bitangent axis of each patch based on Table 2, to obtain an occupancy map of each patch. Based on
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this, after packing the occupancy maps of the patches, the packing module 102 may obtain the occupancy map of the
point cloud shown in FIG. 8(b). It can be learned from FIG. 8(b) that in the occupancy map of the point cloud, some
patches that are relatively high (which are located on a side on which the Y axis is located) are vertically arranged and
some patches that are relatively high (for example, patches in a rectangular box) are horizontally arranged.
Consequently, there is a large amount of empty space, such as a region in which empty pixels are located in FIG. 8(b),
in the occupancy map of the point cloud. In addition, this leads to a relatively large size of the occupancy map of the
point cloud, and is unfavorable to subsequent video compression coding.

[00180] In addition, as shown in FIG. 6(a) to FIG. 6(c), if the tangent axis and the bitangent axis of each patch
are obtained based on Table 2, an occupancy map shown in FIG. 6(c) may be obtained based on the patches shown in
FIG. 6(b).

[00181]  The following describes a point cloud encoding method and a point cloud decoding method provided in
the embodiments of this application. It should be noted that, with reference to the point cloud coding system shown
in FIG. 1, any one of the following point cloud encoding methods may be performed by the source apparatus 10 in
the point cloud coding system. More specifically, the point cloud encoding method is performed by the encoder 100
in the source apparatus 10. Any of the following point cloud decoding methods may be performed by the destination
apparatus 20 in the point cloud coding system. More specifically, the point cloud decoding method is performed by
the decoder 200 in the destination apparatus 20.

[00182] FIG. 9 is a schematic flowchart of a point cloud encoding method according to an embodiment of this
application. The method may include the following steps.

[00183]  s101: Acquire a normal axis of a to-be-encoded patch in a to-be-encoded point cloud and description
information of a minimum bounding rectangle corresponding to the to-be-encoded patch. The normal axis of the to-
be-encoded patch and the description information of the minimum bounding rectangle corresponding to the to-be-
encoded patch are used to determine a tangent axis and a bitangent axis of the to-be-encoded patch. The to-be-encoded
point cloud may be any frame of to-be-encoded point cloud. The to-be-encoded patch may be any patch in the to-be-
encoded point cloud.

[00184]  The minimum bounding rectangle corresponding to the patch is a minimum bounding rectangle of a two-
dimensional image (referred to as a pre-occupancy map hereinafter) obtained by pre-projecting the patch from a three-
dimensional space to a two-dimensional space. It should be noted that in this embodiment of this application, one side
of the minimum bounding rectangle corresponding to the patch is a first axis of a world coordinate system or is parallel
to a first axis, and another side is a second axis of the world coordinate system or is parallel to a second axis. The first
axis may be any axis in the world coordinate system, and the second axis may be any axis, other than the first axis, in
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the world coordinate system.

[00185]  "Pre-projection" is a term introduced to describe the technical solutions provided in the embodiments of
this application more clearly, and is used to distinguish from a real mapping process. A process of pre-projecting a
patch is a process of projecting the patch from the three-dimensional space to the two-dimensional space, and the pre-
projection process is performed before a tangent axis and a bitangent axis of the patch are determined. Details are as
follows.

[00186]  The process of pre-projecting the patch may include: first determining a reference tangent axis and a
reference bitangent axis of the patch, and then projecting the patch from the three-dimensional space to the two-
dimensional space based on the determined reference tangent axis and the determined reference bitangent axis of the
patch. One of the reference tangent axis and the reference bitangent axis of the patch is the first axis described above,
and the other is the second axis described above. How to determine the reference tangent axis and the reference
bitangent axis of the patch is not limited in this embodiment of this application. For example, the tangent axis and the
bitangent axis of the patch may be determined by using any method (for example, by looking up Table 2) provided in
a current technology, the determined tangent axis is used as the reference tangent axis of the patch, and the determined
bitangent axis is determined as the reference bitangent axis of the patch.

[00187]  Areal process of mapping of the patch may include: first determining the tangent axis and the bitangent
axis of the patch, and then projecting the patch from the three-dimensional space to the two-dimensional space based
on the determined tangent axis and the determined bitangent axis of the patch. In this embodiment, one of the tangent
axis and the bitangent axis of the patch is the first axis described above, and the other is the second axis described
above.

[00188]  For ease of description, in the following, the reference tangent axis of the patch is referred to as a U0
axis, and the reference bitangent axis of the patch is referred to as a VO axis. For ease of description, in the following,
an example in which the UO axis is a horizontal axis and the VO axis is a vertical axis is used for description.
Specifically, if the normal axis of the patch is not a Y axis, the vertical axis is the Y axis, and the horizontal axis is an
axis that is different from both the normal axis and the Y axis. If the normal axis of the patch is the Y axis, the vertical
axis is an X axis, and the horizontal axis is a Z axis. Certainly, this application is not limited thereto. For ease of
description, in the following, the tangent axis of the patch is referred to as a U1 axis, and the bitangent axis of the
patch is referred to as a V1 axis.

[00189] In this embodiment, a relationship between the UO axis, the VO axis, the U1 axis, and the V1 axis that
correspond to the patch may include the following manners.

[00190] Manner A: The tangent axis of the patch is the same as the reference tangent axis of the patch, and the
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bitangent axis of the patch is the same as the reference bitangent axis of the patch. In other words, the U1 axis is the
same as the UO axis, and the V1 axis is the same as the V0 axis.

[00191] Manner B: The tangent axis of the patch is the same as the reference bitangent axis of the patch, and the
bitangent axis of the patch is the same as the reference tangent axis of the patch. In other words, the U1 axis is the
same as the VO axis, and the V1 axis is the same as the U0 axis.

[00192] Based on this, a patch, a pre-occupancy map of the patch, and an occupancy map of the patch that are
provided in this embodiment of this application are shown in FIG. 10(a) to FIG. 10(c2). If a reference tangent axis
and a reference bitangent axis of the patch shown in FIG. 10(a) are obtained by looking up Table 2, and the patch is
mapped from the three-dimensional space to the two-dimensional space based on the reference tangent axis and the
reference bitangent axis, an obtained pre-occupancy map of the patch is shown in FIG. 10(b). If the relationship
between the UO axis, the VO axis, the U1 axis, and the V1 axis is as described in Manner A, an obtained occupancy
map of the patch is shown in FIG. 10(cl). If the relationship between the U0 axis, the VO axis, the U1 axis, and the
V1 axis is as described in Manner B, an obtained occupancy map of the patch is shown in FIG. 10(c2).

[00193] The description information of the minimum bounding rectangle corresponding to the patch is
information used to describe the minimum bounding rectangle corresponding to the patch, and is specifically
information used to describe a side size (which may also be referred to as a two-dimensional size) of the minimum
bounding rectangle. For example, Buo and Byvo may be used to describe sizes of sides of the minimum bounding
rectangle corresponding to the patch, as shown in FIG. 11. Byo represents a size of a side, on the U0 axis (or an axis
parallel to the UO axis), of the minimum bounding rectangle corresponding to the patch, and Byo represents a size of
a side, on the V0 axis (or an axis parallel to the VO axis), of the minimum bounding rectangle corresponding to the
patch. The description information of the minimum bounding rectangle corresponding to the patch may include a
relationship between sizes of sides of the minimum bounding rectangle corresponding to the patch.

[00194]  Generally, a side corresponding to a larger value of Buo and By of the patch is a longest side of the
minimum bounding rectangle corresponding to the patch, and a side corresponding to a smaller value is a shortest side
of the minimum bounding rectangle corresponding to the patch. Particularly, if Byo is equal to Byo, either of Byg and
Bvo may be used as the longest side of the minimum bounding rectangle corresponding to the patch, and the other one
is used as the shortest side of the minimum bounding rectangle corresponding to the patch.

[00195]  The foregoing describes related terms in the embodiments from a perspective of a general patch, and the
general patch includes the to-be-encoded patch.

[00196] A manner of obtaining the normal axis of the to-be-encoded patch is not limited in this embodiment of
this application. For example, reference may be made to the current technology. In this embodiment of this application,

37



10

15

20

25

30

an example in which the normal axis of the to-be-encoded patch is one of the X axis, the Y axis, and the Z axis of the
world coordinate system is used for description.

[00197]  Optionally, the tangent axis and the bitangent axis of the to-be-encoded patch may be determined by
performing the following S102.

[00198]  s102: Determine the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch based on the normal axis of the to-be-encoded patch and the description information of the minimum bounding
rectangle corresponding to the to-be-encoded patch.

[00199]  oOptionally, an encoder may predefine the following mapping relationship, for example, according to a
protocol. The mapping relationship is a mapping relationship between the following items: a plurality of normal axes
(or indexes of the plurality of normal axes) of a patch, a plurality of types of description information (or indexes of
the plurality of types of description information) of a minimum bounding rectangle corresponding to the patch, a
plurality of tangent axes (or indexes of the plurality of tangent axes) of the patch, and a plurality of bitangent axes (or
indexes of the plurality of bitangent axes) of the patch. Then, after the encoder obtains the normal axis (or an index of
the normal axis) of the to-be-encoded patch and the description information (or an index of the description information)
of the minimum bounding rectangle corresponding to the to-be-encoded patch, the encoder obtains the tangent axis
(or an index of the tangent axis of the to-be-encoded patch) and the bitangent axis (or an index of the bitangent axis)
of the to-be-encoded patch based on the foregoing mapping relationship.

[00200] A specific form of the mapping relationship is not limited in this embodiment of this application. For
example, the mapping relationship may be in a form of a table, a formula, or a logical judgment (for example, an if
else operation or a switch operation) performed based on a condition. The following mainly uses an example in which
the mapping relationship is in a form of a table for description. Based on this, when S102 is performed, the encoder
may obtain the tangent axis and the bitangent axis of the to-be-encoded patch by looking up the table. It can be
understood that the foregoing mapping relationship is embodied in one or more tables. This is not limited in this
embodiment of this application. For ease of description, the embodiments of this application are described by using
an example in which these tables are embodied in one table. A general description is provided herein, and details are
not described below.

[00201] When the description information of the minimum bounding rectangle corresponding to the patch
includes the relationship between sizes of sides of the minimum bounding rectangle corresponding to the patch,
possible description information of the minimum bounding rectangle corresponding to the patch and indexes of the

description information may be shown in Table 3.
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Relationship between sizes of sides of the minimum bounding rectangle corresponding to | Buo> Bvo >
a patch Bvo Buo
Index of the relationship between sizes of sides of the minimum bounding rectangle 0 1

corresponding to the patch

[00202] Buo> Bvo may include two cases: Buo > Bvo and Buo = Bvo. It may be considered that in Table 3, an
example in which both the two cases "Buo = Bvo" and "Buo > Bvo" correspond to an index "0" is used for description.
Alternatively, both two cases "Buo = Bvo" and "Byvo > Buo" may correspond to an index "1". In this case, a relationship
corresponding to the index "1" may be replaced with "Bvo > Buo".

[00203] It should be noted that Table 3 is merely an example, and does not constitute any limitation on the
possible description information of the minimum bounding rectangle corresponding to the patch and the indexes of
the description information, where the possible description information and the indexes of the description information
are provided in this embodiment of this application. The following uses the example in which "possible description
information of the minimum bounding rectangle corresponding to the patch and indexes of the description
information” shown in Table 3 for description.

[00204]  S103: Project the to-be-encoded patch from the three-dimensional space to the two-dimensional space
based on the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, to obtain an
occupancy map of the to-be-encoded patch.

[00205]  Specifically, if the tangent axis of the to-be-encoded patch is the same as the reference tangent axis of
the to-be-encoded patch, and the bitangent axis of the to-be-encoded patch is the same as the reference bitangent axis
of the to-be-encoded patch, a pre-occupancy map of the to-be-encoded patch may be directly used as the occupancy
map of the to-be-encoded patch, as shown in FIG. 10(b) and FIG. 10(c1). If the tangent axis of the to-be-encoded
patch is the same as the reference bitangent axis of the to-be-encoded patch, and the bitangent axis of the to-be-
encoded patch is the same as the reference tangent axis of the to-be-encoded patch, the occupancy map of the to-be-
encoded patch may be obtained based on a pre-occupancy map of the to-be-encoded patch, as shown in FIG. 10(b)
and FIG. 10(c2). In addition, S103 may be alternatively implemented by using the current technology.

[00206]  After the encoder performs S103 to obtain the occupancy map of the to-be-encoded patch, for steps
performed by the encoder, refer to the foregoing description of the encoder shown in FIG. 2. However, this is not

limited thereto. Details are not described herein again.

[00207]  S104: Encode a syntax element into a bitstream, where the syntax element is used to indicate the tangent
39



10

15

20

25

30

axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, and the syntax element includes the
index of the normal axis of the to-be-encoded patch and information used to indicate the description information of
the minimum bounding rectangle corresponding to the to-be-encoded patch.

[00208]  The information used to indicate the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch may include information 1 or information 2.

[00209]  The information 1 is the index of the relationship between sizes of sides of the minimum bounding
rectangle corresponding to the to-be-encoded patch. For example, if Buo = 10 cm, and Bvo = 8 cm, it can be learned
from Table 3 that the information used to indicate the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch may include: the index "0" of the relationship (that is, Buo > Bvo) between
the sizes of the sides of the minimum bounding rectangle corresponding to the to-be-encoded patch.

[00210]  The information 2 is size information (or side size information) of the minimum bounding rectangle
corresponding to the to-be-encoded patch. For example, assuming that Buo = 10 cm and Byvo = 8 cm, the information
used to indicate the description information of the minimum bounding rectangle corresponding to the to-be-encoded
patch may include: Byo = 10 cm and Bvo =8 cm.

[00211]  During specific implementation, whether the information used to indicate the description information of
the minimum bounding rectangle corresponding to the to-be-encoded patch includes the information 1 or the
information 2 may be predefined (for example, predefined according to a protocol). Certainly, this application is not
limited thereto.

[00212]  During specific implementation, information encoded into the bitstream may further include auxiliary
information such as size information of a minimum bounding rectangle of an occupancy map of the to-be-encoded
patch. Based on this, with reference to the information 1 and the information 2, the following optional embodiments
are provided in this embodiment of this application.

[00213]  Optionally, if the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-encoded patch includes the information 1, the encoder may further encode the
size information of the minimum bounding rectangle of the occupancy map of the to-be-encoded patch into the
bitstream.

[00214] Optionally, if the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-encoded patch includes the information 2, the encoder may not encode the size
information of the minimum bounding rectangle of the occupancy map of the to-be-encoded patch into the bitstream.
In this way, bitstream transmission overheads can be reduced. In this case, a decoder may determine, based on the size
information (that is, Buo and Byg) of the minimum bounding rectangle corresponding to the to-be-encoded patch (a
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minimum bounding rectangle of a pre-occupancy map of the to-be-encoded patch), whether the tangent axis of the to-
be-encoded patch is the same as the reference tangent axis or the reference bitangent axis. If the tangent axis of the
to-be-encoded patch is the same as the reference tangent axis, the decoder determines that a relationship between the
size information (that is, Bu: and By1) of the minimum bounding rectangle of the occupancy map of the to-be-encoded
patch and the size information of the minimum bounding rectangle of the pre-occupancy map is: Bu1 = Buo and By =
Bvo. If the tangent axis of the patch is the same as the reference bitangent axis, the decoder determines that a
relationship between the size information of the minimum bounding rectangle of the occupancy map of the to-be-
encoded patch and the size information of the minimum bounding rectangle of the pre-occupancy map is: Bui = Byo,
and Bv1 = Buo.

[00215] Both the index of the normal axis of the to-be-encoded patch and the information used to indicate the
description information of the minimum bounding rectangle corresponding to the to-be-encoded patch are patch-level
information. Therefore, with reference to the bitstream structure shown in FIG. 3, if the to-be-encoded point cloud is
the 1% frame of point cloud in the GOF, the two pieces of information may be encoded into the field 1104 in the
bitstream. The two pieces of information may be encoded into the bitstream at the same time, or certainly, the two
pieces of information may be encoded into the bitstream at different times.

[00216]  An order of performing S102 and S103 and performing S104 is not limited in this embodiment of this
application. For example, S102 and S103 may be performed before S104, or S104 may be performed before S102 and
S103, or S104 may be performed in a process of performing S102 and S103.

[00217] In this embodiment, in one aspect, the description information of the minimum bounding rectangle
corresponding to the patch may reflect a pose of the patch. For example, the pose of the patch may be represented by
whether an occupancy map obtained by mapping the patch from the three-dimensional space to the two-dimensional
space is vertical or horizontal. For example, the occupancy map of the patch shown in FIG. 10(c1) is vertical, and the
occupancy map of the patch shown in FIG. 10(c2) is horizontal. In another aspect, whether an occupancy map of a
patch of a same pose is vertical or horizontal affects a size of an occupancy map of a point cloud obtained by packing
the occupancy map of the patch. Therefore, the tangent axis and the bitangent axis of the to-be-encoded patch are
determined based on the normal axis of the to-be-encoded patch and the description information of the minimum
bounding rectangle corresponding to the to-be-encoded patch. This is favorable to implementing that occupancy maps
of patches are closely arranged in the occupancy map of the point cloud by adjusting an orientation (a vertical
orientation or a horizontal orientation) of the occupancy map of the to-be-encoded patch, that is, there are a
comparatively few empty pixels in the occupancy map of the point cloud, thereby helping perform image-/video-
based encoding on a depth map and a texture map that are determined based on the occupancy map of the point cloud.
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In other words, this can improve point cloud encoding performance, and further improve point cloud decoding
performance. For example, if the tangent axis and the bitangent axis of the patch are determined by using the current
technology, only the occupancy map of the point cloud shown in FIG. 8(b) can be obtained based on the point cloud
shown in FIG. 8(a). However, if the tangent axis and the bitangent axis of the patch are determined by using the
method provided in this embodiment of this application, the occupancy map of each patch in FIG. 8(b) can be set to
be vertical or horizontal, so that the occupancy maps of the patches in the point cloud are closely arranged in the
occupancy map of the point cloud.

[00218]  Optionally, if the description information of the minimum bounding rectangle corresponding to the patch
includes the relationship between sizes of sides of the minimum bounding rectangle corresponding to the patch, a
mapping relationship between the normal axis of the patch, the description information of the minimum bounding
rectangle corresponding to the patch, the tangent axis of the patch, and the bitangent axis of the patch may be the case
in the following Solution 1 or Solution 2. Whether the mapping relationship is the case in Solution 1 or Solution 2
may be specifically predefined (for example, predefined according to a protocol), or may be notified by the encoder
to the decoder by encoding indication information into a bitstream. Specific content of the indication information is
not limited in this embodiment of this application. For example, the indication information may be an identifier of
Solution 1 or Solution 2, or may be information used to indicate a projection rule below.

[00219]  Solution 1: An axis on which a longest side of the minimum bounding rectangle corresponding to the to-
be-encoded patch is located is the bitangent axis of the to-be-encoded patch, and an axis on which a shortest side of
the minimum bounding rectangle corresponding to the to-be-encoded patch is located is the tangent axis of the to-be-
encoded patch.

[00220] Based on Solution 1, if the reference tangent axis and the reference bitangent axis of the patch are
determined based on Table 2 in the pre-projection process, "a mapping relationship between the following items: a
plurality of normal axes of a patch, a plurality of types of description information of a minimum bounding rectangle
corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the patch™

provided in this embodiment of this application may be shown in Table 4.

Table 4
Index of the Index of the relationship between sizes of sides Index of the Index of the
normal axis of the | of the minimum bounding rectangle tangent axis of bitangent axis of
patch corresponding to the patch the patch the patch
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0 0 1 2
1 2 1
1 0 0 2
1 2 0
2 0 1 0
1 0 1

[00221]  For example, refer to Table 4. It can be learned that, when the index of the normal axis of the patch is 0,
and the index of the relationship between sizes of sides of the minimum bounding rectangle corresponding to the patch
is 0, the index of the tangent axis of the patch is 1, and the index of the bitangent axis of the patch is 2. With reference
to Table 1 to Table 3, it can be learned that this example is specifically as follows: If the reference tangent axis (the
U0 axis) of the patch is the Z axis, and the reference bitangent axis (the VO axis) of the patch is the Y axis, when the
normal axis of the patch is the X axis, and Buo > Bvo, the tangent axis (the U1 axis) of the patch is the Y axis, and the
bitangent axis (the V1 axis) of the patch is the Z axis. Principles of other examples are similar to the principle described
herein, and are not enumerated herein.

[00222]  Solution 2: An axis on which a longest side of the minimum bounding rectangle corresponding to the to-
be-encoded patch is located is the tangent axis of the to-be-encoded patch, and an axis on which a shortest side of the
minimum bounding rectangle corresponding to the to-be-encoded patch is located is the bitangent axis of the to-be-
encoded patch.

[00223] Based on Solution 2, if the reference tangent axis and the reference bitangent axis of the patch are
determined based on Table 2 in the pre-projection process, "a mapping relationship between the following items: a
plurality of normal axes of a patch, a plurality of types of description information of a minimum bounding rectangle
corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the patch”

provided in this embodiment of this application may be shown in Table 5.

Table 5
Index of the Index of the relationship between sizes of sides | Index of the Index of the
normal axis of the | of the minimum bounding rectangle tangent axis of bitangent axis of
patch corresponding to the patch the patch the patch
0 0 2 1
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1 1 2
1 0 2 0
1 0 2
2 0 0 1
1 1 0

[00224]  For example, refer to Table 5. It can be learned that, when the index of the normal axis of the patch is 0,
the index of the relationship between sizes of sides of the minimum bounding rectangle corresponding to the patch is
0, the index of the tangent axis of the patch is 2, and the index of the bitangent axis of the patch is 1. With reference
to Table 1 to Table 3, it can be learned that this example is specifically as follows: If the reference tangent axis (the
U0 axis) of the patch is the Z axis, and the reference bitangent axis (the VO axis) of the patch is the Y axis, when the
normal axis of the patch is the X axis, when Buo > Byy, the tangent axis (the U1 axis) of the patch is the Z axis, and
the bitangent axis (the V1 axis) of the patch is the Y axis. Principles of other examples are similar to the principle
described herein, and are not enumerated herein.

[00225]  Itshould be noted that both Table 4 and Table 5 are described by using the example in which the reference
tangent axis and the reference bitangent axis of the patch are determined based on Table 2 in the pre-projection process.
This embodiment of this application is not limited thereto.

[00226]  Optionally, S102 may be implemented by using one of the following steps S102A to S102C.

[00227]  S102A: Determine, based on the mapping relationship, a target tangent axis and a target bitangent axis
that correspond to both the normal axis of the to-be-encoded patch and the description information of the minimum
bounding rectangle corresponding to the to-be-encoded patch, where the mapping relationship is a mapping
relationship between the following items: a plurality of normal axes of a patch, a plurality of types of description
information of a minimum bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and
a plurality of bitangent axes of the patch. The target tangent axis is the tangent axis of the to-be-encoded patch, and
the target bitangent axis is the bitangent axis of the to-be-encoded patch.

[00228]  S102A may be replaced with the following content: Determine, based on the mapping relationship, an
index of a target tangent axis and an index of a target bitangent axis that correspond to both the index of the normal
axis of the to-be-encoded patch and an index of the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch, where the mapping relationship is a mapping relationship between the
following items: indexes of a plurality of normal axes of a patch, indexes of a plurality of types of description

information of a minimum bounding rectangle corresponding to the patch, indexes of a plurality of tangent axes of
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the patch, and indexes of a plurality of bitangent axes of the patch. The index of the target tangent axis is an index of
the tangent axis of the to-be-encoded patch, and the index of the target bitangent axis is an index of the bitangent axis
of the to-be-encoded patch. For example, the mapping relationship may be shown in Table 4 or Table 5.

[00229]  S102B: Look up a table based on the normal axis of the to-be-encoded patch and the description
information of the minimum bounding rectangle corresponding to the to-be-encoded patch, to obtain a target tangent
axis and a target bitangent axis that correspond to both the normal axis of the to-be-encoded patch and the description
information of the minimum bounding rectangle corresponding to the to-be-encoded patch. The target tangent axis is
the tangent axis of the to-be-encoded patch, and the target bitangent axis is the bitangent axis of the to-be-encoded
patch. The table that is looked up includes a mapping relationship between the following items: a plurality of normal
axes of a patch, a plurality of types of description information of a minimum bounding rectangle corresponding to the
patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the patch.

[00230] S102B may be replaced with the following content: Look up a table based on the index of the normal
axis of the to-be-encoded patch and an index of the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch, to obtain an index of a target tangent axis and an index of a target bitangent
axis that correspond to both the index of the normal axis of the to-be-encoded patch and the index of the description
information of the minimum bounding rectangle corresponding to the to-be-encoded patch. The index of the target
tangent axis is an index of the tangent axis of the to-be-encoded patch, and the index of the target bitangent axis is an
index of the bitangent axis of the to-be-encoded patch. The table that is looked up includes a mapping relationship
between the following items: a plurality of normal axes of a patch, a plurality of types of description information of a
minimum bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of
bitangent axes of the patch. For example, the table that is looked up may be Table 4 or Table 5. Certainly, this
embodiment of this application is not limited thereto.

[00231] s102C: Determine, according to the projection rule, the tangent axis of the to-be-encoded patch and the
bitangent axis of the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the description
information of the minimum bounding rectangle corresponding to the to-be-encoded patch. The projection rule refers
to distribution, in the two-dimensional space, of an occupancy map obtained by projecting one or more patches (for
example, all patches) in the to-be-encoded point cloud to the two-dimensional space. For a specific implementation
of determining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch based on
the normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch, refer to S102A. Optionally, the projection rule may include vertical
projection or horizontal projection.
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[00232]  \Vertical projection refers to a rule for enabling occupancy maps obtained by projecting most or all
patches in a point cloud to a two-dimensional space to be vertically distributed in the two-dimensional space. For
example, if the tangent axis of the patch is the horizontal axis, and the bitangent axis of the patch is the vertical axis,
vertical projection refers to a rule for enabling a longest side of a minimum bounding rectangle of occupancy maps
obtained by projecting all the patches in the point cloud to the two-dimensional space to be located on the bitangent
axis.

[00233]  Horizontal projection refers to a rule for enabling occupancy maps obtained by projecting most or all
patches in a point cloud to a two-dimensional space to be horizontally distributed in the two-dimensional space. For
example, if the tangent axis of the patch is the horizontal axis, and the bitangent axis of the patch is the vertical axis,
horizontal projection refers to a rule for enabling a longest side of a minimum bounding rectangle of occupancy maps
obtained by projecting all the patches in the point cloud to the two-dimensional space to be located on the tangent axis
of the patch.

[00234]  The projection rule may be predefined, for example, predefined according to a protocol. In addition, the
projection rule may be determined according to a rate-distortion cost criterion. For example, the projection rule is
determined from a candidate projection rule set according to the rate-distortion cost criterion. The candidate projection
rule set may include at least two projection rules, for example, including horizontal projection and vertical projection.
[00235]  oOptionally, if the projection rule is not predefined, after the encoder obtains the projection rule, the
encoder may encode, into the bitstream, information used to indicate the projection rule, so as to notify the projection
rule to the decoder. It can be understood that, the information used to indicate the projection rule is frame-level
information. Therefore, with reference to FIG. 3, if the to-be-encoded point cloud is the 1% frame of point cloud in the
GOF, the information used to indicate the projection rule may be encoded into the field 1103 in the bitstream.
[00236]  When the projection rule indicates vertical projection, the mapping relationship between the following
items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum bounding
rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the
patch may be the case in the foregoing Solution 1. In this case, the encoder may obtain the tangent axis and the
bitangent axis of the to-be-encoded patch by looking up Table 4. When the projection rule indicates horizontal
projection, the mapping relationship may be the case in the foregoing Solution 2. In this case, the encoder may obtain
the tangent axis and the bitangent axis of the to-be-encoded patch by looking up Table 5.

[00237]  The foregoing description is provided by using the example in which the projection rule includes vertical
projection and horizontal projection. The projection rule may further include another projection rule. In this case, the
encoder may predefine (for example, predefine according to a protocol) a correspondence between each projection

46



10

15

20

25

30

rule and "the mapping relationship between the following items: a plurality of normal axes of a patch, a plurality of
types of description information of a minimum bounding rectangle corresponding to the patch, a plurality of tangent
axes of the patch, and a plurality of bitangent axes of the patch". In this way, after determining the projection rule for
projecting the to-be-encoded point cloud, the encoder may obtain "the mapping relationship between the following
items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum bounding
rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the
patch" that corresponds to the projection rule, and further determine the tangent axis and the bitangent axis of the to-
be-encoded patch based on the mapping relationship.

[00238] FIG. 12 is a schematic flowchart of a point cloud decoding method according to an embodiment of this
application. The point cloud decoding method provided in this embodiment corresponds to the point cloud encoding
method provided in the embodiment shown in FIG. 9. Therefore, for explanations of related content and beneficial
effects in this embodiment, refer to the embodiment shown in FIG. 9. The method shown in FIG. 12 may include the
following steps.

[00239]  S201: Parse a bitstream to obtain a syntax element, where the syntax element includes an index of a
normal axis of a to-be-decoded patch in a to-be-decoded point cloud and information used to indicate description
information of a minimum bounding rectangle corresponding to the to-be-decoded patch.

[00240]  The to-be-decoded point cloud may be a point cloud that is transmitted by an encoder to a decoder after
the encoder encodes the to-be-encoded point cloud in the embodiment shown in FIG. 9. The to-be-decoded patch may
be a patch that is transmitted by the encoder to the decoder after the encoder encodes the to-be-encoded patch in the
embodiment shown in FIG. 9. With reference to the bitstream structure shown in FIG. 3, if the to-be-decoded point
cloud is the 1%t frame of point cloud in the GOF, S201 may include: parsing the field 1104, to obtain the index of the
normal axis of the to-be-decoded patch and the information used to indicate the description information of the
minimum bounding rectangle corresponding to the to-be-decoded patch.

[00241]  oOptionally, the description information of the minimum bounding rectangle corresponding to the to-be-
decoded patch may include a relationship between sizes of sides of the minimum bounding rectangle corresponding
to the to-be-decoded patch.

[00242]  Optionally, the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-decoded patch may include an index of the relationship between sizes of sides of
the minimum bounding rectangle corresponding to the to-be-decoded patch, or size information (or side size
information) of the minimum bounding rectangle corresponding to the to-be-decoded patch. A specific type of
included information may be predefined, for example, predefined according to a protocol, and the information is
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consistent with information predefined by the encoder. Certainly, this embodiment of this application is not limited
thereto.

[00243]  S202: Determine a tangent axis and a bitangent axis of the to-be-decoded patch based on the index of
the normal axis of the to-be-decoded patch and the information used to indicate the description information of the
minimum bounding rectangle corresponding to the to-be-decoded patch, where the index and the information are
obtained through parsing.

[00244]  oOptionally, the decoder may predefine the following mapping relationship, for example, according to a
protocol, where the mapping relationship is consistent with a mapping relationship predefined by the encoder. The
mapping relationship is a mapping relationship between the following items: a plurality of normal axes (or indexes of
the plurality of normal axes) of a patch, a plurality of types of description information (or indexes of the plurality of
types of description information) of a minimum bounding rectangle corresponding to the patch, a plurality of tangent
axes (or indexes of the plurality of tangent axes) of the patch, and a plurality of bitangent axes (or indexes of the
plurality of bitangent axes) of the patch. Then, after the decoder parses the bitstream to obtain the index of the normal
axis of the to-be-decoded patch and the description information used to indicate the minimum bounding rectangle
corresponding to the to-be-decoded patch, the decoder obtains the tangent axis of the to-be-decoded patch (or an index
of the tangent axis of the to-be-decoded patch) and the bitangent axis of the to-be-decoded patch (or an index of the
bitangent axis of the to-be-decoded patch) based on the foregoing mapping relationship.

[00245]  If the information used to indicate the description information of the minimum bounding rectangle
corresponding to the to-be-decoded patch includes the size information of the minimum bounding rectangle
corresponding to the to-be-decoded patch, the decoder may first obtain, based on the size information of the minimum
bounding rectangle corresponding to the to-be-decoded patch, the description information (or the index of the
description information) of the minimum bounding rectangle corresponding to the to-be-decoded patch, and then
obtain the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the
foregoing mapping relationship.

[00246] If the decoder stores the foregoing mapping relationship in form of a table, the foregoing mapping
relationship may be the mapping relationship shown in Table 4 or Table 5. Based on this, the decoder may obtain the
tangent axis and the bitangent axis of the to-be-decoded patch by looking up the table.

[00247]  S203: Reconstruct geometry information of the to-be-decoded point cloud based on a tangent axis and a
bitangent axis of one or more patches (for example, all patches) in the to-be-decoded point cloud, where the one or
more patches include the to-be-decoded patch.

[00248]  For the geometry information of the point cloud and a specific implementation of S203, refer to the
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foregoing descriptions. Details are not described herein again.

[00249]  Because the point cloud decoding method provided in this embodiment corresponds to the point cloud
encoding method provided above, for beneficial effects that can be achieved in this embodiment, refer to the related
descriptions in the foregoing embodiment of the point cloud encoding method.

[00250]  Optionally, S202 may be implemented by using one of the following steps S202A to S202C.

[00251] S202A: Determine, based on the mapping relationship, a target tangent axis and a target bitangent axis
that correspond to both the normal axis of the to-be-decoded patch and the description information of the minimum
bounding rectangle corresponding to the to-be-decoded patch, where the mapping relationship is a mapping
relationship between the following items: a plurality of normal axes of a patch, a plurality of types of description
information of a minimum bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and
a plurality of bitangent axes of the patch. The target tangent axis is the tangent axis of the to-be-decoded patch, and
the target bitangent axis is the bitangent axis of the to-be-decoded patch.

[00252] S202A may be replaced with the following content: Determine, based on a mapping relationship, an
index of a target tangent axis and an index of a target bitangent axis that correspond to both the index of the normal
axis of the to-be-decoded patch and the index of the description information of the minimum bounding rectangle
corresponding to the to-be-decoded patch, where the mapping relationship is a mapping relationship between the
following items: indexes of a plurality of normal axes of a patch, indexes of a plurality of types of description
information of a minimum bounding rectangle corresponding to the patch, indexes of a plurality of tangent axes of
the patch, and indexes of a plurality of bitangent axes of the patch. The index of the target tangent axis is an index of
the tangent axis of the to-be-decoded patch, and the index of the target bitangent axis is an index of the bitangent axis
of the to-be-decoded patch. Specifically, the mapping relationship may be shown in Table 4 or Table 5.

[00253] S202B: Look up a table based on the normal axis of the to-be-decoded patch and the description
information of the minimum bounding rectangle corresponding to the to-be-decoded patch, to obtain a target tangent
axis and a target bitangent axis that correspond to both the normal axis of the to-be-decoded patch and the description
information of the minimum bounding rectangle corresponding to the to-be-decoded patch. The target tangent axis is
the tangent axis of the to-be-decoded patch, and the target bitangent axis is the bitangent axis of the to-be-decoded
patch. The table that is looked up includes a mapping relationship between the following items: a plurality of normal
axes of a patch, a plurality of types of description information of a minimum bounding rectangle corresponding to the
patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the patch.

[00254]  S202B may be replaced with the following content: Look up a table based on the index of the normal
axis of the to-be-decoded patch and the index of the description information of the minimum bounding rectangle
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corresponding to the to-be-decoded patch, to obtain an index of a target tangent axis and an index of a target bitangent
axis that correspond to both the index of the normal axis of the to-be-decoded patch and the index of the description
information of the minimum bounding rectangle corresponding to the to-be-decoded patch. The index of the target
tangent axis is an index of the tangent axis of the to-be-decoded patch, and the index of the target bitangent axis is an
index of the bitangent axis of the to-be-decoded patch. The table that is looked up includes a mapping relationship
between the following items: a plurality of normal axes of the patch, a plurality of types of description information of
a minimum bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of
bitangent axes of the patch. For example, the table that is looked up may be Table 4 or Table 5. Certainly, this
embodiment of this application is not limited thereto.

[00255]  s202C: Determine, according to a projection rule (that is, a projection rule used for projecting the to-be-
decoded point cloud), the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch
based on the normal axis of the to-be-decoded patch and the description information of the minimum bounding
rectangle corresponding to the to-be-decoded patch. The projection rule refers to distribution, in a two-dimensional
space, of an occupancy map obtained by projecting one or more patches in the to-be-decoded point cloud to the two-
dimensional space. Optionally, the projection rule includes vertical projection or horizontal projection.

[00256]  Optionally, the projection rule may be predefined, for example, predefined according to a protocol. In
addition, the projection rule is consistent with a projection rule predefined by the encoder.

[00257]  Optionally, the projection rule may be obtained by the decoder by parsing the bitstream. The syntax
element obtained by parsing the bitstream includes information used to indicate the projection rule. The information
used to indicate the projection rule is frame-level information. Specific information used to indicate the projection
rule is not limited in this embodiment of this application. For example, the information may be an index of the
projection rule. For example, if the projection rule indicates vertical projection, the index of the projection rule may
be 0. If the projection rule indicates horizontal projection, the index of the projection rule may be 1. Certainly, this
application is not limited thereto.

[00258]  In an example, when the projection rule indicates vertical projection, the mapping relationship between
the following items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum
bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent
axes of the patch may be the case in the foregoing Solution 1. In this case, the decoder may obtain the tangent axis
and the bitangent axis of the to-be-decoded patch by looking up Table 4. When the projection rule indicates horizontal
projection, the mapping relationship may be the case in the foregoing Solution 2. In this case, the encoder may obtain
the tangent axis and the bitangent axis of the to-be-encoded patch by looking up Table 5.
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[00259] It can be understood that, when the information used to indicate the description information of the
minimum bounding rectangle corresponding to the to-be-decoded patch is the relationship between sizes of sides of
the minimum bounding rectangle corresponding to the to-be-decoded patch, the decoder may directly determine the
tangent axis and the bitangent axis of the to-be-decoded patch in one of the following Manners 1 to 3. When the
information used to indicate the description information of the minimum bounding rectangle corresponding to the to-
be-decoded patch is the size information of the minimum bounding rectangle corresponding to the to-be-decoded
patch, the decoder may first determine the relationship between sizes of sides of the minimum bounding rectangle
corresponding to the to-be-decoded patch, and then determine the tangent axis and the bitangent axis of the to-be-
decoded patch in one of the following Manners 1 to 3.

[00260] FIG. 13 is a schematic flowchart of a point cloud encoding method according to an embodiment of this
application. The method may include the following steps.

[00261]  S301: Obtain a reference tangent axis of a to-be-encoded patch in a to-be-encoded point cloud and a
reference bitangent axis of the to-be-encoded patch. For related descriptions of the to-be-encoded point cloud, the to-
be-encoded patch, and the reference tangent axis and the reference bitangent axis of the to-be-encoded patch, refer to
the foregoing descriptions. Details are not described herein again.

[00262]  Specifically, an index of the reference tangent axis of the to-be-encoded patch and an index of the
reference bitangent axis of the to-be-encoded patch are obtained by looking up Table 2 based on an index of a normal
axis of the to-be-encoded patch, and then the reference tangent axis and the reference bitangent axis of the to-be-
encoded patch are obtained by looking up Table 1. Certainly, this embodiment of this application is not limited thereto.
[00263]  S302: Determine a tangent axis of the to-be-encoded patch and a bitangent axis of the to-be-encoded
patch based on the reference tangent axis of the to-be-encoded patch and the reference bitangent axis of the to-be-

encoded patch, where a rotation angle of the tangent axis of the to-be-encoded patch relative to the reference tangent
axis of the to-be-encoded patch is 0 , and a rotation angle of the bitangent axis of the to-be-encoded patch relative to
the reference bitangent axis of the to-be-encoded patch is 6

[00264]  The rotation angle 0 may be an angle obtained by counterclockwise or clockwise rotating the tangent
axis of the to-be-encoded patch relative to the reference tangent axis of the to-be-encoded patch. The tangent axis
herein may be replaced with the bitangent axis. In this case, the reference tangent axis may be replaced with the
reference bitangent axis. It should be noted that, for ease of description, the following uses an example in which a
rotation direction is a counterclockwise direction for description. A general description is provided herein, and details
are not described below.
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[00265] If the reference tangent axis, the reference bitangent axis, the tangent axis, and the bitangent axis of the
to-be-encoded patch are respectively denoted as a U0 axis, a V0 axis, a U1 axis, and a V1 axis, a relationship between

the UO axis, the VO axis, the U1 axis, and the V1 axis in this embodiment is: A rotation angle of the U1 axis relative

to the UO axis is 0 , and a rotation angle of the V1 axis relative to the VO axis is 0 .

[00266] Based on this, a patch, a pre-occupancy map of the patch, and an occupancy map of the patch that are
provided in this embodiment of this application are shown in FIG. 14(a) to FIG. 14(c). If a reference tangent axis and
a reference bitangent axis of the patch shown in FIG. 14(a) are obtained by looking up Table 2, and the patch is mapped
from a three-dimensional space to a two-dimensional space based on the reference tangent axis and the reference

bitangent axis, the obtained pre-occupancy map of the patch is shown in FIG. 14(b). After the reference tangent axis

and the reference bitangent axis are both counterclockwise rotated by an angle of 0 , the obtained occupancy map of
the patch is shown in FIG. 14(c).

[00267]  S303: Project the to-be-encoded patch from the three-dimensional space to the two-dimensional space
based on the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, to obtain an
occupancy map of the to-be-encoded patch.

[00268]  For specific implementation of this step, refer to related descriptions in the following Manner 1 or
Manner 2, or refer to a current technology.

[00269]  S304: Determine a size of a minimum bounding rectangle of the occupancy map of the to-be-encoded
patch. Subsequently, an encoder may obtain a depth map, a texture map, and the like of the to-be-encoded patch based
on the size of the minimum bounding rectangle of the occupancy map of the to-be-encoded patch.

[00270]  The minimum bounding rectangle is established based on a coordinate system that is constituted by the
reference tangent axis and the reference bitangent axis of the to-be-encoded patch. In other words, an axis on which a
side of the minimum bounding rectangle is located is an axis other than the normal axis of the to-be-encoded patch in
a world coordinate system or an axis parallel to the axis, and an axis on which another side is located is another axis
in the world coordinate system or an axis parallel to the another axis.

[00271] It can be understood that, for resolving the technical problem described in the background part, S303
and S304 are optional technical features.

[00272]  S305: Encode a syntax element into a bitstream, where the syntax element is used to indicate the tangent

axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, and the syntax element includes an

index of the normal axis of the to-be-encoded patch and information used to indicate the rotation angle 0 of the to-
be-encoded patch. Optionally, the syntax element may further include the size, determined in S304, of the minimum
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bounding rectangle of the occupancy map of the to-be-encoded patch, for example, a size of the minimum bounding
rectangle on each axis of the coordinate system that is constituted by the reference tangent axis and the reference
bitangent axis of the to-be-encoded patch. The size of the minimum bounding rectangle of the occupancy map of the
to-be-encoded patch is used by a decoder side to obtain the depth map, the texture map, and the like of the to-be-
encoded patch, to reconstruct geometry information of the to-be-decoded patch.

[00273] Both the index of the normal axis of the to-be-encoded patch and the information used to indicate the

rotation angle 0 of the to-be-encoded patch are patch-level information. Therefore, with reference to the bitstream
structure shown in FIG. 3, if the to-be-encoded point cloud is the 1% frame of point cloud in the GOF, the two pieces
of information may be encoded into the field 1104 in the bitstream. The two pieces of information may be encoded
into the bitstream at the same time, or the two pieces of information may be encoded into the bitstream at different
times. In addition, size information of the minimum bounding rectangle of the occupancy map of the to-be-encoded

patch is also patch-level information.
[00274]  oOptionally, the information used to indicate the rotation angle O of the to-be-encoded patch may

include: the rotation angle 0 , or an index of the rotation angle 0 , or an identifier of a patch that matches the to-be-
encoded patch.

[00275]  In this embodiment, the tangent axis and the bitangent axis of the to-be-encoded patch are obtained by
rotating the reference tangent axis and the reference bitangent axis of the to-be-encoded patch. In this way, positions
of occupancy maps of patches in an occupancy map of a point cloud may be adjusted by properly setting the rotation
angle, so that the occupancy maps of the patches are closely arranged in the occupancy map of the point cloud. This
improves point cloud encoding performance, and further improves point cloud decoding performance. In addition, in
comparison with the embodiment shown in FIG. 9, in this embodiment, the positions of the occupancy maps of the
patches in the occupancy map of the point cloud can be more flexibly set, so that the occupancy maps of the patches

are arranged more densely (or more closely) in the occupancy map of the point cloud.

[00276]  Optionally, before S302, the method may further include: determining the rotation angle O in one of

the following manners.

[00277]  Manner 1: Determine the rotation angle O of the to-be-encoded patch from a plurality of candidate
rotation angles according to a rate-distortion cost criterion.

[00278]  Optionally, the plurality of candidate rotation angles may be angles obtained by evenly dividing 360°

into N parts, where N is an integer greater than or equal to 2. For example, if N = 4, the plurality of candidate rotation
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angles may be 0°, 90°, 180°, and 270°. If N = 6, the plurality of candidate rotation angles may be 0°, 60°, 120°, 180°,
240°, and 300°. Certainly, this embodiment of this application is not limited thereto. For example, the plurality of
candidate rotation angles may be alternatively angles obtained by unevenly dividing 360° into N parts.

[00279]  Manner 1 may include the following steps 1 to 3:

[00280]  step 1: Perform the following steps 1-1 and 1-2 on a patch i (which is denoted as a patch[i]) in the to-
be-encoded point cloud. 0 <i<1-1, bothiand | are integers, and | represents a quantity of patches included in the
to-be-encoded point cloud.

[00281]  step 1-1: Project the patch[i] from the three-dimensional space to the two-dimensional space by using a
reference tangent axis and a reference bitangent axis of the patch[i], to obtain a reference occupancy map of the
patch[i].

[00282]  step 1-2: First, traverse N possible rotation angles, and counterclockwise rotate the reference occupancy
map of the patch[i] by each possible rotation angle, where a reference occupancy map, obtained through rotation, of
the patch[i] is a pre-occupancy map of the patch[i]. Then, insert the pre-occupancy map of the patch [i] into an
available region of a pre-occupancy map of the to-be-encoded point cloud. The available region is a region, in the pre-

occupancy map of the to-be-encoded point cloud, into which a pre-occupancy map of a patch can be inserted.
- . h . . .0 . .
[00283]  Specifically, if the j possible rotation angle of the patch [i] is ~J , where 0 <j <N — 1, an image

obtained by counterclockwise rotating the reference occupancy map of the patch [i] by ‘91 around the coordinate

origin of a coordinate system that is constituted by the reference tangent axis and the reference bitangent axis of the

patch[i] is the pre-occupancy map of the patchl[i] obtained through rotation of the rotation angle 91 . If coordinates
of a point P1 in an occupancy map (that is, the reference occupancy map) of the patch[i] are (x1, y1), coordinates of
X2 = xlcos @ —ylsing

2
a point P2 obtained through rotation are (x2, y2), and y

x1si ng —ylcosg

[00284]  step 2: After all patches in the to-be-encoded point cloud are processed according to step 1, collect
statistics about a size of each obtained pre-occupancy map in the to-be-encoded point cloud.

[00285]  For example, if N = 4, there may be four possible rotation angles of each patch: 0°, 90°, 180°, and 270°.
Because rotation angles of any two patches in the to-be-encoded point cloud may be the same or may be different, if
the to-be-encoded point cloud includes three patches (which are denoted as patches 1 to 3), there are 4° possible
combinations (which are denoted as combinations 1 to 4%) of rotation angles of all the patches in the to-be-encoded
point cloud. 43 pre-occupancy maps (which are denoted as pre-occupancy maps 1 to 4°) of the to-be-encoded point
cloud may be obtained through pre-packing. In other words, in this example, sizes of the pre-occupancy maps 1 to 43
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need to be separately calculated. This is merely an example. In actual implementation, a possible rotation angle of
each patch may be determined based on requirements (for example, based on a calculation complexity requirement
and a bitstream transmission overhead requirement).

[00286]  Step 3: Select, according to the rate-distortion cost criterion from pre-occupancy maps of the to-be-
encoded point cloud that are obtained based on all possible combinations, a pre-occupancy map that enables bitstream
transmission overheads to be lowest or a value of bitstream overheads to be less than or equal to a preset threshold
(for example, selecting a pre-occupancy map that is of the to-be-encoded point cloud and that has a smallest size), and
use a rotation angle of each patch corresponding to the selected pre-occupancy map as an optimal rotation angle of
the corresponding patch. It can be understood that the selected pre-occupancy map may be subsequently used as the
occupancy map of the to-be-encoded point cloud.

[00287]  For example, based on the example in step 2, assuming that the pre-occupancy map that has the smallest
size and that is selected from the 4% pre-occupancy maps of the to-be-encoded point cloud according to the rate-
distortion cost criterion is an occupancy map 5, rotation angles included in a combination 5 are correspondingly used
as optimal rotation angles of patches in the to-be-encoded point cloud. For example, if the combination 5 includes: a

rotation angle of the patch 1 is 0°, a rotation angle of the patch 2 is 90°, and a rotation angle of the patch 3 is 180°,
when the to-be-encoded patch is the patch 1, the rotation angle 0 of the to-be-encoded patch is 0°; when the to-be-
encoded patch is the patch 2, the rotation angle 0 of the to-be-encoded patch is 90°; and when the to-be-encoded
patch is the patch 3, the rotation angle 0 of the to-be-encoded patch is 180°.

[00288]  In Manner 1, the information used to indicate the rotation angle 0 of the to-be-encoded patch may

include: the rotation angle 0 , or the index of the rotation angle 0 .

[00289]  Manner 2: Obtain a rotation angle of a patch that matches the to-be-encoded patch in an encoded point

cloud, and use the obtained rotation angle as the rotation angle 0 of the to-be-encoded patch.

[00290]  Optionally, the encoded point cloud may be any frame of encoded point cloud previous to the to-be-
encoded point cloud. Optionally, the encoded point cloud may be an encoded point cloud that belongs to a same GOF
as the to-be-encoded point cloud. Optionally, the encoded point cloud may be a previous frame of encoded point cloud
of the to-be-encoded point cloud.

[00291]  The patch that matches the to-be-encoded patch is a patch with a minimum matching cost. For example,
the patch may be a patch that is in the encoded point cloud, has a same normal axis as the to-be-encoded patch, and
has a largest intersection-over-union (Intersection-over-Union, loU) between a corresponding minimum bounding

55



10

15

20

25

rectangle and the minimum bounding rectangle corresponding to the to-be-encoded patch.
[00292]  In Manner 2, the information used to indicate the rotation angle 0 of the to-be-encoded patch may
include: the identifier of the patch that matches the to-be-encoded patch, or the rotation angle 0 , or the index of the

rotation angle 0 .

[00293]  Inanimplementation, the identifier of the patch that matches the to-be-encoded patch is used to indicate
an index of the patch that matches the to-be-encoded patch. In this case, the syntax element may further include
information used to indicate whether there is a patch that matches the to-be-encoded patch in the encoded point cloud.
For example, the syntax element may include an identifier 1, and the identifier 1 is used to indicate whether there is a
patch that matches the to-be-encoded patch in the encoded point cloud. When the identifier 1 is used to indicate that
there is a patch that matches the to-be-encoded patch in the encoded point cloud, the syntax element may further
include an identifier 2, and the identifier 2 is an index of the patch that matches the to-be-encoded patch.

[00294]  In another implementation, the identifier of the patch that matches the to-be-encoded patch is used to
indicate that there are the patch that matches the to-be-encoded patch in the encoded point cloud and an index of the
patch that matches the to-be-encoded patch. For example, it is assumed that when there is a patch that matches the to-
be-encoded patch in the encoded point cloud, the index of the patch that matches the to-be-encoded patch ranges from
0 to P-1, where P is an integer greater than or equal to 1. When there is no patch that matches the to-be-encoded patch
in the encoded point cloud, the index of the patch that matches the to-be-encoded patch is a default value —1. Therefore,
for ease of implementation, the bitstream may include a value that is obtained by adding 1 to the index of the patch
that matches the to-be-encoded patch. In other words, when there is a patch that matches the to-be-encoded patch in
the encoded point cloud, the identifier of the patch that matches the to-be-encoded patch is a value greater than 0, and
is a value obtained by adding 1 to the index of the patch that matches the to-be-encoded patch. When there is no patch
that matches the to-be-encoded patch in the encoded point cloud, the identifier of the patch that matches the to-be-
encoded patch is 0.

[00295] It should be noted that, in Manner 2, specifically, the identifier of the patch that matches the to-be-

encoded patch is included in the syntax element to indirectly indicate the rotation angle 6 of the to-be-encoded
patch. Because in an inter prediction mode, the encoder needs to transmit, to the decoder, the identifier of the patch

that matches the to-be-encoded patch, it may be considered that in the technical solution provided in Manner 2, the
information used to indicate the rotation angle 6 does not need to be additionally transmitted. Therefore, bitstream

transmission overheads can be reduced. In addition, the encoder does not need to obtain the rotation angle 0 .
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Therefore, calculation complexity of the encoder can be reduced.

[00296] FIG. 15 is a schematic flowchart of a point cloud decoding method according to an embodiment of this
application. The point cloud decoding method provided in this embodiment corresponds to the point cloud encoding
method provided in the embodiment shown in FIG. 13. Therefore, for explanations of related content in this
embodiment, refer to the embodiment shown in FIG. 13. The method shown in FIG. 15 may include the following
steps.

[00297]  s401: Parse a bitstream to obtain a syntax element, where the syntax element includes an index of a

normal axis of a to-be-decoded patch in a to-be-decoded point cloud and information used to indicate a rotation angle

0 of the to-be-decoded patch.

[00298]  The to-be-decoded point cloud may be a point cloud that is transmitted by an encoder to a decoder after
the encoder encodes the to-be-encoded point cloud in the embodiment shown in FIG. 13. The to-be-decoded patch
may be a patch that is transmitted by the encoder to the decoder after the encoder encodes the to-be-encoded patch in
the embodiment shown in FIG. 13. With reference to the bitstream structure shown in FIG. 3, if the to-be-decoded

point cloud is the 1%t frame of point cloud in the GOF, S401 may include: parsing the field 1104, to obtain the index

of the normal axis of the to-be-decoded patch and the information used to indicate the rotation angle 0 of the to-be-

decoded patch.
[00299]  Optionally, the information used to indicate the rotation angle O of the to-be-decoded patch may

include: the rotation angle 0 , or an index of the rotation angle 0 , or a patch that matches the to-be-decoded patch.
A specific type of included information may be predefined, for example, predefined according to a protocol, and the
information is consistent with information predefined by the encoder. Certainly, this embodiment of this application
is not limited thereto.

[00300]  Further, optionally, an identifier of the patch that matches the to-be-decoded patch is used to indicate an
index of the patch that matches the to-be-decoded patch, or used to indicate that there are the patch that matches the
to-be-decoded patch in a decoded point cloud and an index of the patch that matches the to-be-decoded patch. A
specific type of information that is indicated by the identifier of the patch that matches the to-be-decoded patch may
be predefined, for example, predefined according to a protocol, and the information is consistent with information
predefined by the encoder. Certainly, this embodiment of this application is not limited thereto.

[00301]  s402: Obtain a reference tangent axis of a to-be-encoded patch and a reference bitangent axis of the to-
be-encoded patch based on the index of the normal axis of the to-be-decoded patch, where the index is obtained

through parsing. For example, an index of the reference tangent axis of the to-be-encoded patch and an index of the
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reference bitangent axis of the to-be-encoded patch are obtained by looking up Table 2 based on the index of the
normal axis of the to-be-encoded patch, and then the reference tangent axis and the reference bitangent axis of the to-
be-encoded patch are obtained by looking up Table 1.

[00302]  S403: Determine a tangent axis of the patch and a bitangent axis of the patch based on the reference

tangent axis of the to-be-encoded patch, the reference bitangent axis of the to-be-encoded patch, and the information

that is used to indicate the rotation angle 0 of the to-be-decoded patch and that is obtained through parsing.

[00303]  S403 may be implemented by using one of the following steps S403A to S403C:

[00304]  S403A: When the information used to indicate the rotation angle O of the to-be-decoded patch
includes the rotation angle 0 , determine the tangent axis and the bitangent axis of the to-be-decoded patch based on

the reference tangent axis and the reference bitangent axis of the to-be-encoded patch and the rotation angle 9_
Specifically, the reference tangent axis of the to-be-encoded patch is counterclockwise rotated, around the coordinate

origin (that is, the coordinate origin of a coordinate system constituted by the reference tangent axis and the reference

bitangent axis of the to-be-encoded patch) by—e (that is, clockwise rotated by 0 ), to obtain the tangent axis of the

to-be-decoded patch. Correspondingly, the reference bitangent axis of the to-be-encoded patch is counterclockwise

rotated by 0 (that is, clockwise rotated by e) around the coordinate origin, to obtain the bitangent axis of the to-

be-decoded patch.

[00305]  S403B: When the information used to indicate the rotation angle 0 ofthe to-be-decoded patch includes

the index of the rotation angle 0 , obtain the rotation angle 6 indicated by the index of the rotation angle 0 , and

then determine the tangent axis and the bitangent axis of the to-be-decoded patch based on the reference tangent axis
and the reference bitangent axis of the to-be-encoded patch and the rotation angle 0 .

[00306]  S403C: When the information used to indicate the rotation angle 0 ofthe to-be-decoded patch includes
the identifier of the patch that matches the to-be-decoded patch, determine, based on the identifier that is of the patch

matching the to-be-decoded patch and that is obtained through parsing, the patch that matches the to-be-decoded patch,

and obtain a rotation angle 0 of the patch that matches the to-be-decoded patch; and determine the tangent axis and

the bitangent axis of the to-be-decoded patch based on the reference tangent axis and the reference bitangent axis of

the to-be-encoded patch and the rotation angle 0

[00307]  For example, if the identifier of the patch that matches the to-be-decoded patch is used to indicate the
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index of the patch that matches the to-be-decoded patch, the patch that matches the to-be-decoded patch may be
obtained by looking up a table based on the index. The table that is looked up includes a mapping relationship between
the following items: a plurality of patches and indexes of the patches.

[00308]  For example, if the identifier of the patch that matches the to-be-decoded patch is used to indicate that
there are the patch that matches the to-be-decoded patch in the decoded point cloud and the index of the patch that
matches the to-be-decoded patch, optionally, if a value of the identifier is not O, it indicates that there is the patch that
matches the to-be-decoded patch in the decoded point cloud, and a value obtained by subtracting 1 from the value of
the identifier is used as the index of the patch that matches the to-be-encoded patch.

[00309]  s404: Reconstruct geometry information of the to-be-decoded point cloud based on a tangent axis and a
bitangent axis of one or more patches in the to-be-decoded point cloud, where the one or more patches include the to-
be-decoded patch.

[00310]  For a specific implementation of S404, refer to the foregoing descriptions or a current technology.
[00311] Optionally, the syntax element further includes information used to indicate a size of a minimum
bounding rectangle of an occupancy map of the to-be-decoded patch. In this case, S404 may include: reconstructing
the geometry information of the to-be-decoded point cloud based on the tangent axis and the bitangent axis of the one
or more patches in the to-be-decoded point cloud and the size information of the minimum bounding rectangle of the
occupancy map of the to-be-decoded patch, where the size information is obtained by parsing the bitstream. For a
specific implementation, refer to the foregoing descriptions or the current technology. For related descriptions such as
the geometry information of the point cloud and the size information of the minimum bounding rectangle of the
occupancy map of the to-be-decoded patch, refer to the foregoing descriptions.

[00312] Because the point cloud decoding method provided in this embodiment corresponds to the point cloud
encoding method provided in the embodiment shown in FIG. 13, for beneficial effects that can be achieved in this
embodiment, refer to the related descriptions in the embodiment shown in FIG. 13.

[00313] FIG. 16 is a schematic flowchart of a point cloud encoding method according to an embodiment of this
application. The method may include the following steps.

[00314]  s501: Determine a prediction mode of a to-be-encoded point cloud from a candidate prediction mode
set, where the candidate prediction mode set includes an inter prediction mode and an intra prediction mode, and the
prediction mode of the to-be-encoded point cloud is used to determine a method for obtaining a tangent axis and a
bitangent axis of a to-be-encoded patch in the to-be-encoded point cloud.

[00315] The inter prediction mode is a mode in which the to-be-encoded patch in the point cloud is encoded
based on a correlation between point clouds. For example, the inter prediction mode is a mode in which a to-be-
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encoded patch in another point cloud is encoded based on information about an encoded point cloud (for example, a
rotation angle of a patch in the encoded point cloud).

[00316]  The intra prediction mode is a mode in which the to-be-encoded patch in the point cloud is encoded
based on information about the point cloud (for example, a projection rule of the point cloud).

[00317]  Optionally, the inter prediction mode may further include an inter prediction mode 1, an inter prediction
mode 2, ..., and an inter prediction mode M1, where M1 is an integer greater than or equal to 2. Likewise, the intra
prediction mode may further include an intra prediction mode 1, an intra prediction mode 2, ..., and an intra prediction
mode M2, where M2 is an integer greater than or equal to 2.

[00318]  s502: Encode a syntax element into a bitstream, where the syntax element is used to indicate the method
for obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, and the
syntax element includes information used to indicate the prediction mode of the to-be-encoded point cloud.
[00319]  The information used to indicate the prediction mode of the to-be-encoded point cloud is frame-level
information. With reference to the bitstream structure shown in FIG. 3, if the to-be-encoded point cloud is the 1% frame
of point cloud in the GOF, the information may be encoded into the field 1103 in the bitstream. Optionally, the
information used to indicate the prediction mode of the to-be-encoded point cloud may be an index of the prediction
mode of the to-be-encoded point cloud.

[00320]  Optionally, when the prediction mode of the to-be-encoded point cloud is the inter prediction mode, the
method for obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch
includes: obtaining a reference tangent axis of the to-be-encoded patch and a reference bitangent axis of the to-be-
encoded patch; determining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch based on the reference tangent axis of the to-be-encoded patch and the reference bitangent axis of the to-be-

encoded patch, where a rotation angle of the tangent axis of the to-be-encoded patch relative to the reference tangent
axis of the to-be-encoded patch is 0 , and a rotation angle of the bitangent axis of the to-be-encoded patch relative to
the reference bitangent axis of the to-be-encoded patch is 0 ; and obtaining a rotation angle of a patch that matches

the to-be-encoded patch in an encoded point cloud, and using the obtained rotation angle as a rotation angle 0 of
the to-be-encoded patch, where the syntax element further includes an identifier of the patch that matches the to-be-
encoded patch and an index of a normal axis of the to-be-encoded patch. For a specific implementation process and
related descriptions of the optional manner, refer to the embodiment shown in Manner 2 in FIG. 13.

[00321]  Optionally, when the prediction mode of the to-be-encoded point cloud is the intra prediction mode, the
method for obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch
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includes: obtaining a reference tangent axis of the to-be-encoded patch and a reference bitangent axis of the to-be-
encoded patch; determining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch based on the reference tangent axis of the to-be-encoded patch and the reference bitangent axis of the to-be-

encoded patch, where a rotation angle of the tangent axis of the to-be-encoded patch relative to the reference tangent
axis of the to-be-encoded patch is 0 , and a rotation angle of the bitangent axis of the to-be-encoded patch relative to

the reference bitangent axis of the to-be-encoded patch is e; and determining a rotation angle 6 of the to-be-

encoded patch from a plurality of candidate rotation angles according to a rate-distortion cost criterion, where the

syntax element further includes the rotation angle 0 or an index of the rotation angle 0 , and an index of a normal
axis of the to-be-encoded patch. For a specific implementation process and related descriptions of the optional manner,
refer to the embodiment shown in Manner 1 in FIG. 13.

[00322]  Optionally, when the prediction mode of the to-be-encoded point cloud is the intra prediction mode, the
method for obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch
includes: acquiring a normal axis of the to-be-encoded patch and description information of a minimum bounding
rectangle corresponding to the to-be-encoded patch; and determining the tangent axis of the to-be-encoded patch and
the bitangent axis of the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the description
information of the minimum bounding rectangle corresponding to the to-be-encoded patch, where the syntax element
further includes an index of the normal axis of the to-be-encoded patch and information that is used to indicate the
description information of the minimum bounding rectangle corresponding to the to-be-encoded patch. For a specific
implementation process and related descriptions of the optional manner, refer to the embodiment shown in FIG. 9.
[00323]  Optionally, when the prediction mode of the to-be-encoded point cloud is the intra prediction mode, the
method for obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch
includes: obtaining a normal axis of the to-be-encoded patch, and determining the tangent axis of the to-be-encoded
patch and the bitangent axis of the to-be-encoded patch based on the normal axis of the to-be-encoded patch. For
example, the tangent axis and the bitangent axis of the to-be-encoded patch are determined by looking up Table 2. The
syntax element further includes an index of the normal axis of the to-be-encoded patch.

[00324]  This embodiment provides an implementation solution to determining "a method for obtaining a tangent
axis and a bitangent axis of a to-be-encoded patch in a to-be-encoded point cloud". This technical solution can support
a scenario in which a plurality of methods for obtaining the tangent axis and the bitangent axis of the to-be-encoded
patch coexist.

[00325] FIG. 17 is a schematic flowchart of a point cloud decoding method according to an embodiment of this
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application. The point cloud decoding method provided in this embodiment corresponds to the point cloud encoding
method provided in the embodiment shown in FIG. 16. Therefore, for explanations of related content in this
embodiment, refer to the embodiment shown in FIG. 16. The method shown in FIG. 17 may include the following
steps.

[00326]  S601: Parse a bitstream to obtain a syntax element, where the syntax element is used to indicate a method
for obtaining a tangent axis of a to-be-decoded patch in a to-be-decoded point cloud and a bitangent axis of the to-be-
decoded patch, the syntax element includes information used to indicate a prediction mode of the to-be-decoded point
cloud, and the prediction mode of the to-be-decoded point cloud includes an inter prediction mode or an intra
prediction mode.

[00327]  The to-be-decoded point cloud may be a point cloud that is transmitted by an encoder to a decoder after
the encoder encodes the to-be-encoded point cloud in the embodiment shown in FIG. 16. The to-be-decoded patch
may be a patch that is transmitted by the encoder to the decoder after the encoder encodes the to-be-encoded patch in
the embodiment shown in FIG. 16. With reference to the bitstream structure shown in FIG. 3, if the to-be-decoded
point cloud is the 1% frame of point cloud in the GOF, S601 may include: parsing the field 1103 to obtain the
information used to indicate the prediction mode of the to-be-decoded point cloud. Optionally, the information used
to indicate the prediction mode of the to-be-decoded point cloud may be an index of the prediction mode of the to-be-
decoded point cloud.

[00328]  s602: Obtain the method for obtaining the tangent axis of the to-be-decoded patch and the bitangent axis
of the to-be-decoded patch according to the method, indicated by the syntax element, for obtaining the tangent axis of
the to-be-decoded patch and the bitangent axis of the to-be-decoded patch.

[00329]  Optionally, when the prediction mode of the to-be-decoded point cloud is the inter prediction mode, and
the syntax element further includes an identifier of a patch that matches the to-be-decoded patch and an index of a
normal axis of the to-be-decoded patch, the method for obtaining the tangent axis of the to-be-decoded patch and the
bitangent axis of the to-be-decoded patch includes: obtaining a reference tangent axis of the to-be-decoded patch and
a reference bitangent axis of the to-be-decoded patch based on the index that is of the normal axis of the to-be-decoded
patch and that is obtained through parsing; determining, based on the identifier that is of the patch matching the to-

be-decoded patch and that is obtained through parsing, the patch that matches the to-be-decoded patch, and obtaining

a rotation angle 0 of the patch that matches the to-be-decoded patch; and determining the tangent axis of the to-be-

decoded patch and the bitangent axis of the to-be-decoded patch based on the reference tangent axis of the to-be-

decoded patch, the reference bitangent axis of the to-be-decoded patch, and the rotation angle 6. For a specific
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implementation process and related descriptions of the optional manner, refer to the related embodiment shown in
FIG. 15.

[00330]  Optionally, when the prediction mode of the to-be-decoded point cloud is the intra prediction mode, and

the syntax element further includes the rotation angle 0 of the to-be-decoded patch or an index of the rotation angle

0 of the to-be-decoded patch, and an index of a normal axis of the to-be-decoded patch, the method for obtaining
the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch includes: obtaining a
reference tangent axis of the to-be-decoded patch and a reference bitangent axis of the to-be-decoded patch based on
the index that is of the normal axis of the to-be-decoded patch and that is obtained through parsing; and determining
the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the reference

tangent axis of the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the rotation angle

0 . For a specific implementation process and related descriptions of the optional manner, refer to the related
embodiment shown in FIG. 15.

[00331]  Optionally, when the prediction mode of the to-be-decoded point cloud is the intra prediction mode, and
the syntax element further includes an index of a normal axis of the to-be-decoded patch and information used to
indicate description information of a minimum bounding rectangle corresponding to the to-be-decoded patch, the
method for obtaining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch
includes: determining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch
based on the index of the normal axis of the to-be-decoded patch and the information used to indicate the description
information of the minimum bounding rectangle corresponding to the to-be-decoded patch, where the index of the
normal axis and the information used to indicate the description information are obtained through parsing. For a
specific implementation process and related descriptions of the optional manner, refer to the related embodiment
shown in FIG. 12.

[00332]  Optionally, when the prediction mode of the to-be-decoded point cloud is the intra prediction mode, and
the syntax element further includes an index of a normal axis of the to-be-decoded patch, the method for obtaining the
tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch includes: determining the
tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the index that is
of the normal axis of the to-be-decoded patch and that is obtained through parsing. For example, the tangent axis of
the to-be-decoded patch and the bitangent axis of the to-be-decoded patch are determined by looking up Table 2.
[00333]  The point cloud decoding method provided in this embodiment corresponds to the point cloud encoding
method provided in the embodiment shown in FIG. 16. This embodiment provides an implementation solution to
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determining "a method for obtaining a tangent axis and a bitangent axis of a to-be-decoded patch in a to-be-decoded
point cloud". This technical solution can support a scenario in which a plurality of methods for obtaining the tangent
axis and the bitangent axis of the to-be-decoded patch coexist.

[00334]  The foregoing mainly describes the solutions provided in the embodiments of this application from a
perspective of the methods. To implement the foregoing functions, apparatuses include corresponding hardware
structures and/or software modules for performing the functions. A person skilled in the art should be easily aware
that, in combination with units and algorithm steps of the examples described in the embodiments disclosed in this
specification, this application may be implemented by hardware or a combination of hardware and computer software.
Whether a function is performed by hardware or hardware driven by computer software depends on particular
applications and design constraints of the technical solutions. A person skilled in the art may use different methods to
implement the described functions for each particular application, but it should not be considered that the
implementation goes beyond the scope of this application.

[00335] Division into functional modules may be performed on an encoder and a decoder in the embodiments of
this application based on the foregoing method examples. For example, each functional module may be obtained
through division in correspondence to each function, or at least two functions may be integrated into one processing
module. The integrated module may be implemented in a form of hardware, or may be implemented in a form of a
software functional module. It should be noted that, in the embodiments of this application, division into the modules
is an example, and is merely a logical function division. In actual implementation, division into the modules may be
performed in another manner.

[00336] FIG. 18 is a schematic block diagram of an encoder 180 according to an embodiment of this application.
The encoder 180 may include a patch information generation module 1801 and an auxiliary information encoding
module 1802. In an example, the patch information generation module 1801 may correspond to the patch information
generation module 101 in FIG. 2, and the auxiliary information encoding module 1802 may correspond to the auxiliary
information encoding module 108 in FIG. 2. Certainly, this application is not limited thereto.

[00337]  The following describes a feasible implementation of performing point cloud-based encoding by the
encoder 180.

[00338] In a feasible implementation, the patch information generation module 1801 is configured to acquire a
normal axis of a to-be-encoded patch in a to-be-encoded point cloud and description information of a minimum
bounding rectangle corresponding to the to-be-encoded patch, where the normal axis of the to-be-encoded patch and
the description information of the minimum bounding rectangle corresponding to the to-be-encoded patch are used to
determine a tangent axis of the to-be-encoded patch and a bitangent axis of the to-be-encoded patch; and the auxiliary
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information encoding module 1802 is configured to encode a syntax element into a bitstream, where the syntax
element is used to indicate the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded
patch, and the syntax element includes an index of the normal axis of the to-be-encoded patch and information used
to indicate the description information of the minimum bounding rectangle corresponding to the to-be-encoded patch.
For example, the patch information generation module 1801 can be configured to perform S101 in FIG. 9 and/or
another step described in the embodiments of this application; and the auxiliary information encoding module 1802
can be configured to perform S104 in FIG. 9 and/or another step described in the embodiments of this application.
[00339] In a feasible implementation, the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch may include a relationship between sizes of sides of the minimum bounding
rectangle corresponding to the to-be-encoded patch.

[00340] In a feasible implementation, the information used to indicate the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch includes an index of the relationship between
sizes of sides of the minimum bounding rectangle corresponding to the to-be-encoded patch, or size information of
the minimum bounding rectangle corresponding to the to-be-encoded patch.

[00341] In a feasible implementation, the patch information generation module 1801 is further configured to:
determine the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch based on the
normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch; and project the to-be-encoded patch from a three-dimensional space to a
two-dimensional space based on the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-
encoded patch. For example, the patch information generation module 1801 can be configured to perform S101 in
FIG. 9 and/or another step described in the embodiments of this application; and the auxiliary information encoding
module 1802 can be configured to perform S104 in FIG. 9 and/or another step described in the embodiments of this
application.

[00342] In a feasible implementation, the patch information generation module 1801 is specifically configured
to: determine, according to a projection rule, the tangent axis of the to-be-encoded patch and the bitangent axis of the
to-be-encoded patch based on the normal axis of the to-be-encoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch, where the projection rule refers to distribution,
in the two-dimensional space, of an occupancy map obtained by projecting one or more patches in the to-be-encoded
point cloud to the two-dimensional space.

[00343] Inafeasible implementation, the projection rule is preset, or the projection rule is determined according
to a rate-distortion cost criterion.
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[00344]  In a feasible implementation, if the projection rule is determined according to the rate-distortion cost
criterion, the syntax element further includes information used to indicate the projection rule.

[00345] In a feasible implementation, the patch information generation module 1801 is specifically configured
to: determine, based on a mapping relationship, a target tangent axis and a target bitangent axis that correspond to
both the normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch, where the mapping relationship is a mapping relationship between the
following items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum
bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent
axes of the patch; and the target tangent axis is the tangent axis of the to-be-encoded patch, and the target bitangent
axis is the bitangent axis of the to-be-encoded patch.

[00346] In a feasible implementation, the patch information generation module 1801 is specifically configured
to: look up a table based on the normal axis of the to-be-encoded patch and the description information of the minimum
bounding rectangle corresponding to the to-be-encoded patch, to obtain a target tangent axis and a target bitangent
axis that correspond to both the normal axis of the to-be-encoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch, where the target tangent axis is the tangent
axis of the to-be-encoded patch, and the target bitangent axis is the bitangent axis of the to-be-encoded patch, and the
table includes a mapping relationship between the following items: a plurality of normal axes of a patch, a plurality
of types of description information of a minimum bounding rectangle corresponding to the patch, a plurality of tangent
axes of the patch, and a plurality of bitangent axes of the patch.

[00347]  Inafeasible implementation, if a projection rule indicates vertical projection, an axis on which a longest
side of the minimum bounding rectangle corresponding to the to-be-encoded patch is located is the bitangent axis of
the to-be-encoded patch, and an axis on which a shortest side of the minimum bounding rectangle corresponding to
the to-be-encoded patch is located is the tangent axis of the to-be-encoded patch.

[00348] In a feasible implementation, if a projection rule indicates horizontal projection, an axis on which a
longest side of the minimum bounding rectangle corresponding to the to-be-encoded patch is located is the tangent
axis of the to-be-encoded patch, and an axis on which a shortest side of the minimum bounding rectangle
corresponding to the to-be-encoded patch is located is the bitangent axis of the to-be-encoded patch.

[00349]  The projection rule refers to distribution, in the two-dimensional space, of an occupancy map obtained
by projecting one or more patches in the to-be-encoded point cloud to the two-dimensional space. The normal axis of
the to-be-encoded patch is perpendicular to the two-dimensional space.

[00350] FIG. 19 is a schematic block diagram of a decoder 190 according to an embodiment of this application.
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The decoder 190 may include an auxiliary information decoding module 1901 and a point cloud geometry information
reconstruction module 1902. In an example, the auxiliary information decoding module 1901 may correspond to the
auxiliary information decoding module 204 in FIG. 4, and the point cloud geometry information reconstruction
module 1902 may correspond to the point cloud geometry information reconstruction module 204 in FIG. 4. Certainly,
this application is not limited thereto.

[00351]  The following describes a feasible implementation of performing point cloud-based decoding by the
decoder 190.

[00352] In a feasible implementation, the auxiliary information decoding module 1901 is configured to: parse a
bitstream to obtain a syntax element, where the syntax element includes an index of a normal axis of a to-be-decoded
patch in a to-be-decoded point cloud and information used to indicate description information of a minimum bounding
rectangle corresponding to the to-be-decoded patch; and determine a tangent axis of the to-be-decoded patch and a
bitangent axis of the to-be-decoded patch based on the index of the normal axis of the to-be-decoded patch and the
information used to indicate the description information of the minimum bounding rectangle corresponding to the to-
be-decoded patch, where the index and the information are obtained through parsing. The point cloud geometry
information reconstruction module 1902 is configured to reconstruct geometry information of the to-be-decoded point
cloud based on a tangent axis and a bitangent axis of one or more patches in the to-be-decoded point cloud, where the
one or more patches include the to-be-decoded patch. For example, the auxiliary information decoding module 1901
can be configured to perform S201 and S202 in FIG. 12 and/or another step described in the embodiments of this
application, and the auxiliary information encoding module 1802 can be configured to perform S203 in FIG. 12 and/or
another step described in the embodiments of this application.

[00353] In a feasible implementation, the description information of the minimum bounding rectangle
corresponding to the to-be-decoded patch includes a relationship between sizes of sides of the minimum bounding
rectangle corresponding to the to-be-decoded patch.

[00354] In a feasible implementation, the information used to indicate the description information of the
minimum bounding rectangle corresponding to the to-be-decoded patch includes an index of the relationship between
sizes of sides of the minimum bounding rectangle corresponding to the to-be-decoded patch, or size information of
the minimum bounding rectangle corresponding to the to-be-decoded patch.

[00355]  Inafeasible implementation, the auxiliary information decoding module 1901 is specifically configured
to determine, according to a projection rule, the tangent axis of the to-be-decoded patch and the bitangent axis of the
to-be-decoded patch based on the normal axis of the to-be-decoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-decoded patch, where the projection rule refers to distribution,
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in a two-dimensional space, of an occupancy map obtained by projecting one or more patches in the to-be-decoded
point cloud to the two-dimensional space.

[00356] In a feasible implementation, the projection rule is preset; or the syntax element further includes
information used to indicate the projection rule, and correspondingly, the projection rule is a projection rule indicated
by the syntax element that is obtained by parsing the bitstream.

[00357]  Inafeasible implementation, the auxiliary information decoding module 1901 is specifically configured
to: determine, based on a mapping relationship, a target tangent axis and a target bitangent axis that correspond to
both the normal axis of the to-be-decoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-decoded patch, where the mapping relationship is a mapping relationship between the
following items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum
bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent
axes of the patch; and the target tangent axis is the tangent axis of the to-be-decoded patch, and the target bitangent
axis is the bitangent axis of the to-be-decoded patch.

[00358]  Inafeasible implementation, the auxiliary information decoding module 1901 is specifically configured
to: look up a table based on the normal axis of the to-be-decoded patch and the description information of the minimum
bounding rectangle corresponding to the to-be-decoded patch, to obtain a target tangent axis and a target bitangent
axis that correspond to both the normal axis of the to-be-decoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-decoded patch, where the target tangent axis is the tangent
axis of the to-be-decoded patch, and the target bitangent axis is the bitangent axis of the to-be-decoded patch, and the
table includes a mapping relationship between the following items: a plurality of normal axes of a patch, a plurality
of types of description information of a minimum bounding rectangle corresponding to the patch, a plurality of tangent
axes of the patch, and a plurality of bitangent axes of the patch.

[00359]  Inafeasible implementation, if a projection rule indicates vertical projection, an axis on which a longest
side of the minimum bounding rectangle corresponding to the to-be-decoded patch is located is the bitangent axis of
the to-be-decoded patch, and an axis on which a shortest side of the minimum bounding rectangle corresponding to
the to-be-decoded patch is located is the tangent axis of the to-be-decoded patch; or if a projection rule indicates
horizontal projection, an axis on which a longest side of the minimum bounding rectangle corresponding to the to-be-
decoded patch is located is the tangent axis of the to-be-decoded patch, and an axis on which a shortest side of the
minimum bounding rectangle corresponding to the to-be-decoded patch is located is the bitangent axis of the to-be-
decoded patch. The projection rule refers to distribution, in a two-dimensional space, of an occupancy map obtained
by projecting one or more patches in the to-be-decoded point cloud to the two-dimensional space, and the normal axis
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of the to-be-decoded patch is perpendicular to the two-dimensional space.

[00360]  The following describes some other feasible implementations of performing point cloud—based encoding

by the encoder 180.

[00361] In a feasible implementation, the patch information generation module 1801 is configured to: obtain a
reference tangent axis of a to-be-encoded patch in a to-be-encoded point cloud and a reference bitangent axis of the
to-be-encoded patch; and determine a tangent axis of the to-be-encoded patch and a bitangent axis of the to-be-encoded
patch based on the reference tangent axis of the to-be-encoded patch and the reference bitangent axis of the to-be-

encoded patch, where a rotation angle of the tangent axis of the to-be-encoded patch relative to the reference tangent
axis of the to-be-encoded patch is 0 , and a rotation angle of the bitangent axis of the to-be-encoded patch relative to

the reference bitangent axis of the to-be-encoded patch is 0 ; and the auxiliary information encoding module 1802 is
configured to encode a syntax element into a bitstream, where the syntax element is used to indicate the tangent axis

of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, and the syntax element includes an index

of a normal axis of the to-be-encoded patch and information used to indicate the rotation angle 0 of the to-be-
encoded patch. For example, the patch information generation module 1801 can be configured to perform S301 and
S302 in FIG. 13 and/or another step described in the embodiments of this application; and the auxiliary information
encoding module 1802 can be configured to perform S305 in FIG. 13 and/or another step described in the

embodiments of this application.
[00362] In a feasible implementation, the information used to indicate the rotation angle O of the to-be-

encoded patch includes: the rotation angle 6 , or an index of the rotation angle 6 , or an identifier of a patch that
matches the to-be-encoded patch.

[00363] In a feasible implementation, the identifier of the patch that matches the to-be-encoded patch is used to
indicate an index of the patch that matches the to-be-encoded patch, or used to indicate that there are the patch that
matches the to-be-encoded patch in an encoded point cloud and an index of the patch that matches the to-be-encoded
patch.

[00364] In a feasible implementation, the patch information generation module 1801 is further configured to:

determine the rotation angle 0 from a plurality of candidate rotation angles according to a rate-distortion cost

criterion; or obtain a rotation angle of the patch that matches the to-be-encoded patch from the encoded point cloud,

and use the obtained rotation angle as the rotation angle 6 of the to-be-encoded patch.

[00365] In a feasible implementation, the patch information generation module 1801 is further configured to:
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project the to-be-encoded patch from a three-dimensional space to a two-dimensional space based on the tangent axis
of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, to obtain an occupancy map of the to-
be-encoded patch; and determine a minimum bounding rectangle of the occupancy map of the to-be-encoded patch.
The syntax element further includes size information of the minimum bounding rectangle of the occupancy map of
the to-be-encoded patch. For example, the patch information generation module 1801 can be configured to perform
S303 and S304 in FIG. 13.

[00366]  The following describes some other feasible implementations of performing point cloud—based decoding
by the decoder 190.

[00367]  In a feasible implementation, the auxiliary information decoding module 1901 is configured to: parse a

bitstream to obtain a syntax element, where the syntax element includes an index of a normal axis of a to-be-decoded

patch in a to-be-decoded point cloud and information used to indicate a rotation angle 0 of the to-be-decoded patch;
obtain a reference tangent axis of the to-be-decoded patch and a reference bitangent axis of the to-be-decoded patch
based on the index of the normal axis of the to-be-decoded patch, where the index is obtained through parsing; and
determine a tangent axis of the patch and a bitangent axis of the patch based on the reference tangent axis of the to-

be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the information that is used to indicate

the rotation angle 0 of the to-be-decoded patch and that is obtained through parsing; and the point cloud geometry
information reconstruction module 1902 is configured to reconstruct geometry information of the to-be-decoded point
cloud based on a tangent axis and a bitangent axis of one or more patches in the to-be-decoded point cloud, where the
one or more patches include the to-be-decoded patch. For example, the auxiliary information decoding module 1901
can be configured to perform S401, S402, and S403 in FIG. 15 and/or another step described in the embodiments of
this application, and the auxiliary information decoding module 1901 can be configured to perform S404 in FIG. 15

and/or another step described in the embodiments of this application.
[00368] In a feasible implementation, the information used to indicate the rotation angle O of the to-be-

decoded patch includes: the rotation angle 6 , or an index of the rotation angle 6 , or an identifier of a patch that
matches the to-be-decoded patch.

[00369] In a feasible implementation, the identifier of the patch that matches the to-be-decoded patch is used to
indicate an index of the patch that matches the to-be-decoded patch, or used to indicate whether there are the patch
that matches the to-be-decoded patch in a decoded point cloud and an index of the patch that matches the to-be-

decoded patch.
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[00370] In a feasible implementation, the information used to indicate the rotation angle O of the to-be-
decoded patch includes the identifier of the patch that matches the to-be-decoded patch; and the auxiliary information
decoding module 1901 is specifically configured to: determine, based on the identifier that is of the patch matching

the to-be-decoded patch and that is obtained through parsing, the patch that matches the to-be-decoded patch, and

obtain a rotation angle 0 of the patch that matches the to-be-decoded patch; and determine the tangent axis of the

to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the reference tangent axis of the to-

be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the rotation angle 0 .

[00371] In a feasible implementation, the syntax element further includes size information of a minimum
bounding rectangle of an occupancy map of the to-be-decoded patch; and the point cloud geometry information
reconstruction module 1902 is specifically configured to: reconstruct the geometry information of the to-be-decoded
point cloud based on the tangent axis and the bitangent axis of the one or more patches in the to-be-decoded point
cloud and the size information of the minimum bounding rectangle of the occupancy map of the to-be-decoded patch,
where the size information is obtained by parsing the bitstream.

[00372]  The following describes some other feasible implementations of performing point cloud—based encoding
by the encoder 180.

[00373]  In a feasible implementation, the patch information generation module 1801 is configured to: project a
to-be-encoded patch from a three-dimensional space to a two-dimensional space, to obtain a first occupancy map of
the to-be-encoded patch; and obtain a second occupancy map of the to-be-encoded patch, where the second occupancy

map of the to-be-encoded patch is obtained by counterclockwise or clockwise rotating the first occupancy map of the

to-be-encoded patch by a rotation angle ‘9; and the auxiliary information encoding module 1802 is configured to

encode a syntax element into a bitstream, where the syntax element includes information used to indicate the rotation

angle 0.

[00374]  In a feasible implementation, coordinates (x2, y2) of a point in the second occupancy map of the to-be-
encoded patch are obtained based on coordinates (x1, y1) of a point in the first occupancy map of the to-be-encoded

patch and a rotation matrix, where the rotation matrix corresponds to the rotation angle.
[00375]  In a feasible implementation, the rotation matrix is determined based on the rotation angle 9, or is

determined based on a functional relationship of the rotation angle 0
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cosd —sin 6’}

[00376]  In afeasible implementation, the rotation matrix is represented as Lm ¢ —cos¢ :

[00377] In a feasible implementation, when the rotation angle 0 is 0°, the rotation matrix is represented as

0 -1

0 -1 1 0

F O } {
; when the rotation angle 0 is 90°, the rotation matrix is represented as

-1 0
0 1

} ; when the rotation

angle 0 is 180°, the rotation matrix is represented as { ] and/or when the rotation angle 0 is 270°, the

0 1
. o -1 0
rotation matrix is represented as :

[00378]  Inafeasible implementation, coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-

encoded patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the to-be-encoded patch satisfy

the following formula, where the coordinates (x2, y2) of the point P2 are obtained through rotation:

X2 = x1lcos @ —ylsind

y2 = x1sin¢ -ylcos 6

[00379] In a feasible implementation, coordinates (x2, y2) of P2 in the second occupancy map of the to-be-
X2 = x1cos @ —ylsinéd

y2 = x1sin@ —ylcos @

encoded patch are obtained according to the following formula: , where (x1, y1)

represents coordinates of a point P1 in the first occupancy map of the to-be-encoded patch, and 0 represents the
rotation angle.

[00380]  In a feasible implementation, the second occupancy map is obtained by counterclockwise or clockwise

rotating the first occupancy map of the to-be-encoded patch by the rotation angle 0 around a coordinate origin of a

coordinate system constituted by a first tangent axis and a first bitangent axis.
[00381]  In a feasible implementation, the information used to indicate the rotation angle 0 is an index used to

indicate the rotation angle 0 .

[00382]  Inafeasible implementation, a rotation angle by which a second tangent axis of the to-be-encoded patch

rotates relative to a first tangent axis of the to-be-encoded patch is 6 , and a rotation angle by which a second bitangent

axis of the to-be-encoded patch rotates relative to a first bitangent axis of the to-be-encoded patch is 0 .

[00383]  Correspondingly, some other feasible implementations of performing point cloud—based decoding by the

decoder 190 are described.
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[00384] In afeasible implementation, the auxiliary information decoding module 1901 is configured to: parse a

bitstream to obtain a syntax element, where the syntax element includes information used to indicate a rotation angle

0 of the to-be-decoded patch; and obtain a second occupancy map of the to-be-decoded patch; and the point cloud
geometry information reconstruction module 1902 is configured to: obtain a first occupancy map of the to-be-decoded

patch, where the first occupancy map of the to-be-decoded patch is obtained by counterclockwise or clockwise

counter-rotating the second occupancy map of the to-be-decoded patch by the rotation angle e; and reconstruct
geometry information of the to-be-decoded point cloud based on a first occupancy map of one or more patches in the
to-be-decoded point cloud, where the one or more patches include the to-be-decoded patch.

[00385] In a feasible implementation, coordinates (x1, y1) of a point in the first occupancy map of the to-be-
decoded patch are obtained based on coordinates (x2, y2) of a point in the second occupancy map of the to-be-decoded

patch and a rotation matrix, where the rotation matrix corresponds to the rotation angle.
[00386] In a feasible implementation, the rotation matrix is determined based on the rotation angle 0 oris

determined based on a functional relationship of the rotation angle 0.

cos@ -sind@

sind -cosé

[00387]  In a feasible implementation, the rotation matrix is represented as { } or the rotation

cosd —sin 6’}

- : : Line —cosd
matrix is represented as an inverse matrix of .

[00388] In a feasible implementation, when the rotation angle 0 s 0°, the rotation matrix is represented as

-1

0 -1 0

{1 0 } {0
; when the rotation angle 0 is 90°, the rotation matrix is represented as 1

-10
0

} ; when the rotation

angle 0 is 180°, the rotation matrix is represented as { J; and/or when the rotation angle 0 is 270°, the

0 1
. - -1 0
rotation matrix is represented as :

[00389] In a feasible implementation, when the rotation angle 0 s 0°, the rotation matrix is represented as an

1 0
0 -1

inverse matrix of {
0 -1
1 0

] when the rotation angle 0 is 90°, the rotation matrix is represented as an inverse

matrix of { ] when the rotation angle 6 is 180°, the rotation matrix is represented as an inverse matrix of
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- O 1_

; and/or when the rotation angle 0 is 270°, the rotation matrix is represented as an inverse matrix of
0 1]
__1 O_

[00390]  In a feasible implementation, coordinates (x2, y2) of a point P2 in the second occupancy map of the to-

be-decoded patch and coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-decoded patch satisfy

the following formula, where the coordinates (x1, yl1) of the point P1 are obtained through counter-rotation:

X2 = x1lcos @ —ylsind X1 = x2cosf +y2siné

y2 = x1sin@ -ylcosd , yl=-x2sinf —y2coso

[00391] Inafeasible implementation, coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-
x2 = x1cos @ —ylsinéd

y2 = x1sin@ —ylcos 6

decoded patch are obtained according to the following formula: or

x1 = x2cosé +y2siné

yl=-x2sinf —y2cos ‘9, where (x2, y2) represents coordinates of a point P2 in the second occupancy

map of the to-be-decoded patch, and 0 represents the rotation angle.

[00392] In a feasible implementation, the first occupancy map of the to-be-decoded patch is obtained by

counterclockwise or clockwise counter-rotating the second occupancy map of the to-be-decoded patch by the rotation

angle 0 around a coordinate origin of a coordinate system constituted by a first tangent axis and a first bitangent

axis.
[00393]  Ina feasible implementation, the information used to indicate the rotation angle 0 is an index used to

indicate the rotation angle 0 .

[00394]  Inafeasible implementation, a rotation angle by which a second tangent axis of the to-be-decoded patch

rotates relative to a first tangent axis of the to-be-decoded patch is 6 , and a rotation angle by which a second bitangent

axis of the to-be-decoded patch rotates relative to a first bitangent axis of the to-be-decoded patch is 0 .

[00395]  Inafeasible implementation, the auxiliary information decoding module 1901 is specifically configured
to: parse the bitstream to obtain the second occupancy map of the to-be-decoded patch; or parse the bitstream to obtain
information that is used to indicate the second occupancy map of the to-be-decoded patch, and obtain the second
occupancy map of the to-be-decoded patch based on the information that is used to indicate the second occupancy
map of the to-be-decoded patch.

74



10

15

20

[00396]  The following describes some other feasible implementations of performing point cloud—based encoding
by the encoder 180.

[00397]  The patch information generation module 1801 is configured to: project a to-be-encoded patch patch
from a three-dimensional space to a two-dimensional space, to obtain a first occupancy map of the to-be-encoded
patch; and obtain a second occupancy map of the to-be-encoded patch, where coordinates (x2, y2) of a point in the
second occupancy map of the to-be-encoded patch are obtained based on coordinates (x1, y1) of a point in the first

occupancy map of the to-be-encoded patch and a rotation matrix, where the rotation matrix corresponds to a rotation
angle 6; and the auxiliary information encoding module 1802 is configured to encode a syntax element into a
bitstream, where the syntax element includes information used to indicate the rotation angle 0 .

[00398] In a feasible implementation, the rotation matrix is determined based on the rotation angle 0 oris

determined based on a functional relationship of the rotation angle 0.

[00399] Ina feasible implementation, the rotation matrix is represented as Lm o —cos¢ :

cosd —sin 9}

[00400] In a feasible implementation, when the rotation angle 0 s 0°, the rotation matrix is represented as

-1

0 -1 0

{1 0 } {0
; when the rotation angle 0 is 90°, the rotation matrix is represented as 1

-10
0

} : when the rotation

angle 0 is 180°, the rotation matrix is represented as { J; and/or when the rotation angle 0 is 270°, the

0 1
. . -1 0
rotation matrix is represented as :

[00401] Inafeasible implementation, coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-
encoded patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the to-be-encoded patch satisfy
the following formula, where the coordinates (x2, y2) of the point P2 are obtained through rotation:
X2 = x1cos @ —ylsin@

y2 =x1sin@ —ylcos o

[00402]  In addition, an embodiment of this application further provides a decoding apparatus, including a point
cloud memory and a point cloud decoder. The point cloud memory is configured to store point cloud data. The point
cloud decoder is configured to reconstruct geometry information of a to-be-decoded point cloud based on a first

occupancy map of one or more to-be-decoded patches in the to-be-decoded point cloud, where the one or more patches
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include the to-be-decoded patch, coordinates (x1, y1) of a first point of the to-be-decoded patch are obtained based on

coordinates (x2, y2) of a second point of the to-be-decoded patch and a rotation matrix, and the rotation matrix

corresponds to a rotation angle 0 of the to-be-decoded patch.

[00403] In a feasible implementation, that coordinates (x1, y1) of a first point of the to-be-decoded patch are
obtained based on coordinates (x2, y2) of a second point of the to-be-decoded patch and a rotation matrix means that
coordinates (x1, y1) of a point in a first occupancy map of the to-be-decoded patch are obtained based on coordinates
(x2, y2) of a point in a second occupancy map of the to-be-decoded patch and a rotation matrix.

[00404] In a feasible implementation, the coordinates (x1, y1) of the first point of the to-be-decoded patch are
coordinates (x1, y1) of a point in a first occupancy map of the to-be-decoded patch, and the coordinates (x2, y2) of
the second point of the to-be-decoded patch are coordinates (x2, y2) of a point in a second occupancy map of the to-
be-decoded patch.

[00405] In a feasible implementation, a first occupancy map of the to-be-decoded patch is obtained by

counterclockwise or clockwise counter-rotating a second occupancy map of the to-be-decoded patch by the rotation
angle 0 , or a second occupancy map of the to-be-decoded patch is obtained by counterclockwise or clockwise
rotating a first occupancy map of the to-be-decoded patch by the rotation angle 9.

[00406] In a feasible implementation, the rotation matrix is determined based on the rotation angle 0 oris

determined based on a functional relationship of the rotation angle 0

[00407]  Inafeasible implementation, the rotation matrix is represented as Lm 0 —cos¢ .

cosd —sin 6’}

[00408] In a feasible implementation, when the rotation angle 0 is 0°, the rotation matrix is represented as

1 0 0 -1
0 1| . 0 - oo . . 1 0], .
; when the rotation angle is 90°, the rotation matrix is represented as ; when the rotation

ol

angle 0 is 180°, the rotation matrix is represented as 01 ; and/or when the rotation angle 0 is 270°, the
S

rotation matrix is represented as -10 .

[00409]  In a feasible implementation, coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-

decoded patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the to-be-decoded patch satisfy

the following formula, where the coordinates (x2, y2) of the point P2 are obtained through rotation:
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X2 = x1cos @ —ylsin@

y2 =x1sin@ —ylcos &

[00410] FIG. 20 is a schematic block diagram of an encoder 210 according to an embodiment of this application.
The encoder 210 may include a prediction mode determining module 2101 and an auxiliary information encoding
module 2102. In an example, the prediction mode determining module 2101 may correspond to the prediction mode
determining module related in the foregoing descriptions of the encoder shown in FIG. 2, and the auxiliary information
encoding module 2102 may correspond to the auxiliary information encoding module 108 in FIG. 2. Certainly, this
application is not limited thereto.

[00411]  The following describes some feasible implementations of performing point cloud—based encoding by
the encoder 210.

[00412] In a feasible implementation, the prediction mode determining module 2101 is configured to determine
a prediction mode of a to-be-encoded point cloud from a candidate prediction mode set, where the candidate prediction
mode set includes an inter prediction mode and an intra prediction mode, and the prediction mode of the to-be-encoded
point cloud is used to determine a method for obtaining a tangent axis of a to-be-encoded patch in the to-be-encoded
point cloud and a bitangent axis of the to-be-encoded patch; and the auxiliary information encoding module 2102 is
configured to encode a syntax element into a bitstream, where the syntax element is used to indicate the method for
obtaining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, and the syntax
element includes information used to indicate the prediction mode of the to-be-encoded point cloud. For example, the
prediction mode determining module 2101 can be configured to perform S501 in FIG. 16, and the auxiliary
information encoding module 2102 can be configured to perform S502 in FIG. 16 and/or another step described in the
embodiments of this application.

[00413]  For cases in which the prediction mode of the to-be-encoded point cloud is the inter prediction mode or
the intra prediction mode, for related descriptions of the method for obtaining the tangent axis of the to-be-encoded
patch and the bitangent axis of the to-be-encoded patch, refer to the related designs in the fifth aspect in the summary
part or the related descriptions in the embodiment shown in FIG. 16.

[00414] FIG. 21 is a schematic block diagram of a decoder 220 according to an embodiment of this application.
The decoder 220 may include an auxiliary information decoding module 2201. In an example, the auxiliary
information decoding module 2201 may correspond to the auxiliary information decoding module 204 in FIG. 4.
Certainly, this application is not limited thereto.

[00415] In afeasible implementation, the auxiliary information decoding module 2201 is configured to: parse a
bitstream to obtain a syntax element, where the syntax element is used to indicate a method for obtaining a tangent
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axis of a to-be-decoded patch in a to-be-decoded point cloud and a bitangent axis of the to-be-decoded patch, the
syntax element includes information used to indicate a prediction mode of the to-be-decoded point cloud, and the
prediction mode of the to-be-decoded point cloud includes an inter prediction mode or an intra prediction mode; and
obtain the method for obtaining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded
patch according to the method, indicated by the syntax element, for obtaining the tangent axis of the to-be-decoded
patch and the bitangent axis of the to-be-decoded patch. For example, the auxiliary information decoding module 2201
can be configured to perform S601 and S602 in FIG. 17 and/or another step described in the embodiments of this
application.

[00416]  For cases in which the prediction mode of the to-be-encoded point cloud is the inter prediction mode or
the intra prediction mode, for related descriptions of the method for obtaining the tangent axis of the to-be-encoded
patch and the bitangent axis of the to-be-encoded patch, refer to the related designs in the fifth aspect in the summary
part or the related descriptions in the embodiment shown in FIG. 17.

[00417] It can be understood that the modules in the encoder/decoder in the embodiments of this application are
functional entities that implement various execution steps included in the point cloud encoding/decoding method
corresponding to this application. To be specific, the modules are functional entities that can implement all steps in
the point cloud encoding/decoding method corresponding to this application and extension and transformation of these
steps. For details, refer to descriptions of the image filtering method in this specification. For brevity, details are not
described in this specification.

[00418] FIG. 22 is a schematic block diagram of an implementation of an encoding device or a decoding device
(briefly referred to as a coding device 230 or a point cloud coding device 230) used in an embodiment of this
application. The coding device 230 may include a processor 2310, a memory 2330, and a bus system 2350. The
processor 2310 is connected to the memory 2330 through the bus system 2350. The memory 2330 is configured to
store an instruction, and the processor 2310 is configured to execute the instruction stored in the memory 2330, to
perform various point cloud encoding/decoding methods described in this application, and particularly a method for
performing filtering on a current picture block based on a block size of the current picture block. To avoid repetition,
details are not described herein again.

[00419] In this embodiment of this application, the processor 2310 may be a central processing unit (central
processing unit, CPU), or the processor 2310 may be another general-purpose processor, a DSP, an ASIC, an FPGA,
another programmable logic device, a discrete gate, a transistor logic device, a discrete hardware component, or the
like. The general-purpose processor may be a microprocessor, or may be any conventional processor or the like.
[00420]  The memory 2330 may include a ROM device or a RAM device. Any other appropriate type of storage
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device may also be used as the memory 2330. The memory 2330 may include code and data 2331 that are accessed
by the processor 2310 through the bus 2350. The memory 2330 may further include an operating system 2333 and an
application program 2335. The application program 2335 includes at least one program that enables the processor
2310 to perform the point cloud encoding/decoding method described in this application (particularly the method for
performing filtering on a current picture block based on a block size of the current picture block described in this
application). For example, the application program 2335 may include applications 1 to N, and further include a point
cloud encoding/decoding application (referred to as a point cloud coding application) for performing the point cloud
encoding/decoding method described in this application.

[00421]  The bus system 2350 may further include a power bus, a control bus, a status signal bus, and the like, in
addition to a data bus. However, for clear description, various types of buses in the figure are denoted as the bus
system 2350.

[00422]  Optionally, the coding device 230 may further include one or more output devices, such as a display
2370. In an example, the display 2370 may be a touchsensitive display that combines a display and a touch unit that
operably senses touch input. The display 2370 may be connected to the processor 2310 through the bus 2350.
[00423] A person skilled in the art can understand that, the functions described with reference to various
illustrative logical blocks, modules, and algorithm steps disclosed and described in this specification can be
implemented by hardware, software, firmware, or any combination thereof. If the functions are implemented by
software, the functions described with reference to the illustrative logical blocks, modules, and steps may be stored in
or transmitted over a computer-readable medium as one or more instructions or code and executed by a hardware-
based processing unit. The computer-readable medium may include a computer-readable storage medium, which
corresponds to a tangible medium such as a data storage medium, or a communications medium including any medium
that facilitates transfer of a computer program from one place to another place (for example, according to a
communication protocol). In this manner, the computer-readable medium may generally correspond to: (1) a non-
transitory tangible computer-readable storage medium, or (2) a communications medium such as a signal or a carrier.
The data storage medium may be any usable medium that can be accessed by one or more computers or one or more
processors to retrieve instructions, code, and/or data structures for implementing the technologies described in this
application. A computer program product may include a computer-readable medium.

[00424]  Asanexample but not a limitation, such computer-readable storage media may include a RAM, a ROM,
an EEPROM, a CD-ROM or another compact disc storage apparatus, a magnetic disk storage apparatus or another
magnetic storage apparatus, a flash memory, or any other medium that can be used to store desired program code in a
form of an instruction or a data structure and that can be accessed by a computer. In addition, any connection is
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properly termed a computer-readable medium. For example, if an instruction is transmitted from a website, a server,
or another remote source through a coaxial cable, an optical fiber, a twisted pair, a digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave technologies, the coaxial cable, the fiber optic cable, the
twisted pair, the DSL, or the wireless technologies such as infrared, radio, and microwave are included in a definition
of the medium. However, it should be understood that the computer-readable storage medium and the data storage
medium do not include connections, carriers, signals, or other transitory media, but actually mean non-transitory
tangible storage media. Disks and discs used in this specification include a compact disc (CD), a laser disc, an optical
disc, a DVD, and a Blu-ray disc. The disks usually reproduce data magnetically, whereas the discs reproduce data
optically with lasers. Combinations of the foregoing should also be included in the scope of the computer-readable
media.

[00425]  Aninstruction may be executed by one or more processors such as one or more digital signal processors
(DSP), general-purpose microprocessors, application-specific integrated circuits (ASIC), field programmable logic
arrays (FPGA), or other equivalent integrated circuit or discrete logic circuits. Therefore, the term "processor” used
in this specification may be any one of the foregoing structures or any other structure suitable for implementing the
technologies described in this specification. In addition, in some aspects, the functions described with reference to the
illustrative logical blocks, modules, and steps described in this specification may be provided within dedicated
hardware and/or software modules configured for encoding and decoding, or may be incorporated into a combined
codec. In addition, the technologies may be completely implemented in one or more circuits or logic elements. In an
example, various descriptive logical blocks, units, and modules in the encoder 100 and the decoder 200 can be
understood as corresponding circuit devices or logic elements.

[00426]  The technologies in this application may be implemented in various apparatuses or devices, including a
wireless handset, an integrated circuit (IC), or a set of ICs (for example, a chip set). Various components, modules, or
units are described in this application to emphasize functional aspects of the apparatuses configured to perform the
disclosed technologies, but are not necessarily implemented by different hardware units. Actually, as described above,
various units may be combined into a codec hardware unit in combination with appropriate software and/or firmware,
or may be provided by interoperable hardware units (including one or more processors described above).

[00427]  The foregoing descriptions are merely examples of specific implementations of this application, but are
not intended to limit the protection scope of this application. Any variation or replacement readily figured out by a
person skilled in the art within the technical scope disclosed in this application shall fall within the protection scope
of this application. Therefore, the protection scope of this application shall be subject to the protection scope of the
claims.
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CLAIMS

What is claimed is:

1. A point cloud encoding method, comprising:

acquiring a normal axis of a to-be-encoded patch patch in a to-be-encoded point cloud and description
information of a minimum bounding rectangle corresponding to the to-be-encoded patch, wherein the normal axis of
the to-be-encoded patch and the description information of the minimum bounding rectangle corresponding to the to-
be-encoded patch are used to determine a tangent axis of the to-be-encoded patch and a bitangent axis of the to-be-
encoded patch; and

encoding a syntax element into a bitstream, wherein the syntax element is used to indicate the tangent axis of the
to-be-encoded patch and the bitangent axis of the to-be-encoded patch, and the syntax element comprises an index of
the normal axis of the to-be-encoded patch and information used to indicate the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch.

2. The point cloud encoding method according to claim 1, wherein the description information of the minimum
bounding rectangle corresponding to the to-be-encoded patch comprises a relationship between sizes of sides of the
minimum bounding rectangle corresponding to the to-be-encoded patch.

3. The point cloud encoding method according to claim 2, wherein the information used to indicate the description
information of the minimum bounding rectangle corresponding to the to-be-encoded patch comprises an index of the
relationship between sizes of sides of the minimum bounding rectangle corresponding to the to-be-encoded patch, or
size information of the minimum bounding rectangle corresponding to the to-be-encoded patch.

4. The point cloud encoding method according to any one of claims 1 to 3, wherein the method further comprises:

determining the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch based
on the normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch; and

projecting the to-be-encoded patch from a three-dimensional space to a two-dimensional space based on the
tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch.

5. The point cloud encoding method according to claim 4, wherein the determining the tangent axis of the to-be-
encoded patch and the bitangent axis of the to-be-encoded patch based on the normal axis of the to-be-encoded patch
and the description information of the minimum bounding rectangle corresponding to the to-be-encoded patch
comprises:

determining, according to a projection rule, the tangent axis of the to-be-encoded patch and the bitangent axis of
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the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch, wherein the projection rule refers to
distribution, in the two-dimensional space, of an occupancy map obtained by projecting one or more patches in the
to-be-encoded point cloud to the two-dimensional space.

6. The point cloud encoding method according to claim 5, wherein the projection rule is preset, or the projection
rule is determined according to a rate-distortion cost criterion.

7. The point cloud encoding method according to claim 6, wherein if the projection rule is determined according
to the rate-distortion cost criterion, the syntax element further comprises information used to indicate the projection
rule.

8. The point cloud encoding method according to any one of claims 4 to 7, wherein the determining the tangent
axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch based on the normal axis of the to-
be-encoded patch and the description information of the minimum bounding rectangle corresponding to the to-be-
encoded patch comprises:

determining, based on a mapping relationship, a target tangent axis and a target bitangent axis that correspond to
both the normal axis of the to-be-encoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch, wherein the mapping relationship is a mapping relationship between the
following items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum
bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent
axes of the patch; and the target tangent axis is the tangent axis of the to-be-encoded patch, and the target bitangent
axis is the bitangent axis of the to-be-encoded patch.

9. The point cloud encoding method according to any one of claims 4 to 7, wherein the determining the tangent
axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch based on the normal axis of the to-
be-encoded patch and the description information of the minimum bounding rectangle corresponding to the to-be-
encoded patch comprises:

looking up a table based on the normal axis of the to-be-encoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-encoded patch, to obtain a target tangent axis and a target
bitangent axis that correspond to both the normal axis of the to-be-encoded patch and the description information of
the minimum bounding rectangle corresponding to the to-be-encoded patch, wherein the target tangent axis is the
tangent axis of the to-be-encoded patch, and the target bitangent axis is the bitangent axis of the to-be-encoded patch,
and the table comprises a mapping relationship between the following items: a plurality of normal axes of a patch, a
plurality of types of description information of a minimum bounding rectangle corresponding to the patch, a plurality
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of tangent axes of the patch, and a plurality of bitangent axes of the patch.

10. The point cloud encoding method according to any one of claims 1 to 3, wherein

if a projection rule indicates vertical projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-encoded patch is located is the bitangent axis of the to-be-encoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-encoded patch is located
is the tangent axis of the to-be-encoded patch; or

if a projection rule indicates horizontal projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-encoded patch is located is the tangent axis of the to-be-encoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-encoded patch is located
is the bitangent axis of the to-be-encoded patch; wherein

the projection rule refers to distribution, in a two-dimensional space, of an occupancy map obtained by projecting
one or more patches in the to-be-encoded point cloud to the two-dimensional space, and the normal axis of the to-be-
encoded patch is perpendicular to the two-dimensional space.

11. A point cloud decoding method, comprising:

parsing a bitstream to obtain a syntax element, wherein the syntax element comprises an index of a normal axis
of a to-be-decoded patch patch in a to-be-decoded point cloud and information used to indicate description information
of a minimum bounding rectangle corresponding to the to-be-decoded patch;

determining a tangent axis of the to-be-decoded patch and a bitangent axis of the to-be-decoded patch based on
the index of the normal axis of the to-be-decoded patch and the information used to indicate the description
information of the minimum bounding rectangle corresponding to the to-be-decoded patch, wherein the index and the
information are obtained through parsing; and

reconstructing geometry information of the to-be-decoded point cloud based on a tangent axis and a bitangent
axis of one or more patches in the to-be-decoded point cloud, wherein the one or more patches comprise the to-be-
decoded patch.

12. The point cloud decoding method according to claim 11, wherein the description information of the minimum
bounding rectangle corresponding to the to-be-decoded patch comprises a relationship between sizes of sides of the
minimum bounding rectangle corresponding to the to-be-decoded patch.

13. The point cloud decoding method according to claim 12, wherein the information used to indicate the
description information of the minimum bounding rectangle corresponding to the to-be-decoded patch comprises an
index of the relationship between sizes of sides of the minimum bounding rectangle corresponding to the to-be-
decoded patch, or size information of the minimum bounding rectangle corresponding to the to-be-decoded patch.
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14. The point cloud decoding method according to any one of claims 11 to 13, wherein the determining a tangent
axis of the to-be-decoded patch and a bitangent axis of the to-be-decoded patch based on the index of the normal axis
of the to-be-decoded patch and the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-decoded patch, wherein the index and the information are obtained through
parsing comprises:

determining, according to a projection rule, the tangent axis of the to-be-decoded patch and the bitangent axis of
the to-be-decoded patch based on the normal axis of the to-be-decoded patch and the description information of the
minimum bounding rectangle corresponding to the to-be-decoded patch, wherein the projection rule refers to
distribution, in a two-dimensional space, of an occupancy map obtained by projecting one or more patches in the to-
be-decoded point cloud to the two-dimensional space.

15. The point cloud decoding method according to claim 14, wherein the projection rule is preset; or the syntax
element further comprises information used to indicate the projection rule, and correspondingly, the projection rule is
a projection rule indicated by the syntax element that is obtained by parsing the bitstream.

16. The point cloud decoding method according to any one of claims 11 to 15, wherein the determining a tangent
axis of the to-be-decoded patch and a bitangent axis of the to-be-decoded patch based on the index of the normal axis
of the to-be-decoded patch and the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-decoded patch, wherein the index and the information are obtained through
parsing comprises:

determining, based on a mapping relationship, a target tangent axis and a target bitangent axis that correspond to
both the normal axis of the to-be-decoded patch and the description information of the minimum bounding rectangle
corresponding to the to-be-decoded patch, wherein the mapping relationship is a mapping relationship between the
following items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum
bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent
axes of the patch; and the target tangent axis is the tangent axis of the to-be-decoded patch, and the target bitangent
axis is the bitangent axis of the to-be-decoded patch.

17. The point cloud decoding method according to any one of claims 11 to 15, wherein the determining a tangent
axis of the to-be-decoded patch and a bitangent axis of the to-be-decoded patch based on the index of the normal axis
of the to-be-decoded patch and the information used to indicate the description information of the minimum bounding
rectangle corresponding to the to-be-decoded patch, wherein the index and the information are obtained through
parsing comprises:

looking up a table based on the normal axis of the to-be-decoded patch and the description information of the
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minimum bounding rectangle corresponding to the to-be-decoded patch, to obtain a target tangent axis and a target
bitangent axis that correspond to both the normal axis of the to-be-decoded patch and the description information of
the minimum bounding rectangle corresponding to the to-be-decoded patch, wherein the target tangent axis is the
tangent axis of the to-be-decoded patch, and the target bitangent axis is the bitangent axis of the to-be-decoded patch,
and the table comprises a mapping relationship between the following items: a plurality of normal axes of a patch, a
plurality of types of description information of a minimum bounding rectangle corresponding to the patch, a plurality
of tangent axes of the patch, and a plurality of bitangent axes of the patch.

18. The point cloud decoding method according to any one of claims 11 to 13, wherein

if a projection rule indicates vertical projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-decoded patch is located is the bitangent axis of the to-be-decoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-decoded patch is located
is the tangent axis of the to-be-decoded patch; or

if a projection rule indicates horizontal projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-decoded patch is located is the tangent axis of the to-be-decoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-decoded patch is located
is the bitangent axis of the to-be-decoded patch; wherein

the projection rule refers to distribution, in a two-dimensional space, of an occupancy map obtained by projecting
one or more patches in the to-be-decoded point cloud to the two-dimensional space, and the normal axis of the to-be-
decoded patch is perpendicular to the two-dimensional space.

19. A point cloud encoding method, comprising:

obtaining a reference tangent axis of a to-be-encoded patch patch in a to-be-encoded point cloud and a reference
bitangent axis of the to-be-encoded patch;

determining a tangent axis of the to-be-encoded patch and a bitangent axis of the to-be-encoded patch based on
the reference tangent axis of the to-be-encoded patch and the reference bitangent axis of the to-be-encoded patch,

wherein a rotation angle of the tangent axis of the to-be-encoded patch relative to the reference tangent axis of the to-
be-encoded patch is 6 , and a rotation angle of the bitangent axis of the to-be-encoded patch relative to the reference

bitangent axis of the to-be-encoded patch is 0 ; and
encoding a syntax element into a bitstream, wherein the syntax element is used to indicate the tangent axis of the

to-be-encoded patch and the bitangent axis of the to-be-encoded patch, and the syntax element comprises an index of

a normal axis of the to-be-encoded patch and information used to indicate the rotation angle 6 of the to-be-encoded
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patch.

20. The point cloud encoding method according to claim 19, wherein the information used to indicate the rotation

angle 6 of the to-be-encoded patch comprises: the rotation angle 6, or an index of the rotation angle 6 , or an
identifier of a patch that matches the to-be-encoded patch.

21. The point cloud encoding method according to claim 20, wherein the identifier of the patch that matches the
to-be-encoded patch is used to indicate an index of the patch that matches the to-be-encoded patch, or used to indicate
that there are the patch that matches the to-be-encoded patch in an encoded point cloud and an index of the patch that
matches the to-be-encoded patch.

22. The point cloud encoding method according to any one of claims 19 to 21, wherein the method further

comprises:

determining the rotation angle 0 from a plurality of candidate rotation angles according to a rate-distortion
cost criterion; or

obtaining a rotation angle of the patch that matches the to-be-encoded patch from the encoded point cloud, and

using the obtained rotation angle as the rotation angle 0 of the to-be-encoded patch.

23. The point cloud encoding method according to any one of claims 19 to 22, wherein the method further
comprises:

projecting the to-be-encoded patch from a three-dimensional space to a two-dimensional space based on the
tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch, to obtain an occupancy map
of the to-be-encoded patch; and

determining a minimum bounding rectangle of the occupancy map of the to-be-encoded patch; wherein

the syntax element further comprises size information of the minimum bounding rectangle of the occupancy map
of the to-be-encoded patch.

24. A point cloud decoding method, comprising:

parsing a bitstream to obtain a syntax element, wherein the syntax element comprises an index of a normal axis

of a to-be-decoded patch patch in a to-be-decoded point cloud and information used to indicate a rotation angle 6
of the to-be-decoded patch;
obtaining a reference tangent axis of the to-be-decoded patch and a reference bitangent axis of the to-be-decoded
patch based on the index of the normal axis of the to-be-decoded patch, wherein the index is obtained through parsing;
determining a tangent axis of the patch and a bitangent axis of the patch based on the reference tangent axis of

the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the information that is used to
86



10

15

20

25

indicate the rotation angle 0 of the to-be-decoded patch and that is obtained through parsing; and

reconstructing geometry information of the to-be-decoded point cloud based on a tangent axis and a bitangent
axis of one or more patches in the to-be-decoded point cloud, wherein the one or more patches comprise the to-be-
decoded patch.

25. The point cloud decoding method according to claim 24, wherein the information used to indicate the rotation

angle 0 of the to-be-decoded patch comprises: the rotation angle 6, or an index of the rotation angle 0 , Or an
identifier of a patch that matches the to-be-decoded patch.

26. The point cloud decoding method according to claim 25, wherein the identifier of the patch that matches the
to-be-decoded patch is used to indicate an index of the patch that matches the to-be-decoded patch, or used to indicate
whether there are the patch that matches the to-be-decoded patch in a decoded point cloud and an index of the patch
that matches the to-be-decoded patch.

27. The point cloud decoding method according to claim 25 or 26, wherein the information used to indicate the

rotation angle 0 of the to-be-decoded patch comprises the identifier of the patch that matches the to-be-decoded
patch, and the determining a tangent axis of the patch and a bitangent axis of the patch based on the reference tangent

axis of the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the information that is

used to indicate the rotation angle 6 of the to-be-decoded patch and that is obtained through parsing comprises:

determining, based on the identifier that is of the patch matching the to-be-decoded patch and that is obtained

through parsing, the patch that matches the to-be-decoded patch, and obtaining a rotation angle 0 of the patch that
matches the to-be-decoded patch; and
determining the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based

on the reference tangent axis of the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and

the rotation angle 0

28. The point cloud decoding method according to any one of claims 24 to 27, wherein the syntax element further
comprises size information of a minimum bounding rectangle of an occupancy map of the to-be-decoded patch, and
the reconstructing geometry information of the to-be-decoded point cloud based on a tangent axis and a bitangent axis
of one or more patches in the to-be-decoded point cloud comprises:

reconstructing the geometry information of the to-be-decoded point cloud based on the tangent axis and the
bitangent axis of the one or more patches in the to-be-decoded point cloud and the size information of the minimum
bounding rectangle of the occupancy map of the to-be-decoded patch, wherein the size information is obtained by

87



10

15

20

25

30

parsing the bitstream.

29. An encoder, comprising:

a patch patch information generation module, configured to acquire a normal axis of a to-be-encoded patch in a
to-be-encoded point cloud and description information of a minimum bounding rectangle corresponding to the to-be-
encoded patch, wherein the normal axis of the to-be-encoded patch and the description information of the minimum
bounding rectangle corresponding to the to-be-encoded patch are used to determine a tangent axis of the to-be-encoded
patch and a bitangent axis of the to-be-encoded patch; and

an auxiliary information encoding module, configured to encode a syntax element into a bitstream, wherein the
syntax element is used to indicate the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-
encoded patch, and the syntax element comprises an index of the normal axis of the to-be-encoded patch and
information used to indicate the description information of the minimum bounding rectangle corresponding to the to-
be-encoded patch.

30. The encoder according to claim 29, wherein the description information of the minimum bounding rectangle
corresponding to the to-be-encoded patch comprises a relationship between sizes of sides of the minimum bounding
rectangle corresponding to the to-be-encoded patch.

31. The encoder according to claim 30, wherein the information used to indicate the description information of
the minimum bounding rectangle corresponding to the to-be-encoded patch comprises an index of the relationship
between sizes of sides of the minimum bounding rectangle corresponding to the to-be-encoded patch, or size
information of the minimum bounding rectangle corresponding to the to-be-encoded patch.

32. The encoder according to any one of claims 29 to 31, wherein

the patch information generation module is further configured to: determine the tangent axis of the to-be-encoded
patch and the bitangent axis of the to-be-encoded patch based on the normal axis of the to-be-encoded patch and the
description information of the minimum bounding rectangle corresponding to the to-be-encoded patch; and project
the to-be-encoded patch from a three-dimensional space to a two-dimensional space based on the tangent axis of the
to-be-encoded patch and the bitangent axis of the to-be-encoded patch.

33. The encoder according to claim 32, wherein

the patch information generation module is specifically configured to: determine, according to a projection rule,
the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-encoded patch based on the normal axis
of the to-be-encoded patch and the description information of the minimum bounding rectangle corresponding to the
to-be-encoded patch, wherein the projection rule refers to distribution, in the two-dimensional space, of an occupancy
map obtained by projecting one or more patches in the to-be-encoded point cloud to the two-dimensional space.
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34. The encoder according to claim 33, wherein the projection rule is preset, or the projection rule is determined
according to a rate-distortion cost criterion.

35. The encoder according to claim 34, wherein if the projection rule is determined according to the rate-
distortion cost criterion, the syntax element further comprises information used to indicate the projection rule.

36. The encoder according to any one of claims 32 to 35, wherein

the patch information generation module is specifically configured to: determine, based on a mapping
relationship, a target tangent axis and a target bitangent axis that correspond to both the normal axis of the to-be-
encoded patch and the description information of the minimum bounding rectangle corresponding to the to-be-
encoded patch, wherein the mapping relationship is a mapping relationship between the following items: a plurality
of normal axes of a patch, a plurality of types of description information of a minimum bounding rectangle
corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the patch; and
the target tangent axis is the tangent axis of the to-be-encoded patch, and the target bitangent axis is the bitangent axis
of the to-be-encoded patch.

37. The encoder according to any one of claims 32 to 35, wherein

the patch information generation module is specifically configured to: look up a table based on the normal axis
of the to-be-encoded patch and the description information of the minimum bounding rectangle corresponding to the
to-be-encoded patch, to obtain a target tangent axis and a target bitangent axis that correspond to both the normal axis
of the to-be-encoded patch and the description information of the minimum bounding rectangle corresponding to the
to-be-encoded patch, wherein the target tangent axis is the tangent axis of the to-be-encoded patch, and the target
bitangent axis is the bitangent axis of the to-be-encoded patch, and the table comprises a mapping relationship between
the following items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum
bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent
axes of the patch.

38. The encoder according to any one of claims 29 to 31, wherein

if a projection rule indicates vertical projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-encoded patch is located is the bitangent axis of the to-be-encoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-encoded patch is located
is the tangent axis of the to-be-encoded patch; or

if a projection rule indicates horizontal projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-encoded patch is located is the tangent axis of the to-be-encoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-encoded patch is located
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is the bitangent axis of the to-be-encoded patch; wherein

the projection rule refers to distribution, in a two-dimensional space, of an occupancy map obtained by projecting
one or more patches in the to-be-encoded point cloud to the two-dimensional space, and the normal axis of the to-be-
encoded patch is perpendicular to the two-dimensional space.

39. A decoder, comprising:

an auxiliary information decoding module, configured to: parse a bitstream to obtain a syntax element, wherein
the syntax element comprises an index of a normal axis of a to-be-decoded patch patch in a to-be-decoded point cloud
and information used to indicate description information of a minimum bounding rectangle corresponding to the to-
be-decoded patch; and determine a tangent axis of the to-be-decoded patch and a bitangent axis of the to-be-decoded
patch based on the index of the normal axis of the to-be-decoded patch and the information used to indicate the
description information of the minimum bounding rectangle corresponding to the to-be-decoded patch, wherein the
index and the information are obtained through parsing; and

a point cloud geometry information reconstruction module, configured to reconstruct geometry information of
the to-be-decoded point cloud based on a tangent axis and a bitangent axis of one or more patches in the to-be-decoded
point cloud, wherein the one or more patches comprise the to-be-decoded patch.

40. The decoder according to claim 39, wherein the description information of the minimum bounding rectangle
corresponding to the to-be-decoded patch comprises a relationship between sizes of sides of the minimum bounding
rectangle corresponding to the to-be-decoded patch.

41. The decoder according to claim 40, wherein the information used to indicate the description information of
the minimum bounding rectangle corresponding to the to-be-decoded patch comprises an index of the relationship
between sizes of sides of the minimum bounding rectangle corresponding to the to-be-decoded patch, or size
information of the minimum bounding rectangle corresponding to the to-be-decoded patch.

42. The decoder according to any one of claims 39 to 41, wherein

the auxiliary information decoding module is specifically configured to determine, according to a projection rule,
the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the normal axis
of the to-be-decoded patch and the description information of the minimum bounding rectangle corresponding to the
to-be-decoded patch, wherein the projection rule refers to distribution, in a two-dimensional space, of an occupancy
map obtained by projecting one or more patches in the to-be-decoded point cloud to the two-dimensional space.

43. The decoder according to claim 42, wherein the projection rule is preset; or the syntax element further
comprises information used to indicate the projection rule, and correspondingly, the projection rule is a projection rule
indicated by the syntax element that is obtained by parsing the bitstream.
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44. The decoder according to any one of claims 39 to 43, wherein

the auxiliary information decoding module is specifically configured to: determine, based on a mapping
relationship, a target tangent axis and a target bitangent axis that correspond to both the normal axis of the to-be-
decoded patch and the description information of the minimum bounding rectangle corresponding to the to-be-
decoded patch, wherein the mapping relationship is a mapping relationship between the following items: a plurality
of normal axes of a patch, a plurality of types of description information of a minimum bounding rectangle
corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent axes of the patch; and
the target tangent axis is the tangent axis of the to-be-decoded patch, and the target bitangent axis is the bitangent axis
of the to-be-decoded patch.

45. The decoder according to any one of claims 39 to 43, wherein

the auxiliary information decoding module is specifically configured to: look up a table based on the normal axis
of the to-be-decoded patch and the description information of the minimum bounding rectangle corresponding to the
to-be-decoded patch, to obtain a target tangent axis and a target bitangent axis that correspond to both the normal axis
of the to-be-decoded patch and the description information of the minimum bounding rectangle corresponding to the
to-be-decoded patch, wherein the target tangent axis is the tangent axis of the to-be-decoded patch, and the target
bitangent axis is the bitangent axis of the to-be-decoded patch, and the table comprises a mapping relationship between
the following items: a plurality of normal axes of a patch, a plurality of types of description information of a minimum
bounding rectangle corresponding to the patch, a plurality of tangent axes of the patch, and a plurality of bitangent
axes of the patch.

46. The decoder according to any one of claims 39 to 41, wherein

if a projection rule indicates vertical projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-decoded patch is located is the bitangent axis of the to-be-decoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-decoded patch is located
is the tangent axis of the to-be-decoded patch; or

if a projection rule indicates horizontal projection, an axis on which a longest side of the minimum bounding
rectangle corresponding to the to-be-decoded patch is located is the tangent axis of the to-be-decoded patch, and an
axis on which a shortest side of the minimum bounding rectangle corresponding to the to-be-decoded patch is located
is the bitangent axis of the to-be-decoded patch; wherein

the projection rule refers to distribution, in a two-dimensional space, of an occupancy map obtained by projecting
one or more patches in the to-be-decoded point cloud to the two-dimensional space, and the normal axis of the to-be-
decoded patch is perpendicular to the two-dimensional space.
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47. An encoder, comprising:

a patch patch information generation module, configured to: obtain a reference tangent axis of a to-be-encoded
patch in a to-be-encoded point cloud and a reference bitangent axis of the to-be-encoded patch; and determine a tangent
axis of the to-be-encoded patch and a bitangent axis of the to-be-encoded patch based on the reference tangent axis of

the to-be-encoded patch and the reference bitangent axis of the to-be-encoded patch, wherein a rotation angle of the

tangent axis of the to-be-encoded patch relative to the reference tangent axis of the to-be-encoded patch is 0 ,and a

rotation angle of the bitangent axis of the to-be-encoded patch relative to the reference bitangent axis of the to-be-

encoded patch is 0 ;and
an auxiliary information encoding module, configured to encode a syntax element into a bitstream, wherein the
syntax element is used to indicate the tangent axis of the to-be-encoded patch and the bitangent axis of the to-be-

encoded patch, and the syntax element comprises an index of a normal axis of the to-be-encoded patch and information
used to indicate the rotation angle 0 of the to-be-encoded patch.
48. The encoder according to claim 47, wherein the information used to indicate the rotation angle 0 of the to-

be-encoded patch comprises: the rotation angle 0 , or an index of the rotation angle 0 , or an identifier of a patch
that matches the to-be-encoded patch.

49. The encoder according to claim 48, wherein the identifier of the patch that matches the to-be-encoded patch
is used to indicate an index of the patch that matches the to-be-encoded patch, or used to indicate that there are the
patch that matches the to-be-encoded patch in an encoded point cloud and an index of the patch that matches the to-
be-encoded patch.

50. The encoder according to any one of claims 47 to 49, wherein

the patch information generation module is further configured to: determine the rotation angle 0 from a
plurality of candidate rotation angles according to a rate-distortion cost criterion; or obtain a rotation angle of the patch

that matches the to-be-encoded patch from the encoded point cloud, and use the obtained rotation angle as the rotation

angle 0 of the to-be-encoded patch.

51. The encoder according to any one of claims 47 to 50, wherein

the patch information generation module is further configured to: project the to-be-encoded patch from a three-
dimensional space to a two-dimensional space based on the tangent axis of the to-be-encoded patch and the bitangent
axis of the to-be-encoded patch, to obtain an occupancy map of the to-be-encoded patch; and determine a minimum

bounding rectangle of the occupancy map of the to-be-encoded patch; wherein the syntax element further comprises
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size information of the minimum bounding rectangle of the occupancy map of the to-be-encoded patch.
52. A decoder, comprising:
an auxiliary information decoding module, configured to: parse a bitstream to obtain a syntax element, wherein

the syntax element comprises an index of a normal axis of a to-be-decoded patch patch in a to-be-decoded point cloud

and information used to indicate a rotation angle 0 of the to-be-decoded patch; obtain a reference tangent axis of
the to-be-decoded patch and a reference bitangent axis of the to-be-decoded patch based on the index of the normal
axis of the to-be-decoded patch, wherein the index is obtained through parsing; and determine a tangent axis of the

patch and a bitangent axis of the patch based on the reference tangent axis of the to-be-decoded patch, the reference

bitangent axis of the to-be-decoded patch, and the information that is used to indicate the rotation angle 0 of the to-
be-decoded patch and that is obtained through parsing; and

a point cloud geometry information reconstruction module, configured to reconstruct geometry information of
the to-be-decoded point cloud based on a tangent axis and a bitangent axis of one or more patches in the to-be-decoded

point cloud, wherein the one or more patches comprise the to-be-decoded patch.
53. The decoder according to claim 52, wherein the information used to indicate the rotation angle 0 of the to-

be-decoded patch comprises: the rotation angle 0 , or an index of the rotation angle 0 , or an identifier of a patch
that matches the to-be-decoded patch.

54. The decoder according to claim 53, wherein the identifier of the patch that matches the to-be-decoded patch
is used to indicate an index of the patch that matches the to-be-decoded patch, or used to indicate whether there are
the patch that matches the to-be-decoded patch in a decoded point cloud and an index of the patch that matches the

to-be-decoded patch.

55. The decoder according to claim 53 or 54, wherein the information used to indicate the rotation angle 0 of
the to-be-decoded patch comprises the identifier of the patch that matches the to-be-decoded patch; and
the auxiliary information decoding module is specifically configured to: determine, based on the identifier that

is of the patch matching the to-be-decoded patch and that is obtained through parsing, the patch that matches the to-

be-decoded patch, and obtain a rotation angle 6 of the patch that matches the to-be-decoded patch; and determine
the tangent axis of the to-be-decoded patch and the bitangent axis of the to-be-decoded patch based on the reference

tangent axis of the to-be-decoded patch, the reference bitangent axis of the to-be-decoded patch, and the rotation angle
e .

56. The decoder according to any one of claims 52 to 55, wherein the syntax element further comprises size
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information of a minimum bounding rectangle of an occupancy map of the to-be-decoded patch; and

the point cloud geometry information reconstruction module is specifically configured to: reconstruct the
geometry information of the to-be-decoded point cloud based on the tangent axis and the bitangent axis of the one or
more patches in the to-be-decoded point cloud and the size information of the minimum bounding rectangle of the
occupancy map of the to-be-decoded patch, wherein the size information is obtained by parsing the bitstream.

57. A point cloud encoding method, comprising:

projecting a to-be-encoded patch patch from a three-dimensional space to a two-dimensional space, to obtain a
first occupancy map of the to-be-encoded patch;

obtaining a second occupancy map of the to-be-encoded patch, wherein the second occupancy map of the to-be-

encoded patch is obtained by counterclockwise or clockwise rotating the first occupancy map of the to-be-encoded

patch by a rotation angle 9; and

encoding a syntax element into a bitstream, wherein the syntax element comprises information used to indicate

the rotation angle ‘9.
58. The method according to claim 57, wherein coordinates (x2, y2) of a point in the second occupancy map of
the to-be-encoded patch are obtained based on coordinates (x1, y1) of a point in the first occupancy map of the to-be-

encoded patch and a rotation matrix, wherein the rotation matrix corresponds to the rotation angle.
59. The method according to claim 58, wherein the rotation matrix is determined based on the rotation angle 0,

or is determined based on a functional relationship of the rotation angle 0

60. The method according to claim 58 or 59, wherein

cosd —sin 6’}

the rotation matrix is represented as Lm o —cos¢ .

61. The method according to claim 60, wherein

F 0 }
when the rotation angle 0 is 0°, the rotation matrix is represented as 0 -1 ;

0 -1
. 0 < oe S 1 0]
when the rotation angle is 90°, the rotation matrix is represented as ;

-1 0
. 0 1ano : - 0 1].
when the rotation angle is 180°, the rotation matrix is represented as ; and/or
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: [ : - -10
when the rotation angle is 270°, the rotation matrix is represented as .

62. The method according to claim 57, wherein coordinates (x1, y1) of a point P1 in the first occupancy map of
the to-be-encoded patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the to-be-encoded
patch satisfy the following formula, wherein the coordinates (x2, y2) of the point P2 are obtained through rotation:

X2 = x1cos @ —ylsinéd
y2 =x1lsind -ylcoso

63. The method according to claim 57, wherein coordinates (x2, y2) of P2 in the second occupancy map of the
to-be-encoded patch are obtained according to the following formula:

X2 = x1cos @ —ylsinéd

y2 = x1sind —ylcos @

, wherein

(x1, y1) represents coordinates of a point P1 in the first occupancy map of the to-be-encoded patch, and 0
represents the rotation angle.

64. The method according to any one of claims 57 to 63, wherein the second occupancy map is obtained by

counterclockwise or clockwise rotating the first occupancy map of the to-be-encoded patch by the rotation angle 0
around a coordinate origin of a coordinate system constituted by a first tangent axis and a first bitangent axis.

65. The method according to any one of claims 57 to 64, wherein the information used to indicate the rotation

angle 0 is an index used to indicate the rotation angle 9.

66. The method according to claim 57, wherein a rotation angle by which a second tangent axis of the to-be-

encoded patch rotates relative to a first tangent axis of the to-be-encoded patch is 0 , and a rotation angle by which a
second bitangent axis of the to-be-encoded patch rotates relative to a first bitangent axis of the to-be-encoded patch is
e .

67. A point cloud decoding method, comprising:

parsing a bitstream to obtain a syntax element, wherein the syntax element comprises information used to indicate

a rotation angle 0 of the to-be-decoded patch;

obtaining a second occupancy map of the to-be-decoded patch;

obtaining a first occupancy map of the to-be-decoded patch, wherein the first occupancy map of the to-be-
decoded patch is obtained by counterclockwise or clockwise counter-rotating the second occupancy map of the to-be-

decoded patch by the rotation angle 0 ; and
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reconstructing geometry information of the to-be-decoded point cloud based on a first occupancy map of one or
more patches in the to-be-decoded point cloud, wherein the one or more patches comprise the to-be-decoded patch.

68. The method according to claim 67, wherein coordinates (x1, y1) of a point in the first occupancy map of the
to-be-decoded patch are obtained based on coordinates (x2, y2) of a point in the second occupancy map of the to-be-

5  decoded patch and a rotation matrix, wherein the rotation matrix corresponds to the rotation angle.
69. The method according to claim 68, wherein the rotation matrix is determined based on the rotation angle ‘9,

or is determined based on a functional relationship of the rotation angle 9.
70. The method according to claim 68 or 69, wherein

cosfd -sind

sin@d —cosé

the rotation matrix is represented as { } or the rotation matrix is represented as an inverse

cosd —sin 0}

10  matrix of ng —Cosd

71. The method according to claim 70, wherein

0 -1

{ }

when the rotation angle © s 0°, the rotation matrix is represented as ;
0 -1

when the rotation angle © s 90°, the rotation matrix is represented as 1 ;

when the rotation angle 0 is 180°, the rotation matrix is represented as L - ; and/or

15 when the rotation angle 0 is 270°, the rotation matrix is represented as

72. The method according to claim 70, wherein
1 0
. 0 o S . |0 -1
when the rotation angle is 0°, the rotation matrix is represented as an inverse matrix of ;

[O I }
when the rotation angle 0 is 90°, the rotation matrix is represented as an inverse matrix of 10 ;

{_1 0}
when the rotation angle 6 is 180°, the rotation matrix is represented as an inverse matrix of 0 ; and/or

1
[ 0 ]}
20 when the rotation angle 0 is 270°, the rotation matrix is represented as an inverse matrix of -1 0 .
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73. The method according to claim 67, wherein coordinates (x2, y2) of a point P2 in the second occupancy map
of the to-be-decoded patch and coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-decoded
patch satisfy the following formula, wherein the coordinates (x1, y1) of the point P1 are obtained through counter-
rotation:

X2 = x1cos @ —ylsinég x1 = x2cos @ +y2siné

y2 =x1sin® -ylcosd , yl= -x2sin@ —y2cosd

74. The method according to claim 67, wherein coordinates (x1, y1) of a point P1 in the first occupancy map of
the to-be-decoded patch are obtained according to the following formula:

X2 = x1cos @ —ylsinég X1 = x2cos @ +y2siné

y2 =x1sin@ -ylcosd , yl= -x2sin@ —y2cos o

, Wherein

(x2, y2) represents coordinates of a point P2 in the second occupancy map of the to-be-decoded patch, and 0
represents the rotation angle.
75. The method according to any one of claims 67 to 74, wherein the first occupancy map of the to-be-decoded

patch is obtained by counterclockwise or clockwise counter-rotating the second occupancy map of the to-be-decoded

patch by the rotation angle 0 around a coordinate origin of a coordinate system constituted by a first tangent axis
and a first bitangent axis.

76. The method according to any one of claims 67 to 75, wherein the information used to indicate the rotation

angle 0 is an index used to indicate the rotation angle 9.

77. The method according to claim 67, wherein a rotation angle by which a second tangent axis of the to-be-

decoded patch rotates relative to a first tangent axis of the to-be-decoded patch is 0 , and a rotation angle by which a

second bitangent axis of the to-be-decoded patch rotates relative to a first bitangent axis of the to-be-decoded patch is
e .

78. The method according to any one of claims 67 to 77, wherein the obtaining a second occupancy map of the
to-be-decoded patch comprises:

parsing the bitstream to obtain the second occupancy map of the to-be-decoded patch; or

parsing the bitstream to obtain information that is used to indicate the second occupancy map of the to-be-
decoded patch, and obtaining the second occupancy map of the to-be-decoded patch based on the information that is
used to indicate the second occupancy map of the to-be-decoded patch.

79. A point cloud encoding method, comprising:
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projecting a to-be-encoded patch patch from a three-dimensional space to a two-dimensional space, to obtain a
first occupancy map of the to-be-encoded patch;

obtaining a second occupancy map of the to-be-encoded patch, wherein coordinates (x2, y2) of a point in the
second occupancy map of the to-be-encoded patch are obtained based on coordinates (x1, y1) of a point in the first

5  occupancy map of the to-be-encoded patch and a rotation matrix, wherein the rotation matrix corresponds to a rotation

angle 0; and

encoding a syntax element into a bitstream, wherein the syntax element comprises information used to indicate
the rotation angle ‘9.
80. The method according to claim 79, wherein the rotation matrix is determined based on the rotation angle 0,

10  oris determined based on a functional relationship of the rotation angle 0

81. The method according to claim 79 or 80, wherein

cosd —sin 6’}

the rotation matrix is represented as Lm 0 —cos¢ .

82. The method according to claim 81, wherein

F 0}
when the rotation angle 0 is 0°, the rotation matrix is represented as 0 -1 X

0 -1
. 0 i< one S 1 0]
15 when the rotation angle is 90°, the rotation matrix is represented as X

when the rotation angle 0 is 180°, the rotation matrix is represented as L - and/or
0 1]
__1 0_

when the rotation angle 0 is 270°, the rotation matrix is represented as

83. The method according to any one of claims 79 to 82, wherein coordinates (x1, y1) of a point P1 in the first
occupancy map of the to-be-encoded patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the
20  to-be-encoded patch satisfy the following formula, wherein the coordinates (x2, y2) of the point P2 are obtained
through rotation:
X2 = x1cos @ —ylsiné@
y2 = x1sin6® —ylcos @&
84. A point cloud decoding method, comprising:

reconstructing geometry information of a to-be-decoded point cloud based on a first occupancy map of one or
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more to-be-decoded patches patches in the to-be-decoded point cloud, wherein the one or more patches comprise the
to-be-decoded patch, coordinates (x1, y1) of a first point of the to-be-decoded patch are obtained based on coordinates

(x2, y2) of a second point of the to-be-decoded patch and a rotation matrix, and the rotation matrix corresponds to a

rotation angle 0 of the to-be-decoded patch.

85. The method according to claim 84, wherein that coordinates (x1, y1) of a first point of the to-be-decoded
patch are obtained based on coordinates (x2, y2) of a second point of the to-be-decoded patch and a rotation matrix
means that coordinates (x1, y1) of a point in a first occupancy map of the to-be-decoded patch are obtained based on
coordinates (x2, y2) of a point in a second occupancy map of the to-be-decoded patch and a rotation matrix.

86. The method according to claim 84, wherein the coordinates (x1, y1) of the first point of the to-be-decoded
patch are coordinates (x1, y1) of a point in a first occupancy map of the to-be-decoded patch, and the coordinates (x2,
y2) of the second point of the to-be-decoded patch are coordinates (x2, y2) of a point in a second occupancy map of
the to-be-decoded patch.

87. The method according to claim 84, wherein a first occupancy map of the to-be-decoded patch is obtained by

counterclockwise or clockwise counter-rotating a second occupancy map of the to-be-decoded patch by the rotation
angle 0 , or a second occupancy map of the to-be-decoded patch is obtained by counterclockwise or clockwise

rotating a first occupancy map of the to-be-decoded patch by the rotation angle ‘9.

88. The method according to any one of claims 84 to 87, wherein the rotation matrix is determined based on the

rotation angle ‘9, or is determined based on a functional relationship of the rotation angle 0
89. The method according to any one of claims 84 to 88, wherein

cosd —sin 6’}

the rotation matrix is represented as Lm o —cos¢ .

90. The method according to claim 89, wherein

F 0 }
when the rotation angle 0 is 0°, the rotation matrix is represented as 0 -1 ;

0 -1
. 0 < oe S 1 0]
when the rotation angle is 90°, the rotation matrix is represented as ;

-1 0
. 0 1ano : - 0 1].
when the rotation angle is 180°, the rotation matrix is represented as ; and/or
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. [ : - -10
when the rotation angle is 270°, the rotation matrix is represented as .

91. The method according to any one of claims 84 to 90, wherein coordinates (x1, y1) of a point P1 in the first
occupancy map of the to-be-decoded patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the
to-be-decoded patch satisfy the following formula, wherein the coordinates (x2, y2) of the point P2 are obtained
through rotation:

X2 = x1cos @ —ylsinéd

y2 = x1sin6® —ylcos @&

92. An encoder, comprising:

a patch patch information generation module, configured to: project a to-be-encoded patch from a three-
dimensional space to a two-dimensional space, to obtain a first occupancy map of the to-be-encoded patch; and obtain
a second occupancy map of the to-be-encoded patch, wherein the second occupancy map of the to-be-encoded patch

is obtained by counterclockwise or clockwise rotating the first occupancy map of the to-be-encoded patch by a rotation

angle ‘9; and

an auxiliary information encoding module, configured to encode a syntax element into a bitstream, wherein the

syntax element comprises information used to indicate the rotation angle ‘9.
93. The encoder according to claim 92, wherein coordinates (x2, y2) of a point in the second occupancy map of
the to-be-encoded patch are obtained based on coordinates (x1, y1) of a point in the first occupancy map of the to-be-

encoded patch and a rotation matrix, wherein the rotation matrix corresponds to the rotation angle.

94. The encoder according to claim 93, wherein the rotation matrix is determined based on the rotation angle ‘9,

or is determined based on a functional relationship of the rotation angle ‘9.

95. The encoder according to claim 93 or 94, wherein

coséd —sin 0}

the rotation matrix is represented as Lm o —cosd .

96. The encoder according to claim 95, wherein

F O }
when the rotation angle 0 is 0°, the rotation matrix is represented as 0 -1 ;

0 -1
. 0 i ano , . 1 0].
when the rotation angle is 90°, the rotation matrix is represented as ;
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1 0T
: 0  10mo : - 0 1]
when the rotation angle is 180°, the rotation matrix is represented as L 1 and/or
0 1T
: 0 i nono : - -10
when the rotation angle is 270°, the rotation matrix is represented as L 4,

97. The encoder according to claim 92, wherein coordinates (x1, y1) of a point P1 in the first occupancy map of
the to-be-encoded patch and coordinates (x2, y2) of a point P2 in the second occupancy map of the to-be-encoded
patch satisfy the following formula, wherein the coordinates (x2, y2) of the point P2 are obtained through rotation:

X2 = x1cos @ —ylsinéd
y2 =x1lsin¢ -ylcos o

98. The encoder according to claim 92, wherein coordinates (x2, y2) of P2 in the second occupancy map of the
to-be-encoded patch are obtained according to the following formula:

X2 = x1cos @ —ylsinéd

y2 = x1sind —ylcos @

, wherein

(x1, y1) represents coordinates of a point P1 in the first occupancy map of the to-be-encoded patch, and 0

represents the rotation angle.

99. The encoder according to any one of claims 92 to 98, wherein the second occupancy map is obtained by

counterclockwise or clockwise rotating the first occupancy map of the to-be-encoded patch by the rotation angle 0
around a coordinate origin of a coordinate system constituted by a first tangent axis and a first bitangent axis.

100. The encoder according to any one of claims 92 to 99, wherein the information used to indicate the rotation

angle 0 is an index used to indicate the rotation angle 9.

101. The encoder according to claim 92, wherein a rotation angle by which a second tangent axis of the to-be-

encoded patch rotates relative to a first tangent axis of the to-be-encoded patch is 0 , and a rotation angle by which a

second bitangent axis of the to-be-encoded patch rotates relative to a first bitangent axis of the to-be-encoded patch is
e .

102. A decoder, comprising:

an auxiliary information decoding module, configured to: parse a bitstream to obtain a syntax element, wherein

the syntax element comprises information used to indicate a rotation angle 0 of the to-be-decoded patch; and obtain
a second occupancy map of the to-be-decoded patch; and
a point cloud geometry information reconstruction module, configured to: obtain a first occupancy map of the
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to-be-decoded patch, wherein the first occupancy map of the to-be-decoded patch is obtained by counterclockwise or

clockwise counter-rotating the second occupancy map of the to-be-decoded patch by the rotation angle 0 ; and
reconstruct geometry information of the to-be-decoded point cloud based on a first occupancy map of one or more
patches in the to-be-decoded point cloud, wherein the one or more patches comprise the to-be-decoded patch.

103. The decoder according to claim 102, wherein coordinates (x1, y1) of a point in the first occupancy map of
the to-be-decoded patch are obtained based on coordinates (x2, y2) of a point in the second occupancy map of the to-
be-decoded patch and a rotation matrix, wherein the rotation matrix corresponds to the rotation angle.

104. The decoder according to claim 103, wherein the rotation matrix is determined based on the rotation angle

‘9, or is determined based on a functional relationship of the rotation angle 0.

105. The decoder according to claim 103 or 104, wherein

{cos@ —sin «9}
the rotation matrix is represented as sing  —cosd , or the rotation matrix is represented as an inverse
cosd -—sind
. sind —cosé
matrix of .

106. The decoder according to claim 105, wherein
1 0
. 0 : ro . o 0 -1{.
when the rotation angle is 0°, the rotation matrix is represented as ;

{O _1}
when the rotation angle 0 is 90°, the rotation matrix is represented as 1 ;

when the rotation angle 0 is 180°, the rotation matrix is represented as L - ; and/or

when the rotation angle 0 is 270°, the rotation matrix is represented as

107. The decoder according to claim 105, wherein

-1

F ; }
when the rotation angle 0 is 0°, the rotation matrix is represented as an inverse matrix of 0 ;

0

[O _l}
when the rotation angle 0 is 90°, the rotation matrix is represented as an inverse matrix of 1 ;

[_1 0}
when the rotation angle 6 is 180°, the rotation matrix is represented as an inverse matrix of 01 ; and/or
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-10

{ : 1}
when the rotation angle 0 is 270°, the rotation matrix is represented as an inverse matrix of :

108. The decoder according to claim 102, wherein coordinates (x2, y2) of a point P2 in the second occupancy
map of the to-be-decoded patch and coordinates (x1, y1) of a point P1 in the first occupancy map of the to-be-decoded
patch satisfy the following formula, wherein the coordinates (x1, y1) of the point P1 are obtained through counter-
rotation:

X2 = x1cos @ —ylsinég x1 = x2cos @ +y2siné

y2 =x1sinf —-ylcosd , yl= -x2sin@ —y2cosd

109. The decoder according to claim 102, wherein coordinates (x1, y1) of a point P1 in the first occupancy map
of the to-be-decoded patch are obtained according to the following formula:

X2 = x1cos @ —ylsinég x1 = x2cos @ +y2siné

y2 =x1sin@ -ylcosd , yl= -x2sin@ —y2cos o

, Wherein

(x2, y2) represents coordinates of a point P2 in the second occupancy map of the to-be-decoded patch, and 0
represents the rotation angle.
110. The decoder according to any one of claims 102 to 109, wherein the first occupancy map of the to-be-

decoded patch is obtained by counterclockwise or clockwise counter-rotating the second occupancy map of the to-be-

decoded patch by the rotation angle 0 around a coordinate origin of a coordinate system constituted by a first tangent

axis and a first bitangent axis.

111. The decoder according to any one of claims 102 to 110, wherein the information used to indicate the rotation

angle 0 is an index used to indicate the rotation angle ‘9.

112. The decoder according to claim 105, wherein a rotation angle by which a second tangent axis of the to-be-

decoded patch rotates relative to a first tangent axis of the to-be-decoded patch is 0 , and a rotation angle by which a
second bitangent axis of the to-be-decoded patch rotates relative to a first bitangent axis of the to-be-decoded patch is
e .

113. The decoder according to any one of claims 102 to 112, wherein the auxiliary information decoding module
is specifically configured to:

parse the bitstream to obtain the second occupancy map of the to-be-decoded patch; or

parse the bitstream to obtain information that is used to indicate the second occupancy map of the to-be-decoded

patch, and obtain the second occupancy map of the to-be-decoded patch based on the information that is used to
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indicate the second occupancy map of the to-be-decoded patch.
114. An encoder, comprising:
a patch patch information generation module, configured to: project a to-be-encoded patch patch from a three-
dimensional space to a two-dimensional space, to obtain a first occupancy map of the to-be-encoded patch; and obtain
5  asecond occupancy map of the to-be-encoded patch, wherein coordinates (x2, y2) of a point in the second occupancy

map of the to-be-encoded patch are obtained based on coordinates (x1, y1) of a point in the first occupancy map of

the to-be-encoded patch and a rotation matrix, wherein the rotation matrix corresponds to a rotation angle ‘9; and

an auxiliary information encoding module, configured to encode a syntax element into a bitstream, wherein the

syntax element comprises information used to indicate the rotation angle 9.

10 115. The encoder according to claim 114, wherein the rotation matrix is determined based on the rotation angle

‘9, or is determined based on a functional relationship of the rotation angle 0

116. The encoder according to claim 114 or 115, wherein

cosd —sin 6’}

the rotation matrix is represented as ng —cosd .

117. The encoder according to claim 116, wherein

1 0
. 0 oo S 0 -1].
15 when the rotation angle is 0°, the rotation matrix is represented as X

{0 _1}
when the rotation angle 0 is 90°, the rotation matrix is represented as 1 X

-1 0
01

when the rotation angle 0 is 180°, the rotation matrix is represented as L - and/or
0 1]
__1 0_

when the rotation angle 0 is 270°, the rotation matrix is represented as

118. The encoder according to any one of claims 114 to 117, wherein coordinates (x1, y1) of a point P1 in the
20  first occupancy map of the to-be-encoded patch and coordinates (x2, y2) of a point P2 in the second occupancy map
of the to-be-encoded patch satisfy the following formula, wherein the coordinates (x2, y2) of the point P2 are obtained
through rotation:
X2 = x1cos @ —ylsiné@
y2 = x1sin6® —ylcos &
119. A decoding apparatus, comprising:
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a point cloud memory, configured to store point cloud data; and

a point cloud decoder, configured to reconstruct geometry information of a to-be-decoded point cloud based on
a first occupancy map of one or more to-be-decoded patches patches in the to-be-decoded point cloud, wherein the
one or more patches comprise the to-be-decoded patch, coordinates (x1, y1) of a first point of the to-be-decoded patch

are obtained based on coordinates (x2, y2) of a second point of the to-be-decoded patch and a rotation matrix, and the

rotation matrix corresponds to a rotation angle 0 of the to-be-decoded patch.

120. The decoding apparatus according to claim 119, wherein that coordinates (x1, y1) of a first point of the to-
be-decoded patch are obtained based on coordinates (x2, y2) of a second point of the to-be-decoded patch and a
rotation matrix means that coordinates (x1, y1) of a point in a first occupancy map of the to-be-decoded patch are
obtained based on coordinates (x2, y2) of a point in a second occupancy map of the to-be-decoded patch and a rotation
matrix.

121. The decoding apparatus according to claim 119, wherein the coordinates (x1, y1) of the first point of the to-
be-decoded patch are coordinates (x1, y1) of a point in a first occupancy map of the to-be-decoded patch, and the
coordinates (x2, y2) of the second point of the to-be-decoded patch are coordinates (x2, y2) of a point in a second
occupancy map of the to-be-decoded patch.

122. The decoding apparatus according to claim 119, wherein a first occupancy map of the to-be-decoded patch

is obtained by counterclockwise or clockwise counter-rotating a second occupancy map of the to-be-decoded patch
by the rotation angle 0 , or a second occupancy map of the to-be-decoded patch is obtained by counterclockwise or

clockwise rotating a first occupancy map of the to-be-decoded patch by the rotation angle 9.

123. The decoding apparatus according to any one of claims 119 to 122, wherein the rotation matrix is determined

based on the rotation angle ‘9, or is determined based on a functional relationship of the rotation angle ‘9.

124. The decoding apparatus according to any one of claims 119 to 123, wherein

the rotation matrix is represented as Lm o —cosd .

cos® —sin 0}
125. The decoding apparatus according to claim 124, wherein

F O }
when the rotation angle 0 is 0°, the rotation matrix is represented as 0 -1 ;

0 -1
. 0 i ano , . 1 0].
when the rotation angle is 90°, the rotation matrix is represented as ;
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when the rotation angle is 180°, the rotation matrix is represented as L 1 and/or
0 1T
: 0 i nono : - -10
when the rotation angle is 270°, the rotation matrix is represented as L 4,

126. The decoding apparatus according to any one of claims 119 to 125, wherein coordinates (x1, y1) of a point
P1 in the first occupancy map of the to-be-decoded patch and coordinates (x2, y2) of a point P2 in the second
occupancy map of the to-be-decoded patch satisfy the following formula, wherein the coordinates (x2, y2) of the point
P2 are obtained through rotation:

X2 = x1cos @ —ylsinéd

y2 = x1sin6® —ylcos @&

127. An encoding apparatus, wherein the apparatus comprises a memory and a processor, wherein the memory
is configured to store program code, and the processor is configured to invoke the program code to execute the point
cloud encoding method according to any one of claims 1 to 10, any one of claims 19 to 23, any one of claims 57 to
66, or any one of claims 79 to 83.

128. A decoding apparatus, wherein the apparatus comprises a memory and a processor, wherein the memory is
configured to store program code, and the processor is configured to invoke the program code to perform the point
cloud decoding method according to any one of claims 11 to 18, any one of claims 24 to 28, any one of claims 67 to
78, or any one of claims 84 to 91.

129. A computer-readable storage medium, comprising program code, wherein the program code comprises an
instruction used to perform a portion of or all steps of the point cloud encoding method according to any one of claims
1 to 10, any one of claims 19 to 23, any one of claims 57 to 66, or any one of claims 79 to 83.

130. A computer-readable storage medium, comprising program code, wherein the program code comprises an
instruction used to perform a portion of or all steps of the point cloud decoding method according to any one of claims

11 to 18, any one of claims 24 to 28, any one of claims 67 to 78, or any one of claims 84 to 91.
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