POINT CLOUD FUSION METHOD AND APPARATUS, ELECTRONIC
DEVICE, AND COMPUTER STORAGE MEDIUM

CROSS REFERENCE TO RELATED APPLICATION

[ 0001] The present application claims priority to Chinese Patent Application No.
201910601035.3, filed with the Chinese Patent Office on July 04, 2019 and entitled
"POINT CLOUD FUSION METHOD AND APPARATUS, ELECTRONIC DEVICE,
AND COMPUTER STORAGE MEDIUM", which is incorporated herein by reference in

its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to computer vision technologies, and in
particular, to a point cloud fusion method and apparatus, an electronic device, and a
computer storage medium, capable of being applied to scenes such as three-dimensional

modeling, three-dimensional scenes, and augmented reality.

BACKGROUND

[ 0003] A large amount of point cloud data may be acquired by using a laser scanner or
a depth camera, so as to implement reconstruction of a three-dimensional model of an
object or a scene, and the cloud point data-based three-dimensional model reconstruction
method may be applied to augmented reality, game, and other applications on a mobile
platform, for example, functions such as online display of three-dimensional objects,
scene interaction, shadow casting, and interactive collisions are implemented, and
functions such as three-dimensional object recognition in the field of computer visions

are also implemented.



SUMMARY

[ 0004] Embodiments of the present disclosure expect to provide a technical solution

of point cloud fusion.

[ 0005] The embodiments of the present disclosure provide a point cloud fusion

method, including:

[ 0006] determining, according to at least two influence factors in scene information
and/or camera information, depth confidences of pixel points in a current frame depth
map, where the scene information and the camera information each at least includes one

influence factor; and

[ 0007] performing point cloud fusion processing on the pixel points in the current

frame depth map according to the depth confidences.

[ 0008] Optionally, determining, according to the at least two influence factors in the
scene information and/or the camera information, the depth confidences of the pixel point

in the current frame depth maps includes:

[ 0009] obtaining at least one depth-valid pixel point in the current frame depth map;
and
[ 0010] determining, according to the at least two influence factors in the scene

information and/or the camera information, a depth confidence of each depth-valid pixel

point; and

[0011] where performing point cloud fusion processing on the pixel points in the

current frame depth map according to the depth confidences includes:

[ 0012] performing point cloud fusion processing on the at least one depth-valid pixel

point in the current frame depth map according to the depth confidences.

[ 0013] It can be seen that in the embodiments of the present disclosure, the process of
point cloud fusion processing is implemented on the basis of the depth-valid pixel point,

and therefore, the reliability of point cloud fusion processing is enhanced.



[ 0014] Optionally, obtaining the at least one depth-valid pixel point in the current

frame depth map includes:

[ 0015] detecting, according to at least one reference frame depth map, whether depths

of pixel points in the current frame depth map are valid; and

[ 0016] reserving the at least one depth-valid pixel point in the current frame depth
map.
[0017] It can be seen that in the embodiments of the present disclosure, the

depth-valid pixel point in the current frame depth map is reserved, so as to perform point
cloud fusion according to the depth-valid pixel point subsequently, so that depth-invalid
point cloud is removed, the accuracy of point could fusion is improved, moreover, the
processing speed of point cloud fusion is improved, and implementation of real-time

display of point cloud fusion is facilitated.

[ 0018] Optionally, the at least one reference frame depth map includes at least one

frame depth map obtained before the current frame depth map is obtained.

[ 0019] It can be seen that in the embodiments of the present disclosure, by taking a
depth map obtained before obtaining the current frame depth map as a reference frame,
whether the depth of a pixel point in the current frame depth map is valid is determined,
and therefore, on the basis of the depth map obtained before obtaining the current frame
depth map, whether the depth of the pixel point in the current frame depth map is valid is

determined accurately.

[ 0020] Optionally, detecting, according to the at least one reference frame depth map,

whether the depths of the pixel points in the current frame depth map are valid includes:

[ 0021] performing depth consistency check on the depths of the pixel points in the

current frame depth map by using at least one reference frame depth map; and

[ 0022] determining a depth of a pixel point passing the depth consistency check as
valid, and determining a depth of a pixel point not passing the depth consistency check as

invalid.



[ 0023] It can be seen that in the embodiments of the present disclosure, whether the
depth of the pixel point in the current frame depth map is valid is determined by means of
the depth consistency check, and therefore, whether the depth of the pixel point in the

current frame depth map is valid is determined accurately.

[ 0024] Optionally, performing depth consistency check on the depths of the pixel
points in the current frame depth map by using the at least one reference frame depth

map includes:
[ 0025] obtaining a plurality of reference frame depth maps;

[ 0026] determining whether a first pixel point in the current frame depth map and a
corresponding pixel point in each of the plurality of reference frame depth maps satisfy a
depth consistency condition, the first pixel point being any one pixel point in the current

frame depth map; and

[ 0027] if the quantity of the corresponding pixel points satisfying the depth
consistency condition with the first pixel point is greater than or equal to a set value,
determining that the first pixel point passes the depth consistency check; if the quantity
of the corresponding pixel points satisfying the depth consistency condition with the first
pixel point is less than a set value, determining that the first pixel point does not pass the

depth consistency check.

[ 0028] It can be seen that in the embodiments of the present disclosure, according to
the quantity of the corresponding pixel points satisfying the depth consistency condition
with the first pixel point, whether the first pixel point passes the depth consistency check
is determined. If the quantity of the corresponding pixel points satisfying the depth
consistency condition with the first pixel point is high, it is considered that the first pixel
point passes the depth consistency check; otherwise, it is considered that the first pixel
point does not pass the depth consistency check. In this way, the robustness and

reliability of the depth consistency check are improved.

[ 0029] Optionally, determining whether the first pixel point in the current frame depth
map and the corresponding pixel point in each of the reference frame depth maps satisfy

the depth consistency condition includes:



[ 0030] projecting the first pixel point to each of the reference frame depth maps to
obtain the projection position and projection depth of a projection point in each of the

reference frame depth maps;

[ 0031] obtaining a measured depth value of the projection position in each of the

reference frame depth maps;

[ 0032] obtaining a difference between the projection depth of the projection point and
the measured depth value of the projection position in each of the reference frame depth

maps;

[ 0033] if the difference is less than or equal to a first set depth threshold, determining
that the first pixel point and the corresponding pixel point in the corresponding reference
frame depth map satisfy the depth consistency condition; and if the difference is greater
than the first set depth threshold, determining that the first pixel point and the
corresponding pixel point in the corresponding reference frame depth map do not satisty

the depth consistency condition.

[ 0034] As photographing view angles of a camera are different, the same object at a
certain position may be blocked in the current frame depth map but is not blocked in
another reference frame depth map. At this time, a difference of a depth of a pixel point
at said position in the current frame depth map and a depth of a pixel point at the
corresponding position in the reference frame depth map is large, and the reliability of
the depth of the pixel point at said position is low. The precision of fusion may be
reduced if the pixel point is used for point cloud fusion. In order to reduce the problem of
fusion precision reduction caused by blocking, in the present invention, a difference
between a projection depth of a projection point in each reference frame depth map and a
measured projection depth at a projection position is first determined, if the difference is
small, it is determined that the first pixel point and the corresponding pixel point in the
corresponding reference frame depth map satisfy the depth consistency condition,
otherwise, it is determined that the first pixel point and the corresponding pixel point in
the corresponding reference frame depth map do not satisfy the depth consistency
condition. In this way, the influence in the reliability of a depth of a pixel point due to a

certain position being blocked in a current frame depth map is reduced, and precision of



point cloud fusion is maintained at a relatively high level.

[ 0035] Optionally, the scene information includes at least one influence factor in a
scene structure and a scene texture, and the camera information at least includes a camera

configuration.

[ 0036] It can be seen that in the embodiments of the present disclosure, the depth
confidence of the pixel point may be determined by comprehensively considering at least
two factors in the scene structure, the scene texture, and the camera configuration, and
therefore, the reliability of the depth confidence is improved. Moreover, the reliability of

point cloud fusion processing is improved.

[ 0037] Optionally, determining, according to the at least two influence factors in the
scene information and/or the camera information, the depth confidences of the pixel point

in the current frame depth maps includes:

[ 0038] respectively obtaining, for the pixel points in the current frame depth map,
weights corresponding to at least two influence factors in the scene structure, the camera

configuration, and the scene texture; and

[ 0039] fusing the weights corresponding to the at least two influence factors to obtain

the depth confidences of the pixel points in the current frame depth map.

[ 0040] It can be seen that in the embodiments of the present disclosure, the depth
confidence of the pixel point may be determined by comprehensively considering the
weights of at least two factors in the scene structure, the scene texture, and the camera
configuration, and therefore, the reliability of the depth confidence is improved.

Moreover, the reliability of point cloud fusion processing is improved.

[ 0041] Optionally, respectively obtaining, for the pixel points in the current frame
depth map, the weights corresponding to the at least two influence factors in the scene

structure, the camera configuration, and the scene texture includes:

[ 0042] respectively obtaining the weights corresponding to at least two influence
factors in the scene structure, the camera configuration, and the scene texture according

to attribute information of the pixel point in the current frame depth map, the attribute



information at least including: a position and/or a normal vector.

[ 0043] It can be seen that as the attribute information of the pixel point is obtained in
advance, the weights corresponding to at least two influence factors in the scene structure,
the camera configuration, and the scene texture are obtained more easily, and Moreover,

the depth confidence of the pixel point in the current frame depth map is obtained.

[ 0044] Optionally, fusing the weights corresponding to the at least two influence
factors to obtain the depth confidences of the pixel points in the current frame depth map

includes:

[ 0045] multiplying the weights corresponding to the at least two influence factors to
obtain a joint weight; and obtaining the depth confidences of the pixel poinst in the

current frame depth map according to the joint weight.

[ 0046] It can be seen that by multiplying the weights corresponding to the at least two
influence factors, the depth confidence of the pixel point in the current frame depth map

is obtained easily, which is easily implemented.

[ 0047] Optionally, performing point cloud fusion processing on the pixel point in the

current frame depth maps according to the depth confidences includes:

[ 0048] using at least one surface element to indicate each of the pixel points in the
current frame depth map, each surface element at least including the depth confidence of

the corresponding pixel point; and

[ 0049] performing, according to a surface element set of a current frame, set update on
an existing surface element set of an updated previous frame, to obtain an existing
surface element set of an updated current frame, where the existing surface element set of
the updated current frame indicates a point cloud fusion processing result of the current
frame depth map, the surface element set of the current frame includes a set of surface
elements corresponding to the depth-valid pixel points in the current frame depth map,

and

[ 0050] the set update includes at least one of the following operations: surface element

addition, surface element update, or surface element deletion.



[ 0051] It can be seen that in the embodiments of the present disclosure, the point
cloud fusion processing is implemented using surface element-based indication.
Moreover, as the surface element may indicate attribute information of a point, point
cloud fusion processing is highly efficiently implemented according to the attribute

information of the point.

[ 0052] Optionally, each of the surface elements further includes the position, normal
vector, interior point weight, and exterior point weight of the corresponding pixel point,
where the interior point weight is configured to indicate a probability that the
corresponding pixel point is an interior point, the exterior point weight is configured to
indicate a probability that the corresponding pixel point is an exterior point, and a
difference between the interior point weight and the exterior point weight is configured to

indicate the depth confidence of the corresponding pixel point.

[ 0053] It can be seen that multiple attribute information of a point may be easily
added using surface element-based indication, and moreover, point cloud fusion
processing is accurately implemented on the basis of comprehensive consideration of the

multiple attribute information of the point.

[ 0054] Optionally, performing, according to the surface element set of the current
frame, the set update on the existing surface element set of the updated previous frame

includes:

[ 0055] if a first surface element which is not covered by the existing surface element
set of the updated previous frame exists in the surface element set of the current frame,
adding the first surface element to the existing surface element set of the updated

previous frame.

[ 0056] The first surface element is a surface element which is not covered by the
existing surface element set of the updated previous frame, and therefore is the surface
element required to be added to the existing surface element set of the updated previous
frame. Moreover, a point cloud fusion processing result in line with actual needs is

obtained by using the surface element addition operation.

[ 0057] Optionally, performing, according to the surface element set of the current



frame, the set update on the existing surface element set of the updated previous frame

includes:

[ 0058] adding the second surface element to the existing surface element set of the
updated previous frame when the following conditions are met: if a second surface
element covered by the existing surface element set of the updated previous frame exists
in the surface element set of the current frame, a depth of the second surface element is
greater than a projection depth of a corresponding surface element in the existing surface
element set of the updated previous frame, and a difference between the depth of the
second surface element and the projection depth of the corresponding surface element in
the existing surface element set of the updated previous frame is greater than or equal to

a first set depth threshold.

[ 0059] It can be seen that according to a relationship between the second surface
element and the existing surface element set of the updated previous frame, it can be
determined that the second surface element is a surface element required to be added to
the existing surface element set of the updated previous frame. Moreover, a point cloud
fusion processing result in line with actual needs is obtained by using the surface element

addition operation.

[ 0060] Optionally, performing, according to the surface element set of the current
frame, the set update on the existing surface element set of the updated previous frame

includes:

[ 0061] adding an exterior point weight value of the corresponding surface element in
the existing surface element set of the updated previous frame when the following
conditions are met: if the second surface element which is covered by the existing surface
element set of the updated previous frame exists in the surface element set of the current
frame, the depth of the second surface element is less than the projection depth of the
corresponding surface element in the existing surface element set of the updated previous
frame, and the difference between the depth of the second surface element and the
projection depth of the corresponding surface element in the existing surface element set

of the updated previous frame is greater than or equal to a second set depth threshold.



[ 0062] It can be seen that if the depth of the second surface element is less than the
projection depth of the corresponding surface element in the existing surface element set
of the updated previous frame, it means that the second surface element is more likely to
be an exterior point, and at this time, by adding the exterior point weight value of the
corresponding surface element in the existing surface element set of the updated previous

frame, surface element update is more in line with actual needs.

[ 0063] Optionally, performing, according to the surface element set of the current
frame, the set update on the existing surface element set of the updated previous frame

includes:

[ 0064] updating the position and the normal vector of the corresponding surface
element in the existing surface element set of the updated previous frame and adding an
interior point weight value of the corresponding surface element in the existing surface
element set of the updated previous frame, when the following conditions are met: if the
second surface element which is covered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the
difference between the depth of the second surface element and the projection depth of
the corresponding surface element in the existing surface element set of the updated
previous frame is less than a third set depth threshold, and an included angle between a
normal vector of the corresponding surface element in the existing surface element set of
the updated previous frame and a normal vector of the second surface element is less than

or equal to a set angle value.

[ 0065] It can be seen that if the difference between the depth of the second surface
element and the projection depth of the corresponding surface element in the existing
surface element set of the updated previous frame is less than the third set depth
threshold, and the included angle between the normal vector of the corresponding surface
element in the existing surface element set of the updated previous frame and the normal
vector of the second surface element is less than or equal to the set angle value, then it
means that a measured depth of the second surface element in the surface element set of
the current frame is a valid depth, and at this time, by updating the position, the normal

vector, and the interior point weight of the corresponding surface element, surface
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element update is more in line with actual needs.

[ 0066] Optionally, performing, according to the surface element set of the current
frame, the set update on the existing surface element set of the updated previous frame

includes:

[ 0067] adding the exterior point weight value of the corresponding surface element in
the existing surface element set of the updated previous frame when the following
conditions are met: if the second surface element which is covered by the existing surface
element set of the updated previous frame exists in the surface element set of the current
frame, the difference between the depth of the second surface element and the projection
depth of the corresponding surface element in the existing surface element set of the
updated previous frame is less than the third set depth threshold, and the included angle
between the normal vector of the corresponding surface element in the existing surface
element set of the updated previous frame and the normal vector of the second surface

element is greater than the set angle value.

[ 0068] As a depth difference in a fine structure is small and a normal change from
different view angles is large, the depth difference may be averaged out if only simply
fusion is applied. However, in the present disclosure, an exterior point weight is updated,
and the subtle depth difference is reserved, and therefore, processing on a fine structure
by the point cloud fusion solution in the embodiments of the present disclosure is more

effective.

[ 0069] Optionally, performing, according to the surface element set of the current
frame, the set update on the existing surface element set of the updated previous frame

includes:

[ 0070] if a surface element satisfying a preset deletion condition exists in the surface
element set of the current frame, deleting the surface element satisfying the preset
deletion condition in the surface element set of the current frame, where the surface
element satisfying the preset deletion condition is: a surface element corresponding to a

pixel point having a depth confidence lower than a set confidence threshold.

[ 0071] It can be seen that by deleting a surface element having a relatively low depth
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confidence, a surface element having a relatively high depth confidence is reserved, and

therefore, the reliability and accuracy of point cloud fusion are improved,

[ 0072] The embodiments of the present disclosure further provide a point cloud fusion

apparatus, which includes a determination module and a fusion module, where

[ 0073] the determination module is configured to determine, according to at least two
influence factors in scene information and/or camera information, depth confidences of
pixel points in a current frame depth map, where the scene information and the camera

information each at least includes one influence factor; and

[ 0074] the fusion module is configured to perform point cloud fusion processing on

the pixel points in the current frame depth map according to the depth confidences.

[ 0075] Optionally, the determination module is configured to obtain at least one
depth-valid pixel point in the current frame depth map, and determine, according to the at
least two influence factors in the scene information and/or the camera information, a

depth confidence of each depth-valid pixel point; and

[ 0076] the fusion module is configured to perform point cloud fusion processing on
the depth-valid pixel point in the current frame depth map according to the depth

confidences.

[ 0077] It can be seen that in the embodiments of the present disclosure, the process of
point cloud fusion processing is implemented on the basis of the depth-valid pixel point,

and therefore, the reliability of point cloud fusion processing is enhanced.

[ 0078] Optionally, the determination module is configured to detect, according to at
least one reference frame depth map, whether depths of the pixel points in the current
frame depth map are valid, and reserve the at least one depth-valid pixel point in the

current frame depth map.

[ 0079] It can be seen that in the embodiments of the present disclosure, the
depth-valid pixel point in the current frame depth map is reserved, so as to perform point
cloud fusion according to the depth-valid pixel point subsequently, so that depth-invalid

point cloud is removed, the accuracy of point could fusion is improved, moreover, the

12



processing speed of point cloud fusion is improved, and implementation of real-time

display of point cloud fusion is facilitated.

[ 0080] Optionally, the at least one reference frame depth map includes at least one

frame depth map obtained before the current frame depth map is obtained.

[ 0081] It can be seen that in the embodiments of the present disclosure, according to a
depth map obtained before obtaining the current frame depth map, whether the depth of a
pixel point in the current frame depth map is valid is determined, and therefore, on the
basis of the depth map obtained before obtaining the current frame depth map, whether
the depth of the pixel point in the current frame depth map is valid is determined

accurately.

[ 0082] Optionally, the determination module is configured to perform depth
consistency check on the depths of the pixel points in the current frame depth map by
using at least one reference frame depth map, and determine a depth of a pixel point
passing the depth consistency check as valid, and determining a depth of a pixel point not

passing the depth consistency check as invalid.

[ 0083] It can be seen that in the embodiments of the present disclosure, whether the
depth of the pixel point in the current frame depth map is valid is determined by means of
the depth consistency check, and therefore, whether the depth of the pixel point in the

current frame depth map is valid is determined accurately.

[ 0084] Optionally, the determination module is configured to obtain a plurality of
reference frame depth maps, determine whether a first pixel point in the current frame
depth map and a corresponding pixel point in each of the reference frame depth maps
satisfy a depth consistency condition, if the quantity of the corresponding pixel points
satisfying the depth consistency condition with the first pixel point is greater than or
equal to a set value, determine that the first pixel point passes the depth consistency
check; if the quantity of the corresponding pixel points satisfying the depth consistency
condition with the first pixel point is less than a set value, determine that the first pixel
point does not pass the depth consistency check, the first pixel point being any one pixel

point in the current frame depth map. It can be seen that in the embodiments of the
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present disclosure, according to the quantity of the corresponding pixel points satisfying
the depth consistency condition with the first pixel point, whether the first pixel point
passes the depth consistency check is determined. If the quantity of the corresponding
pixel points satisfying the depth consistency condition with the first pixel point is high, it
is considered that the first pixel point passes the depth consistency check; otherwise, it is
considered that the first pixel point does not pass the depth consistency check. In this way,

the robustness and reliability of the depth consistency check are improved.

[ 0085] Optionally, the determination module is configured to: project the first pixel
point to each of the reference frame depth maps to obtain the projection position and
projection depth of a projection point in each of the reference frame depth maps, obtain a
measured depth value of the projection position in each of the reference frame depth
maps; obtain a difference between the projection depth of the projection point and the
measured depth value of the projection position in each of the reference frame depth
maps; if the difference is less than or equal to a first set depth threshold, determine that
the first pixel point and the corresponding pixel point in the corresponding reference
frame depth map satisfy the depth consistency condition;, and if the difference is greater
than the first set depth threshold, determine that the first pixel point and the
corresponding pixel point in the corresponding reference frame depth map do not satisfy

the depth consistency condition.

[ 0086] As photographing view angles of a camera are different, the same object at a
certain position may be blocked in the current frame depth map but is not blocked in
another reference frame depth map. At this time, a difference of a depth of a pixel point
at said position in the current frame depth map and a depth of a pixel point at the
corresponding position in the reference frame depth map is large, and the reliability of
the depth of the pixel point at said position is low. The precision of fusion may be
reduced if the pixel point is used for point cloud fusion. In order to reduce the problem of
fusion precision reduction caused by blocking, in the present invention, a difference
between a projection depth of a projection point in each reference frame depth map and a
measured projection depth at a projection position is first determined, if the difference is
small, it is determined that the first pixel point and the corresponding pixel point in the

corresponding reference frame depth map satisfy the depth consistency condition,
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otherwise, it is determined that the first pixel point and the corresponding pixel point in
the corresponding reference frame depth map do not satisfy the depth consistency
condition. In this way, the influence in the reliability of a depth of a pixel point due to a
certain position being blocked in a current frame depth map is reduced, and precision of

point cloud fusion is maintained at a relatively high level.

[ 0087] Optionally, the scene information includes at least one influence factor in a
scene structure and a scene texture, and the camera information at least includes a camera

configuration.

[ 0088] It can be seen that in the embodiments of the present disclosure, the depth
confidence of the pixel point may be determined by comprehensively considering at least
two factors in the scene structure, the scene texture, and the camera configuration, and
therefore, the reliability of the depth confidence is improved. Moreover, the reliability of

point cloud fusion processing is improved.

[ 0089] Optionally, the determination module is configured to respectively obtain, for
the pixel points in the current frame depth map, weights corresponding to at least two
influence factors in the scene structure, the camera configuration, and the scene texture,
and fuse the weights corresponding to the at least two influence factors to obtain the

depth confidences of the pixel points in the current frame depth map.

[ 0090] It can be seen that in the embodiments of the present disclosure, the depth
confidence of the pixel point may be determined by comprehensively considering the
weights of at least two factors in the scene structure, the scene texture, and the camera
configuration, and therefore, the reliability of the depth confidence is improved.

Moreover, the reliability of point cloud fusion processing is improved.

[ 0091] Optionally, the determination module is configured to respectively obtain the
weights corresponding to at least two influence factors in the scene structure, the camera
configuration, and the scene texture according to attribute information of the pixel point
in the current frame depth map, the attribute information at least including: a position

and/or a normal vector.

[ 0092] It can be seen that as the attribute information of the pixel point is obtained in
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advance, the weights corresponding to at least two influence factors in the scene structure,
the camera configuration, and the scene texture are obtained more easily, and Moreover,

the depth confidence of the pixel point in the current frame depth map is obtained.

[ 0093] Optionally, the determination module is configured to multiply the weights
corresponding to the at least two influence factors to obtain a joint weight; and obtain the
depth confidences of the pixel points in the current frame depth map according to the

joint weight.

[ 0094] It can be seen that by multiplying the weights corresponding to the at least two
influence factors, the depth confidence of the pixel point in the current frame depth map

is obtained easily, which is easily implemented.

[ 0095] Optionally, the fusion module is configured to use at least one surface element
to indicate each of the pixel points in the current frame depth map, each surface element

at least including the depth confidence of the corresponding pixel point; and

[ 0096] the fusion module is configured to: perform, according to a surface element set
of a current frame, set update on an existing surface element set of an updated previous
frame, to obtain an existing surface element set of an updated current frame, where the
existing surface element set of the updated current frame indicates a point cloud fusion
processing result of the current frame depth map, the surface element set of the current
frame includes a set of surface elements corresponding to the depth-valid pixel points in

the current frame depth map, and

[ 0097] the set update includes at least one of the following operations: surface element

addition, surface element update, or surface element deletion.

[ 0098] It can be seen that in the embodiments of the present disclosure, the point
cloud fusion processing is implemented using surface element-based indication.
Moreover, as the surface element may indicate attribute information of a point, point
cloud fusion processing is highly efficiently implemented according to the attribute

information of the point.

[ 0099] Optionally, each of the surface elements further includes the position, normal
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vector, interior point weight, and exterior point weight of the corresponding pixel point,
where the interior point weight is configured to indicate a probability that the
corresponding pixel point is an interior point, the exterior point weight is configured to
indicate a probability that the corresponding pixel point is an exterior point, and a
difference between the interior point weight and the exterior point weight is configured to

indicate the depth confidence of the corresponding pixel point.

[00100] It can be seen that multiple attribute information of a point may be easily
added using surface element-based indication, and moreover, point cloud fusion
processing is accurately implemented on the basis of comprehensive consideration of the

multiple attribute information of the point.

[ 00101] Optionally, the fusion module is configured to, if a first surface element which
is not covered by the existing surface element set of the updated previous frame exists in
the surface element set of the current frame, add the first surface element to the existing

surface element set of the updated previous frame.

[ 00102] The first surface element is a surface element which is not covered by the
existing surface element set of the updated previous frame, and therefore is the surface
element required to be added to the existing surface element set of the updated previous
frame. Moreover, a point cloud fusion processing result in line with actual needs is

obtained by using the surface element addition operation.

[00103] Optionally, the fusion module is configured to add the second surface element
to the existing surface element set of the updated previous frame when the following
conditions are met: if a second surface element covered by the existing surface element
set of the updated previous frame exists in the surface element set of the current frame, a
depth of the second surface element is greater than a projection depth of a corresponding
surface element in the existing surface element set of the updated previous frame, and a
difference between the depth of the second surface element and the projection depth of
the corresponding surface element in the existing surface element set of the updated

previous frame is greater than or equal to a first set depth threshold.

[ 00104] It can be seen that according to a relationship between the second surface
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element and the existing surface element set of the updated previous frame, it can be
determined that the second surface element is a surface element required to be added to
the existing surface element set of the updated previous frame. Moreover, a point cloud
fusion processing result in line with actual needs is obtained by using the surface element

addition operation.

[ 00105] Optionally, the fusion module is configured to add an exterior point weight
value of the corresponding surface element in the existing surface element set of the
updated previous frame when the following conditions are met: if the second surface
element which is covered by the existing surface element set of the updated previous
frame exists in the surface element set of the current frame, the depth of the second
surface element is less than the projection depth of the corresponding surface element in
the existing surface element set of the updated previous frame, and the difference
between the depth of the second surface element and the projection depth of the
corresponding surface element in the existing surface element set of the updated previous

frame is greater than or equal to a second set depth threshold.

[ 00106] It can be seen that if the depth of the second surface element is less than the
projection depth of the corresponding surface element in the existing surface element set
of the updated previous frame, it means that the second surface element is more likely to
be an exterior point, and at this time, by adding the exterior point weight value of the
corresponding surface element in the existing surface element set of the updated previous

frame, surface element update is more in line with actual needs.

[00107] Optionally, the fusion module is configured to update the position and the
normal vector of the corresponding surface element in the existing surface element set of
the updated previous frame and add an interior point weight value of the corresponding
surface element in the existing surface element set of the updated previous frame, when
the following conditions are met: if the second surface element which is covered by the
existing surface element set of the updated previous frame exists in the surface element
set of the current frame, the difference between the depth of the second surface element
and the projection depth of the corresponding surface element in the existing surface

element set of the updated previous frame is less than a third set depth threshold, and an
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included angle between a normal vector of the corresponding surface element in the
existing surface element set of the updated previous frame and a normal vector of the

second surface element is less than or equal to a set angle value.

[ 00108] It can be seen that if the difference between the depth of the second surface
element and the projection depth of the corresponding surface element in the existing
surface element set of the updated previous frame is less than the third set depth
threshold, and the included angle between the normal vector of the corresponding surface
element in the existing surface element set of the updated previous frame and the normal
vector of the second surface element is less than or equal to the set angle value, it means
that a measured depth of the second surface element in the surface element set of the
current frame is a valid depth, and at this time, by updating the position, the normal
vector, and the interior point weight of the corresponding surface element, surface

element update is more in line with actual needs.

[ 00109] Optionally, the fusion module is configured to add the exterior point weight
value of the corresponding surface element in the existing surface element set of the
updated previous frame when the following conditions are met: if the second surface
element which is covered by the existing surface element set of the updated previous
frame exists in the surface element set of the current frame, the difference between the
depth of the second surface element and the projection depth of the corresponding
surface element in the existing surface element set of the updated previous frame is less
than the third set depth threshold, and the included angle between the normal vector of
the corresponding surface element in the existing surface element set of the updated
previous frame and the normal vector of the second surface element is greater than the set

angle value.

[ 00110] It can be seen that as a depth difference in a fine structure is small and a
normal change from different view angles is large, the depth difference may be averaged
out if only simply fusion is applied. However, in the present disclosure, an exterior point
weight is updated, and the subtle depth difference is reserved, and therefore, processing
on a fine structure by the point cloud fusion solution in the embodiments of the present

disclosure is more effective.
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[00111] Optionally, the fusion module is configured to: if a surface element satisfying a
preset deletion condition exists in the surface element set of the current frame, delete the
surface element satisfying the preset deletion condition in the surface element set of the
current frame, where the surface element satisfying the preset deletion condition is: a
surface element corresponding to a pixel point having a depth confidence lower than a set

confidence threshold.

[00112] It can be seen that by deleting a surface element having a relatively low depth
confidence, a surface element having a relatively high depth confidence is reserved, and

therefore, the reliability and accuracy of point cloud fusion are improved,

[00113] The embodiments of the present disclosure further provide an electronic device,
which includes a processor and a memory configured to store a computer program
executable by the processor, where the processor is configured to perform, when the

computer program is executed, any one of the foregoing point cloud fusion method.

[00114] The embodiments of the present disclosure further provide a non-transitory
computer-readable storage medium having a computer program stored thereon, where the
computer program, when executed by a processor, enables the processor to implement

any one of the foregoing point cloud fusion method.

[ 00115] The embodiments of the present disclosure further provide a computer
program, where any one of the point cloud fusion methods is implemented when the

computer program is executed by a processor.

[00116] Based on the point cloud fusion method and apparatus, the electronic device,
and the computer storage medium provided in the embodiments of the present disclosure,
according to at least two influence factors in scene information and/or camera
information, a depth confidence of a pixel point in a current frame depth map is
determined, where the scene information and the camera information each at least
includes one influence factor; and point cloud fusion processing is performed on the pixel
point in the current frame depth map according to the depth confidence. In this way, in
the embodiments of the present discourse, a depth confidence of a pixel point is

determined by comprehensively considering multiple factors, and therefore, the
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reliability of the depth confidence is improved. Moreover, the reliability of point cloud

fusion processing is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 00117] FIG. 1 is a flowchart of a point cloud fusion method according to embodiments

of the present disclosure.

[00118] FIG. 2 is a schematic diagram of a depth map obtained in embodiments of the

present disclosure.

[00119] FIG. 3 is a current frame depth map subjected to depth consistency check

obtained using solutions of embodiments of the present disclosure on the basis of FIG. 2.

[ 00120] FIG. 4 is a depth confidence map generated based on technical solutions of

embodiments of the present disclosure on the basis of FIGS. 2 and 3.

[ 00121] FIG. 5 is a schematic diagram of fused point cloud data generated based on
technical solutions of embodiments of the present disclosure on the basis of FIGS. 3 and

4.

[ 00122] Fig. 6 is a schematic structural composition diagram of a point cloud fusion

apparatus according to embodiments of the present disclosure.

[ 00123] FIG. 7 is a schematic structural diagram of an electronic device according to

embodiments of the present disclosure.

DETAILED DESCRIPTION

[ 00124] The present disclosure is further described in detail below with reference to the
accompanying drawings and embodiments. It should be understood that the embodiments
provided herein are merely intended to explain the present disclosure, rather than limit

the present disclosure. In addition, the embodiments provided below are some
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embodiments for implementing the present disclosure, but not all the embodiments for
implementing the present disclosure. The technical solutions described in the
embodiments of the present disclosure can be implemented in any combination form

without conflicts.

[ 00125] It should be noted that in the embodiments of the present disclosure, the terms
"comprise", "include", or any other variant thereof aim at covering non-exclusive
"including", so that the method or apparatus including a series of elements not only
includes the elements that are explicitly recited, but also includes other elements that are
not explicitly listed, or also includes the elements inherent to the implementation of the
method or the apparatus. If no more limitations is made, an element defined by a phrase
"including one. . . " does not exclude that there are other relevant elements in the method
or apparatus including the elements (for example, steps in the method or units in the
apparatus; the units can be a part of a circuit, a part of a processor, a part of a program or

software, etc. ).

[ 00126] For example, the point cloud fusion method provided by the embodiments of
the present disclosure includes a series of steps, but is not limited to the recited steps.
Similarly, the point cloud fusion apparatus provided by the embodiments of the present
disclosure includes a series of modules, but is not limited to the explicitly recited
modules, and may also include modules configured for obtaining related information or

required when processing is performed based on information.

[ 00127] The embodiments of the present disclosure may be applied to electronic
devices such as terminal devices, computer systems, and servers, which may operate with
numerous other general-purpose or special-purpose computing system environments or
configurations. Examples of well-known terminal devices, computing systems,
environments, and/or configurations suitable for use together with electronic devices
such as terminal devices, computer systems, and servers include, but are not limited to,
personal computer systems, server computer systems, thin clients, thick clients, handheld
or laptop devices, microprocessor-based systems, set top boxes, programmable consumer
electronics, network personal computers, small computer systems, large computer

systems, distributed cloud computing environments that include any one of the systems,
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and the like.

[ 00128] The electronic devices such as terminal devices, computer systems, and servers
may be described in the general context of computer system executable instructions (such
as, program modules) executed by the computer systems. Generally, the program
modules may include routines, programs, target programs, components, logics, data
structures, and the like for performing specific tasks or implementing specific abstract
data types. The computer systems/servers may be practiced in distributed cloud
computing environments in which tasks are performed by remote processing devices that
are linked through a communications network. In the distributed computing
environments, the program modules may be located in local or remote computing system

storage media including storage devices.

[ 00129] Problems related to the solution of point cloud fusion are exemplarily
illustrated as follows. For point cloud data acquired by a laser scanner, a simple point
cloud fusion method is to simplify point cloud fusion by using an octree. According to
this method, points falling in a same voxel are subjected to weighted average, and a case
in which the same voxel covers different areas of an object may usually happen,
particularly in a fine structure. Simple weighted average cannot distinguish fine
structures. In some dense Simultaneous Localization and Mapping (SLAM) applications,
images from different view angles usually include a large area of overlap, and existing
point cloud fusion methods either relate to simply fusing depth values of the overlapping
area, which may result in that areas having low reliability are also mistakenly fused, or
relate to performing fusion according to depth confidences, where the depth confidences
are calculated according to local structures or scene texture of the point cloud, however,
the depth confidences calculated using this method are not reliable, for example, for
weak texture areas, accurate depth confidences cannot be obtain by using a scene

texture-based depth confidence calculation method.

[ 00130] In addition, in a mobile platform, the point cloud fusion process is usually
required to be displayed online in real time, which also poses a great challenge to the

calculation efficiency of point cloud fusion.

[ 00131] With regard to the technical problems, the embodiments of the present
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disclosure provide a point cloud fusion method. The execution subject of the point cloud
fusion method may be a point cloud fusion apparatus. For example, the image depth
estimation method may be executed by terminal devices or servers or other electronic
devices, where the terminal devices may be a User Equipment (UE), a mobile device, a
user terminal, a terminal, a cellular phone, a cordless phone, a Personal Digital Assistant
(PDA), a handheld device, a computing device, a vehicle-mounted device, a wearable
device, etc. In some possible implementation modes, the image depth estimation method
may be implemented by invoking, by a processor, computer readable instructions stored
in a memory. The point cloud fusion method provided by the present disclosure may be
applied to fields such as three-dimensional modeling, augmented reality, image
processing, photographing, games, animation, films and television, e-commerce,
education, house property, and home decoration. In the embodiments of the present
disclosure, the mode for obtaining point cloud data is not limited. Using technical
solutions of the embodiments of the present disclosure, continuous video frames may be
acquired by using a camera. When camera poses and depth maps of the continuous video
frames are known, thigh-precision point cloud data may be obtained by fusing the

multi-view depths.

[ 00132] FIG. 1 is a flowchart of a point cloud fusion method according to embodiments

of the present disclosure. As shown in FIG. 1, the flow includes the following steps.

[ 00133] At step 101: depth confidences of pixel points in a current frame depth map are
determined according to at least two influence factors in scene information and/or camera
information,, where the scene information and the camera information each at least

includes one influence factor.

[ 00134] In the embodiments of the present disclosure, the mode for obtaining the
current frame depth map is not limited, for example, the current frame depth map may be
input by a user by means of human-computer interaction. FIG. 2 is a schematic diagram

of a depth map obtained in embodiments of the present disclosure.

[ 00135] At step 102: point cloud fusion processing is performed on the pixel points in

the current frame depth map according to the depth confidences.
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[ 00136] Steps 101 and 102 may be implemented by using a processor in an electronic
device. The foregoing processor may be at least one of an Application Specific Integrated
Circuit (ASIC), a Digital Signal Processor (DSP), a Digital Signal Processing Device
(DSPD), a Programmable Logic Device (PLD), a Field Programmable Gate Array
(FPGA), a Central Processing Unit (CPU), a controller, a microcontroller, or a

MiCroprocessor.

[ 00137] It can be seen that in the embodiments of the present disclosure, the depth
confidence of the pixel point is determined by comprehensively considering a plurality of
factors, therefore, the reliability of the depth confidence is improved, and moreover, the
reliability of point cloud fusion is improved. Here, point cloud fusion processing
indicates performing data fusion on a plurality of pieces of point cloud data under a
unified global coordinate system. In the data fusion process, redundant overlapping parts
are required to be filtered out, so as to maintain a reasonable quantity of the entire point
cloud. In the embodiments of the present disclosure, the implementation mode for point
cloud fusion processing is not limited. In one example, the point cloud data may be

processed based on an octree structure, so as to implement point cloud fusion.

[ 00138] Regarding the implementation mode of step 101, exemplarily, at least one
depth-valid pixel point in the current frame depth map is obtained, and according to the
at least two influence factors in the scene information and/or the camera information, a

depth confidence of each depth-valid pixel point is determined.

[ 00139] Correspondingly, regarding the implementation mode of step 102, exemplarily,
point cloud fusion processing is performed on the at least one depth-valid pixel point in

the current frame depth map according to the depth confidences.

[ 00140] Specifically, it may be determined whether the depth of a pixel point in the
current frame depth map in advance, for example, manually or using a reference frame
comparison mode, and then the depth confidence of the depth-valid pixel point is
determined according to the at least two influence factors in the scene information and/or
the camera information, so as to perform point cloud fusion on the depth-valid pixel point.
It can be seen that in the embodiments of the present disclosure, the process of point

cloud fusion processing is implemented on the basis of the depth-valid pixel point, and
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therefore, the reliability of point cloud fusion processing is enhanced.

[ 00141] Optionally, after at least one reference frame depth map is obtained, whether
the depth of the pixel point in the current frame depth map is valid is detected according
to the at least one reference frame depth map, a depth-invalid pixel point in the current
frame depth map is discarded, and the depth-valid pixel point is reserved, so that point
cloud fusion is performed according to the depth-valid pixel point subsequently, thus
depth-invalid point cloud is deleted, the precision and accuracy of point cloud fusion are
improved, the processing speed of point cloud fusion is also improved, and real-time

display of point cloud fusion is facilitated.

[ 00142] Optionally, the at least one reference frame depth map may include at least one
frame depth map obtained before obtaining the current frame depth map. In one specific
example, the at least one reference frame depth map includes depth maps of N previous
frames adjacent to the current frame depth map, where N is an integer greater than or

equal to 1, optionally, 1<N<7.

[ 00143] That is to say, regarding the current frame depth map, the depth maps of the N

previous adjacent frames may be taken as the reference frame depth maps.

[ 00144] It can be seen that in the embodiments of the present disclosure, according to a
depth map obtained before obtaining the current frame depth map, whether the depth of a
pixel point in the current frame depth map is valid is determined, and therefore, by taking
the depth map obtained before obtaining the current frame depth map as a basis, whether
the depth of the pixel point in the current frame depth map is valid is determined

accurately.

[ 00145] Regarding the implementation mode for detecting, according to the at least one
reference frame depth map, whether the depth of the pixel point in the current frame
depth map is valid, exemplarily, depth consistency check is performed on the depths of
the pixel points in the current frame depth map by using the at least one reference frame
depth map; the pixel point passing the depth consistency check is determined as
depth-valid, and the pixel point not passing the depth consistency check is determined as

depth-invalid.
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[ 00146] Here, the depth consistency check may be checking whether a difference in
depth between the pixel point in the current frame depth map and a corresponding pixel
point in the reference frame depth map falls within a preset range, if the difference falls
within the preset range, the pixel point is determined as depth-valid, otherwise, the pixel

point is determined as depth-invalid.

[ 00147] It can be seen that in the embodiments of the present disclosure, whether the
depth of the pixel point in the current frame depth map is valid is determined by means of
the depth consistency check, and therefore, whether the depth of the pixel point in the

current frame depth map is valid is determined accurately.

[ 00148] Here, after the depth-invalid pixel point in the current frame depth map is
discarded, the current frame depth map subjected to depth consistency check is obtained.
FIG. 3 is a current frame depth map subjected to depth consistency check obtained using

solutions of embodiments of the present disclosure on the basis of FIG. 2.

[ 00149] In some implementation modes, one reference frame depth map is obtained,
then whether the pixel point in the current frame depth map and the corresponding pixel
point in the reference frame depth map satisfy a depth consistency condition is
determined, if the pixel point in the current frame depth map and the corresponding pixel
point in the reference frame depth map satisfy the depth consistency condition, the pixel
point is determined as depth-valid, otherwise, the pixel point is determined as

depth-invalid.

[ 00150] In some embodiments, a plurality of reference frame depth maps are obtained,
and whether a first pixel point in the current frame depth map and a corresponding pixel
point in each of the reference frame depth maps satisfy a depth consistency condition is

determined, the first pixel point being any one pixel point in the current frame depth map.

[ 00151] If the quantity of the corresponding pixel points satisfying the depth
consistency condition with the first pixel point is greater than or equal to a set value, it is
determined that the first pixel point passes the depth consistency check; and if the
quantity of the corresponding pixel points satisfying the depth consistency condition with

the first pixel point is less than a set value, it is determined that the first pixel point does
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not pass the depth consistency check.

[ 00152] Here, the depth consistency condition may be that: the difference in depth
between the pixel point in the current frame depth map and the corresponding pixel point

in the reference frame depth map is lower than the a preset range.

[ 00153] In the embodiments of the present disclosure, by determining whether the first
pixel point in the current frame depth map and the corresponding pixel point in each of
the reference frame depth maps satisfy the depth consistency condition, the quantity of
the corresponding pixel points satisfying the depth consistency condition with the first
pixel point is determined. For example, if the first pixel point in the current frame depth
map and the corresponding pixel points in M reference frame depth maps satisfy the
depth consistency condition, the quantity of the corresponding pixel points satisfying the

depth consistency condition with the first pixel point is M.

[ 00154] The set value may be determined according to actual needs. For example, the
set value may be 50%, 60%, or 70% of the total quantity of the reference frame depth

maps.

[ 00155] It can be seen that in the embodiments of the present disclosure, according to
the quantity of the corresponding pixel points satisfying the depth consistency condition
with the first pixel point, whether the first pixel point passes the depth consistency check
is determined. If the quantity of the corresponding pixel points satisfying the depth
consistency condition with the first pixel point is high, it is considered that the first pixel
point passes the depth consistency check, otherwise, it is considered that the first pixel
point does not pass the depth consistency check. In this way, the robustness and

reliability of the depth consistency check are improved.

[ 00156] Regarding the implementation mode for determining whether the first pixel
point in the current frame depth map and the corresponding pixel point in each of the
reference frame depth maps satisfy the depth consistency condition, in the first example,
the first pixel point is projected to each reference frame depth map to obtain the
projection position and projection depth of a projection point in each reference frame

depth map, and a measured depth value of the projection position in each of the reference
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frame depth maps is obtained. Due to errors of a depth sensor and possible noise
interference in data transmission, a small difference usually exists in the projection depth
corresponding to each reference frame and the measured depth value of the projection
position. Here, the projection depth indicates a depth value obtained by performing
projection of a pixel point between different depth maps, and the measured depth
indicates an actual depth value measured by using a measurement device at the projection

position.

[ 00157] At the time of determining whether a pixel point satisfies the depth consistency
condition, a first set depth threshold is set; the difference between the projection depth of
the projection point in each reference frame depth map and the measured projection
depth at the projection position is obtained; if the difference is less than or equal to the
first set depth threshold, it is determined that the first pixel point and the corresponding
pixel point in the corresponding reference frame depth map satisfy the depth consistency
condition; if the difference is greater than the first set depth threshold, it is determined
that the first pixel point and the corresponding pixel point in the corresponding reference

frame depth map do not satisfy the depth consistency condition.

[ 00158] In some other embodiments, regarding the implementation mode for
determining whether the pixel point in the current frame depth map and the
corresponding pixel point in each reference frame depth map satisfy the depth
consistency condition, the pixel point in the reference frame depth map is projected to the
current frame depth map to obtain the projection position and projection depth in the
current frame depth map; the measured depth value of the projection position in the
current frame depth map is obtained; the difference between the projection depth of the
projection point and the measured depth value of the projection position in the current
frame depth map is obtained; if the difference between the projection depth of the
projection point and the measured depth value of the projection position in the current
frame depth map is less than a second set depth threshold, it is determined that the pixel
point in the current frame depth map and the corresponding pixel point in each of the
reference frame depth maps satisfy the depth consistency condition, otherwise, it is
determined that the pixel point in the current frame depth map and the corresponding

pixel point in each of the reference frame depth maps do not satisfy the depth consistency
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condition.

[ 00159] In some other embodiments, regarding the implementation mode for
determining whether the pixel point in the current frame depth map and the
corresponding pixel in each of the reference frame depth maps satisfy the depth
consistency condition, the pixel point in the reference frame depth map and the
corresponding pixel point in the current frame depth map are both projected to a
three-dimensional space, and then the pixel point in the reference frame depth map is
compared with the corresponding pixel depth in the current frame depth map to obtain a
depth difference; and if the depth difference is less than a third set depth threshold, it is
determined that the pixel point in the current frame depth map and the corresponding
pixel point in each of the reference frame depth maps satisfy the depth consistency
condition, otherwise, it is determined that the pixel point in the current frame depth map
and the corresponding pixel point in each of the reference frame depth maps do not

satisfy the depth consistency condition.

[ 00160] Here, the first set depth threshold, the second set depth threshold, and the third
set depth threshold may be pre-determined according to actual application needs, and any
two of the first set depth threshold, the second set depth threshold, and the third set depth
threshold may be identical, or different. In one specific example, the value range of the
first set depth threshold, the second set depth threshold, or the third set depth threshold
may be 0.025 m to 0.3 m. The first set depth threshold, the second set depth threshold, or

the third set depth threshold are recorded as 7, 7=0.01* (d,, —d.,.), where (d. .d}. )

max min

is an effective range of a depth sensor, for example, (d.,, .d].. )= (0.25m,3m) .

[ 00161] As photographing view angles of a camera are different, the same object at a
certain position may be blocked in the current frame depth map but is not blocked in
another reference frame depth map. At this time, a difference of a depth of a pixel point
at said position in the current frame depth map and a depth of a pixel point at the
corresponding position in the reference frame depth map is large, and the reliability of
the depth of the pixel point at said position is low. The precision of fusion may be
reduced if the pixel point is used for point cloud fusion. In order to reduce the problem of

fusion precision reduction caused by blocking, in the present disclosure, a difference
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between a projection depth of a projection point in each reference frame depth map and a
measured projection depth at a projection position is first determined, if the difference is
small, it is determined that the first pixel point and the corresponding pixel point in the
corresponding reference frame depth map satisfy the depth consistency condition,
otherwise, it is determined that the first pixel point and the corresponding pixel point in
the corresponding reference frame depth map do not satisfy the depth consistency
condition. In this way, the influence in the reliability of a depth of a pixel point due to a
certain position being blocked in a current frame depth map is reduced, and precision of

point cloud fusion is maintained at a relatively high level.

[ 00162] By taking a pixel point p in a current frame depth map D as an example, the
implementation mode for detecting whether the depth of the pixel point in the current

frame depth map is valid is exemplarily illustrated.

[ 00163] Regarding the pixel point p in the current frame depth map D, the pixel point p
is projected back to the 3D space using its depth D(p) to obtain a 3D point P, where the

back projection calculation formula is as follows:
[ 00164] P=T"*(D(p)* =" (p)) (1)

[ 00165] where 7 represents a projection matrix, where the projection matrix is a
transformation matrix from a camera coordinate system to a pixel coordinate system, a
perspective projection mode is adopted, and the projection matrix may be calibrated in
advance, or may be obtained by means of calculation; 7' represents an inverse matrix of
the projection matrix, 7 represents rigid transformation of a world coordinate system
corresponding to the current depth map D to the camera coordinate system, and 7 s

inverse transformation of 7.

[ 00166] Then, the pixel point p is projected to a reference frame D' by using intrinsic
and extrinsic parameters of a camera to obtain a projection position p' and a projection

depth d,.
[ 00167] p’=n(T"*P) (2)

[ 00168] where 7 represents rigid transformation of a reference frame D’ (the rigid
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transformation of a world coordinate system corresponding to the reference frame D’ to
the camera coordinate system), and the projection depth d,, represents third dimensional

coordinates of a projection point obtained by calculation after projection.

[ 00169] Here, whether a depth value of the pixel point p satisfies the depth consistency
condition is determined according to whether a difference between the projection depth
d, and a depth value D’ (p') of the point p' exceeds the first set depth threshold, where D’
(p' ) is an observed depth of the projection position per se in the reference frame, and
usually, the difference between the projection depth d, and the depth value D' (p" ) may
not be too large. If the difference between the projection depth d,r and the depth value D’
(p' ) of the point p’ is too large, blocking or other errors may occur, and at this time, the

depth of the pixel point may be unreliable.

[ 00170] In order to reduce the problem of inconsistency of depths of pixels caused by
blocking, it can be configured that the depth of the pixel point p is determined to be valid
in a case where the pixel point p in the current frame and the corresponding pixel points
in over 60% of the reference frame depth maps satisfy the depth consistency condition,

which is specifically represented by the following formulas:

N 4 —
0 others
[00172] <C(p,;) - { L Jdy -0 <7 ) @)
0 others
[ 00173] Pl =¥ T *(D(p)* 77 (p)) ®)
[ 00174] where p', represents the projection position obtained when the pixel point p

is projected to the k™ reference frame; d p', represents the projection depth obtained
when the pixel point p is projected to the k™ reference frame; D'(p',) represents the
depth value of the projection position p', in the k™ reference frame; T ', represents

rigid transformation of a word coordinate system corresponding to the k™ reference frame

to the camera coordinate system; 7, represents inverse transformation of 7', ; N

represents the total number of the reference frame depth maps; c(p',) is used for
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determining whether the pixel point p and the corresponding point in the k™ reference

frame satisfy the depth consistency condition; if ¢(p',) is equal to 1, it indicates that the

pixel point p and the corresponding point in the k™ reference frame satisfy the depth

consistency condition; if C(p',) is equal to 0, it indicates that the pixel point p and the

corresponding point in the k™ reference frame do not satisfy the depth consistency
condition; J represents the set number of reference frames, and it should be noted that
the value of ¢ in formula (3) is merely an example of the value of ¢ in the

embodiments of the present disclosure, and J may not be equal to 0.6N; C(p) is used
for determining whether the depth of the pixel point p is valid; if c(p) is equal to 1, it
indicates that the pixel point p is valid; if C(p) is equal to 0, it indicates that the pixel

point p is invalid.

[ 00175] After the depth-valid pixel point in the current frame depth map is obtained,
according to the at least two influence factors in the scene information and/or the camera

information, a depth confidence of each depth-valid pixel point is determined.

[ 00176] In the embodiments of the present disclosure, the scene information may be at
least one influence factor in a scene structure and a scene texture, and the camera
information at least includes a camera configuration. The scene structure and the scene
texture respectively indicate a structure feature and a texture feature of a scene. For
example, the scene structure indicates upward orientation of the surface of the scene or
other structure information, and the scene texture is photometric consistency or other
texture features. The photometric consistency is a texture feature provided based on the
following principles: photometry from different angles at the same point is consistent,
and therefore, the photometric consistency is used for measuring the scene texture; and
the camera configuration may be a distance from the camera to the scene and other

camera configuration items.

[00177] In some embodiments, the depth confidence of the pixel point in the current
frame depth map is determined according to the at least two influence factors in the scene

structure, the camera configuration, and the scene texture.

[ 00178] In the prior art, when the depth confidence is calculated, either merely the
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camera configuration is considered, or merely the scene texture is considered, and thus
the reliability degree of the depth confidence of the depth map is relatively low;
moreover, because the precision degree of the depth map is related to information of the
scene and the camera, and in particular to factors in three aspects such as the scene
structure, the camera configuration and the scene texture, in the embodiments of the
present disclosure, the depth confidence of the pixel point is obtained by considering the
at least two factors in the scene structure, the camera configuration and the scene texture,

and the reliability of the depth confidence of the pixel point is improved.

[ 00179] Regarding the implementation mode for determining, according to the at least
two influence factors in the scene information and/or the camera information, the depth
confidence of the pixel point in the current frame depth map, in one example, the depth
confidence of the pixel point in the current frame depth map is determined according to
at least two influence factors selected from any one of the scene information or the
camera information, or at least two influence factors simultaneously selected from the

scene information and the camera information.

[ 00180] Here, the implementation mode for determining the depth in the current frame
depth map is valid is explained in the foregoing embodiments. Details are not described

herein again.

[ 00181] It is understood that the depth confidence may be used for measuring the
precision degree of the depth map, and the precision degree of the depth map is related to
the factors in the three aspects such as the scene structure, the camera configuration and
the scene texture. On this basis, in one implementation mode, weights corresponding to
the at least two influence factors in the scene structure, the camera configuration, and the
scene texture are respectively obtained for the pixel point in the current frame depth map;
and the weights corresponding to the at least two influence factors are fused to obtain the

depth confidence of the pixel point in the current frame depth map.

[ 00182] It can be seen that in the embodiments of the present disclosure, the depth
confidence of the pixel point may be determined by comprehensively considering the
weights of at least two factors in the scene structure, the scene texture, and the camera

configuration, and therefore, the reliability of the depth confidence is improved.
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Moreover, the reliability of point cloud fusion processing is improved.

[ 00183] Regarding the implementation mode for respectively obtaining, for the pixel
point in the current frame depth map, the weights corresponding to the at least two
influence factors in the scene structure, the camera configuration, and the scene texture,
exemplarily, the weights corresponding to at least two influence factors in the scene
structure, the camera configuration, and the scene texture are respectively obtained
according to attribute information of the pixel point in the current frame depth map, the

attribute information at least including: a position and/or a normal vector.

[ 00184] Optionally, in order to obtain the weights corresponding to the at least two
influence factor in the scene structure, the camera configuration, and the scene texture, a
positional relationship between the camera and the pixel point, a parameter of the camera,

and other parameters are further considered.

[ 00185] It can be seen that as the attribute information of the pixel point is obtained in
advance, the weights corresponding to at least two influence factors in the scene structure,
the camera configuration, and the scene texture are obtained more easily, and Moreover,

the depth confidence of the pixel point in the current frame depth map is obtained.

[ 00186] Regarding the implementation mode for fusing the weights corresponding to
the at least two influence factors to obtain the depth confidence of the pixel point in the
current frame depth map, exemplarily, the weights corresponding to the at least two
influence factors are multiplied to obtain a joint weight; and the depth confidence of the

pixel point in the current frame depth map is obtained according to the joint weight.

[ 00187] Optionally, the joint weight may be taken as the depth confidence of the pixel
point in the current frame depth map, and the depth confidence of the corresponding
point in the previous frame is adjusted by using the joint weight, to obtain the depth

confidence of the pixel point in the current frame.

[ 00188] It can be seen that by multiplying the weights corresponding to the at least two
influence factors, the depth confidence of the pixel point in the current frame depth map

is obtained easily, which is easily implemented.
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[ 00189] In a specific example of the present discourse, the depth confidence may
indicates the joint weight of the scene structure, the camera configuration, and the
photometric consistency, that is, including a geometric structure-based weight item, a
camera configuration-based weight item, and a photometric consistency-based weight

item.

[ 00190] The geometric structure-based weight item, the camera configuration-based

weight item, and the photometric consistency-based weight item are explained as

follows.
[00191] 1) The geometric structure-based weight item (geometric weight item)
[00192] The depth accuracy is related to orientation of the surface of the scene, and

when the area parallel with an imaging plane of the camera is higher than an inclined

area in depth accuracy, the geometric weight item is defined as follows:

J (n Y p) —cos(«,,.)

L
w,(p)= l—cos(a,,,.) SRE
o

e

[ 00193] others (6)

[ 00194] where w,(p) represents the geometric weight item of the three-dimensional

space point P corresponding to the pixel point in the current frame depth map; n,
represents a unit normal vector of the pixel point p; v, represents a unit vector from the

point p to an optical center of the camera; «,  represents an allowable maximum angle
(75-90 degrees) between 7, and v,; when the angle between n, and v, exceeds X, , the
geometric weight item is 0, indicating that the point is unreliable; <np,vp> represents a

point multiplication operation between 7, and v,; and acos(n,,v,) represents an angle

p?

between n, and v,,.
[ 00195] 2) The camera configuration-based weight item (camera weight item)

[ 00196] The depth accuracy is related to the distance from the surface to the camera. In
a general situation, the farther the distance is, the more inaccurate the depth value is. In

the embodiments of the present disclosure, the camera weight item is defined as follows:
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[ 00197] w,(p)=1-e* (7)

[ 00198] where w,(p) represents a camera weight item of the three-dimensional space

point P corresponding to the pixel point in the current frame depth map; 4 is a set

penalty factor; and ¢ is a pixel offset generated when the pixel point p moves along the

projecting direction by a distance. The pixel offset represents the distance between the
projection point and an original pixel point, and the projection point is a pixel point
obtained after the three-dimensional space point P changes slightly and then is projected

to the current frame.

[00199] In actual application, the distance by which the point p moves along the

projecting direction may be configured as: (d), —d..,)x1/600 , where

max min

d!,..d..)=00.25m,3m). i is used for determining an influence level of ¢ to the

camera weight item, where the value range is between 0 and 1 (including boundary

points), for example, 0.5.
[ 00200] 3) The photometric consistency-based weight item

[ 00201] Here, the photometric consistency-based weight item is calculated using the
Normalized Cross Correlation (NCC) or other parameters. By calculating the photometric
consistency weight item using NCC, a certain anti-interference ability to the change of
illumination is defined. The process of calculating the photometric consistency weight

item using the NCC is exemplarily illustrated.

[ 00202] The formula for the photometric consistency-based weight item is as follows:

J.-’V("("(p) NCC(p)=thr
"'rpu ( P ) — l()

[ 00203] others (8)

[ 00204] where w,,(p) represents the photometric consistency weight item of the

three-dimensional space point P corresponding to the pixel point in the current frame
depth map, and thr represents a set threshold. In one example, #hr is equal to 0.65, and
the size of the NCC window is 5*5. If a plurality of reference frames exist, the NCC

values calculated from each reference frame and the current frame are subjected to
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processing such as weighted average or median, to obtain a final NCC(p) .

[ 00205] In some other embodiments, the NCC value may be used for measuring the
photometric consistency. The higher the NCC is, the higher the consistency is. Therefore,

interception processing is not required, that is, NCC(p) can be directly taken as

w,,(p).

[ 00206] After the geometric structure-based weight item, the camera
configuration-based weight item, and the photometric consistency-based weight item are

calculated, the joint weight w(p) is obtained according to the following formula:
[00207] w(p) =w,(p)*w.(p)*w,(p) ©)

[ 00208] In the embodiments of the present disclosure, the joint weight is directly taken
as the depth confidence value of the pixel point p, and the depth confidence map is
generated according to the depth confidence obtained by calculation. FIG. 4 is a depth
confidence map generated based on technical solutions of embodiments of the present
disclosure on the basis of FIGS. 2 and 3. Obviously, in other embodiments, the depth
confidence of the corresponding point in the previous frame is adjusted using the joint

weight, to obtain the depth confidence of the pixel point in the current frame.

[ 00209] It should be noted that in the embodiments of the present discourse, the depth
confidences of all the pixel points in the current frame depth map are determined
according to the at least two influence factors in the scene information and/or the camera
information, and the depth confidence of the depth-valid pixel point in the current frame
depth map is also determined according to the at least two influence factors in the scene
information and/or the camera information, so that the precision of point cloud fusion

processing is improved.

[ 00210] In some embodiments, a surface element is used to indicate each pixel point or
each depth-valid pixel point in the current frame depth map, each surface element at least
including the depth confidence of the corresponding pixel point. Moreover, a surface
element set of the current frame depth map is adjusted to implement point cloud fusion

processing of the current frame depth map.
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[ 00211] Optionally, each surface element further includes the position, normal vector,
interior point weight, and exterior point weight of the corresponding pixel point, and
obviously, the surface element may further include a color of the corresponding pixel
point and the like, where the interior point weight is configured to indicate a probability
that the corresponding pixel point is an interior point, the exterior point weight is
configured to indicate a probability that the corresponding pixel point is an exterior point,
and the depth confidence of the pixel point is defined as a difference between the interior
point weight and the exterior point weight. For example, initially, the interior point

weight is w(p), and the exterior point weight is 0. In the embodiments of the present

disclosure, the interior point indicates a pixel point of neighborhood inside the surface
element set of the current frame depth map, and the exterior point indicates a pixel point

of neighborhood outside the surface element set of the current frame depth map.

[ 00212] It can be seen that as the surface element includes information such as the
position, normal vector, interior point weight, and exterior point weight of the point,
multiple attribute information of a point may be easily added using surface
element-based indication, and moreover, point cloud fusion processing is accurately
implemented on the basis of comprehensive consideration of the multiple attribute

information of the point.

[ 00213] The surface element is one of the important modes to express a
three-dimensional structure of a scene. The surface element includes coordinates of the

three-dimensional point P, a normal vector n, of the pixel point p, an interior point

weight W,fi"), and an exterior point weight Wp(om). Here, the position of the

corresponding pixel point p is represented by the coordinates of the three-dimensional
point P, and this mode of representation may unify positions of points under the same
reference coordinates for ease of viewing and comparison, thereby facilitating subsequent
processing. If the coordinates of the pixel point are used, each surface element coordinate

system may be different, and frequent conversion is required in processing.

[ 00214] In the embodiments of the present disclosure, the purpose of point cloud fusion
is to maintain a high-quality surface element set, and the fusion process thereof is also a

fusion process of surface elements.
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[ 00215] In the embodiments of the present disclosure, after the depth confidence of
each pixel point or depth-valid pixel point in the current frame depth map, depth
confidence-based surface element fusion is executed. That is, according to a surface
element set of a current frame, set update is performed on an existing surface element set
of the updated previous frame to obtain an existing surface element set of the updated
current frame, where the existing surface element set of the updated current frame
indicates a point cloud fusion processing result of the current frame depth map, and the
surface element set of the current frame includes a set of surface elements corresponding
to the depth-valid pixel points in the current frame depth map. Particularly, for an initial
frame, after a surface element set of the initial frame is obtained, depth confidence-based
surface element fusion is not executed, and instead, the depth confidence-based surface

element fusion is executed from the second frame.

[ 00216] Here, the set update includes at least one of the following operations: surface
element addition, surface element update, or surface element deletion. In the
embodiments of the present disclosure, the process of updating the existing surface
element set according to the surface element set of the current frame may be taken as: a
process of fusing the surface element set of the current frame and the existing surface

element set.

[ 00217] It can be seen that in the embodiments of the present disclosure, the point
cloud fusion processing is implemented using surface element-based indication.
Moreover, as the surface element may indicate attribute information of a point, point
cloud fusion processing is highly efficiently implemented according to the attribute

information of the point.

[ 00218] Here, after point cloud fusion processing according to the solutions of the
embodiments of the present disclosure, a schematic diagram of point cloud data after
fusion. FIG. 5 is a schematic diagram of fused point cloud data generated based on
technical solutions of embodiments of the present disclosure on the basis of FIGS. 3 and

4.

[ 00219] The surface element addition, the surface element update, and the surface

element deletion are respectively and exemplarily illustrated as follows.
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[ 00220] 1) Surface element addition

[ 00221] During initialization, the depth map of the first frame is added to the existing
surface element set as a new surface element as a whole, and the interior point weight
and the exterior point weight of the surface element are simultaneously updated. For

example, during initialization, the interior point weight is w(p), and the exterior point

weight is 0.

[ 00222] If a first surface element which is not covered by the existing surface element
set of the updated previous frame exists in the surface element set of the current frame,
the first surface element is added to the existing surface element set of the updated
previous frame. As the first surface element is not the surface element which is not
covered by the existing surface element set of the updated previous frame, the surface
element of the existing surface element set of the updated previous frame is required to
be added. Moreover, a point cloud fusion processing result in line with actual needs is

obtained by using the surface element addition operation.

[ 00223] During actual implementation, the surface element of the existing surface
element set of the updated the previous frame is projected to the surface element set of
the current frame. During projection, if a situation where the first surface element of the
current frame is covered by the surface element of the existing surface element set of the
updated previous frame exists, an update or deletion operation for the first surface
element is performed. If a situation where the first surface element of the current frame is
not covered by the surface element of the existing surface element set of the updated
previous frame exists, an addition operation for the first surface element is performed, i.e.,

the non-covered surface element is added to the existing surface element set.
[ 00224] 2) Surface element update

[ 00225] When the surface element in the existing surface element set of the updated

previous frame is projected to the current frame, the projection depth of the projection

point is recorded as @ pold » and the measured depth of the surface element in the surface

element set in the current frame is recorded as ; , where the projection depth d o
p
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may be obtained using the formula (2). Here, the update of the surface element may be

explained in the following different situations.

[ 00226] (a) In some embodiments, when the above conditions are all met: a second
surface element covered by the existing surface element set of the updated previous
frame exists in the surface element set of the current frame, a depth of the second surface
element is greater than a projection depth of a corresponding surface element in an
existing surface element set of the updated previous frame, and the difference between
the depth of the second surface element and the projection depth of the corresponding
surface element in the existing surface element set is greater than or equal to a first set
depth threshold, it is considered that blocking happens because a surface different from
the existing surface element set of the updated previous frame is observed at the current
frame, which is real In this case, the second surface element is added to the existing
surface element set of the updated previous frame. For example, the second surface
element may be added to the existing surface element set of the updated previous frame

as an interior point.
[ 00227] Here, a value range is the first set depth threshold is 0.025m to 0.3m.

[ 00228] It can be seen that according to a relationship between the second surface
element and the existing surface element set of the updated previous frame, it can be
determined that the second surface element is a surface element required to be added to
the existing surface element set of the updated previous frame. Moreover, a point cloud
fusion processing result in line with actual needs is obtained by using the surface element

addition operation.

[ 00229] In one specific example, if the measured depth d , 1s far greater than the
projection depth d,,, , for example, if the ratio obtained by dividing the measured depth
d, by the projection depth d,,, is greater than a first set ratio, for example, a value
range of the first set ratio may be 4 to 10. If the measured depth d » 1s far greater than

the projection depth d,,, , it is considered that blocking happens. In this case, visual

conflict does not exist. In this case, the second surface element corresponding to the

42



measured depth d, may be added to the existing surface element set of the updated

previous frame as an interior point.

[ 00230] (b) In some embodiments, an exterior point weight value of the corresponding
surface element in the existing surface element set of the updated previous frame is
added when the following conditions are all met. The second surface element which is
covered by the existing surface element set of the updated previous frame exists in the
surface element set of the current frame, the depth of the second surface element is less
than the projection depth of the corresponding surface element in the existing surface
element set of the updated previous frame, and the difference between the depth of the
second surface element and the projection depth of the corresponding surface element in
the existing surface element set of the updated previous frame is greater than or equal to

a second set depth threshold.
[ 00231] Here, a value range of the second set depth threshold is 0.025m to 0.3m.

[ 00232] It can be seen that if the depth of the second surface element is less than the
projection depth of the corresponding surface element in the existing surface element set
of the updated previous frame, it means that the second surface element is more likely to
be an exterior point, and at this time, by adding the exterior point weight value of the
corresponding surface element in the existing surface element set of the updated previous

frame, surface element update is more in line with actual needs.

[ 00233] Specifically, a situation where the measured depth d, is far less than the
projection depth d pold 18 a situation which actually does not exist (visual conflict). For

example, if the ratio obtained by dividing the measured depth d » by the projection
depth d poia 18 less than a second set ratio, for example, a value range of the second set

ratio may be 0.001 to 0.01. In this case, an exterior point weight value of the
corresponding surface element in the existing surface element set is added after the depth
confidence of the corresponding pixel point, so that the depth confidence of the point
after the update is reduced. For example, the exterior point weight value of the

corresponding surface element in the existing surface element set of the updated previous
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frame is added according to the following formula:

[ 00234] W W) +w(p) (10)
[ 00235] where W;ZZ) represents an exterior point weight value of the corresponding

surface element before the update in the existing surface element set of the updated

. (out) . . .
previous frame, and Wpou represents an exterior point weight value of the

corresponding updated surface element in the existing surface element set of the updated

the previous frame.

[ 00236] (c) In some embodiments, the position and the normal vector of the
corresponding surface element in the existing surface element set of the updated previous
frame are updated, and an interior point weight value of the corresponding surface
element in the existing surface element set of the updated previous frame is added, when
the following conditions are all met. The second surface element which is covered by the
existing surface element set of the updated previous frame exists in the surface element
set of the current frame, the difference between the depth of the second surface element
and the projection depth of the corresponding surface element in the existing surface
element set of the updated previous frame is less than a third set depth threshold, and an
included angle between a normal vector of the corresponding surface element in the
existing surface element set of the updated previous frame and a normal vector of the

second surface element is less than or equal to a set angle value.

[ 00237] It can be seen that if the difference between the depth of the second surface
element and the projection depth of the corresponding surface element in the existing
surface element set of the updated previous frame is less than the third set depth
threshold, and the included angle between the normal vector of the corresponding surface
element in the existing surface element set of the updated previous frame and the normal
vector of the second surface element is less than or equal to the set angle value, it means
that a measured depth of the second surface element in the surface element set of the
current frame is a valid depth, and at this time, by updating the position, the normal

vector, and the interior point weight of the corresponding surface element, surface
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element update is more in line with actual needs.

[ 00238] Here, the third set depth threshold is a product of the depth of the
corresponding surface element in the surface element set of the current frame and a third
set ratio, where a value range of the third set ratio may be 0.008 to 0.012. a set angle
value may be an acute angle value, for example, a range of the set angle value may be 30°

to 60°. For example, a value range of the third set depth threshold is 0.025m to 0.3m.

[ 00239] In one specific example, if |dp —dpu,d|/dp <0.01 and acos(m,,,,n,)<45 it

indicates that the measured depth of the corresponding pixel point is valid depth, and in
this case, a depth, a normal, and an interior point weight of the corresponding surface

element in the existing surface element set of the updated previous frame are updated.
Here, "poa represents the normal vector of the corresponding surface element in the

existing surface element set of the updated previous frame; d pola  TEPrEsents a projection
depth of the corresponding surface element in the existing surface element set of the
updated previous frame; acos(n,,,,n,) represents an included angle between the
normal of the surface elements in the existing surface element set of the updated previous

frame and the surface element set of the current frame, 45° being a set angle value, 0.01

being the third set ratio, and a product 0.01 4, of the included angle and the depth of the

second surface element of the current frame represents the third set depth threshold.

[ 00240] For example, the formula for updating the position, the normal, and the interior
point weight of the corresponding surface element in the existing surface element set of

the updated previous frame may be:

[ 00241] x o WoiiXpuus + MP)X, (11)
! Wi+ W(P)
[ 00242] Wy W +w(p) (12)
[ 00243] where X, includes a depth and a normal of a surface element, X,

represents a depth and a normal of the surface element before the update, and W;Z};
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represents an interior point weight of the surface element before the update. The depth
and the normal of the surface element are both updated according to formula (11). In
addition, when the position of the surface element is updated, in addition to the depth, the
position of the corresponding pixel point of the surface element is also updated, for
example, three-dimensional point coordinates corresponding to the pixel point are

updated.

[ 00244] It can be seen that in situation (c), the interior point weight is weighted. When
the interior point weight is weighted, weight information of a historical reference frame

is used, and therefore, point cloud fusion processing has better robustness and accuracy.

[ 00245] (d) If the second surface element which is covered by the existing surface
element set of the updated previous frame exists in the surface element set of the current
frame, the difference between the depth of the second surface element and the projection
depth of the corresponding surface element in the existing surface element set of the
updated previous frame is less than the third set depth threshold, and the included angle
between the normal vector of the corresponding surface element in the existing surface
element set of the updated previous frame and the normal vector of the second surface
element is greater than the set angle value, the exterior point weight value of the
corresponding surface element in the existing surface element set of the updated previous

frame is added.

[ 00246] IN one specific example, when |d » = pa|/d, <0.01 and

acos(n pold > np) >45° it indicates that the depth of the surface element satisfies the depth

consistency but does not satisfy normal consistency. In this case, an exterior point weight

of the corresponding surface element is updated according to formula (10).

[ 00247] It should be understood that in the embodiments of the present disclosure,
considering the normal consistency during surface element fusion, for a point not
satisfying the normal consistency, a weight for enabling the point to become an exterior
point is added. As a depth difference in a fine structure is small and a normal change
from different view angles is large, the depth difference may be averaged out if only

simply fusion is applied. However, in the present method, an exterior point weight is
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updated, and the subtle depth difference is reserved, and therefore, processing on a fine
structure by the point cloud fusion solution in the embodiments of the present disclosure

1s more effective.

[ 00248] (e) In some embodiments, if the measured depth d, and the projection depth

dpold do not satisfy any one of (a) to (d) above, it is considered that both the

corresponding pixel points in the existing surface element set of the updated previous
frame and the surface element set of the current frame are exterior points, and in this case,

the surface element is not updated.
[ 00249] 3) Surface element deletion

[ 00250] If a surface element satisfying a preset deletion condition exists in the surface
element set of the current frame, the surface element satisfying the preset deletion
condition in the surface element set of the current frame is deleted, where the surface
element satisfying the preset deletion condition is: a surface element having a depth
confidence lower than a set confidence threshold, i.e., a surface element of which a
difference between the interior point weight and the exterior point weight is lower than a

set confidence threshold.

[ 00251] It can be seen that by deleting a surface element having a relatively low depth
confidence, a surface element having a relatively high depth confidence is reserved, and

therefore, the reliability and accuracy of point cloud fusion are improved.

[ 00252] Here, the set confidence threshold is recorded as €y, , and the set confidence

threshold €y, is pre-configured according to actual needs, for example, a value range

of €, is between 0.5 and 0.7. It is understood that the higher the set confidence
threshold is, the more surface elements are deleted, and otherwise, the fewer surface
elements are deleted. If the set confidence threshold is too small, surface elements having
low quality will be reserved. Some voids may be generated after surface elements are
deleted, and the voids may be filled by subsequent surface elements having higher depth

confidences.
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[ 00253] In existing methods, based on fusion of three-dimensional points, information
of a normal is not taken into consideration. A mode of Winner Take All (WTA) is mainly
used for processing of a weight item. In the embodiments of the present disclosure, point
cloud fusion and redundancy elimination of point cloud are efficiently handled using
surface element-based indication, moreover, a depth confidence is determined using
multi-factor fusion, and the reliability of the depth confidence is improved, so that the
reserved point cloud is more reliable. Moreover, in the embodiments of the present
disclosure, normal information is added to determine a visual conflict relationship of
point cloud, and moreover, with reference to a degree of reliability of a historical frame,

the robustness and accuracy are better.

[ 00254] It can be seen that in the foregoing embodiments of the embodiments of the
present disclosure, a depth confidence of a pixel point in a current frame depth map is
first determined, and then point cloud fusion processing is performed based on the

determined depth confidence.

[ 00255] It should be noted that in other embodiments of the present disclosure, a
depth-valid pixel point in pixel points of a current frame depth map is first determined,

and then point cloud fusion processing is performed based on the depth-valid pixel point.

[ 00256] In specific examples, according to at least one reference frame depth map,
whether the depth of a pixel point in the current frame depth map is valid is detected; and
then the depth-invalid pixel point in the current frame depth map is discarded, and point
cloud fusion processing is performed according the depth-valid pixel point in the current

frame depth map.

[ 00257] Here, the implementation mode for detecting whether the depth of the pixel
point in the current frame depth map is valid is explained in the foregoing content.
Details are not described herein again. For the implementation mode for performing point
cloud fusion processing according the depth-valid pixel point in the current frame depth
map, the depth confidence of the pixel point is not considered, and depth values in the

overlapping area may be directly fused.

[ 00258] Using the solutions in the embodiments, real-time high-precision fusion of
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point cloud is implemented. For the input depth map of each frame, the existing surface
element set after the update of the current frame is obtained by using both step 101 to
step 102, so that redundant point cloud deletion and surface element set expansion or
update operations are implemented. The technical solutions of the embodiments of the
present disclosure are used for online real-time anchor placement and high-precision
modeling, so that three-dimensional rendering and interactive games in augmented reality
applications and three-dimensional object recognition in computer vision are effectively

assisted.

[ 00259] An application scene of the embodiments of the present disclosure include, but

is not limited to, the following scenes:

[ 00260] 1) In a case where a user uses a mobile device having a depth camera to
photograph a certain scene, the point cloud fusion method in the embodiments of the
present disclosure is used to reconstruct point cloud of a scene in real time, and fuse
redundant point cloud to provide a real-time three-dimensional reconstruction effect of a

user terminal.

[ 00261] 2) A user may use the mobile device having the depth camera to reconstruct
scene point cloud in real time by using a point cloud fusion method in the embodiments
of the present disclosure, and fuse redundant point cloud to provide an anchor placement

function.

[ 00262] 3) A surface structure of an object or a scene may be reconstructed by using
point cloud reconstructed by the point cloud fusion method in the embodiments of the
present disclosure, and then the reconstructed model is placed in a real environment, so

that an augmented reality effect of a mobile terminal is obtained.

[ 00263] 4) A surface structure of an object is reconstructed by using point cloud
reconstructed by the point cloud fusion method in the embodiments of the present
disclosure, and texture mapping is performed, so that a 3D photo album effect of the

object is obtained.

[ 00264] On the basis of the point cloud fusion method provided in the foregoing

embodiments, the embodiments of the present disclosure provide a point cloud fusion
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apparatus.

[ 00265] Fig. 6 is a schematic structural composition diagram of a point cloud fusion
apparatus according to embodiments of the present disclosure. As shown in FIG. 6, the
apparatus is located in an electronic device. The apparatus includes a determination

module 601 and a fusion module 602, where

[ 00266] the determination module 601h is configured to determine, according to at
least two influence factors in scene information and/or camera information, depth
confidences of pixel points in a current frame depth map, where the scene information

and the camera information each at least includes one influence factor; and

[ 00267] the fusion module 602 is configured to perform point cloud fusion processing

on the pixel points in the current frame depth map according to the depth confidences.

[ 00268] In one implementation mode, the determination module 601 is configured to
obtain a depth-valid pixel point in the current frame depth map, and determine, according
to the at least two influence factors in the scene information and/or the camera

information, a depth confidence of each depth-valid pixel point; and

[ 00269] the fusion module is configured to perform point cloud fusion processing on
the depth-valid pixel point in the current frame depth map according to the depth

confidence.

[ 00270] In one implementation mode, the determination module 601 is configured to
detect, according to at least one reference frame depth map, whether the depth of a pixel
point in the current frame depth map is valid, and reserve the depth-valid pixel point in

the current frame depth map.

[ 00271] In one implementation mode, the at least one reference frame depth map
includes at least one frame depth map obtained before obtaining the current frame depth

map.

[ 00272] In one implementation mode, the determination module 601 is configured to
perform depth consistency check on the depths of the pixel points in the current frame

depth map by using at least one reference frame depth map, and determine the pixel point
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passing the depth consistency check as depth-valid, and the pixel point not passing the
depth consistency check as depth-invalid.

[ 00273] In one implementation mode, the determination module 601 is configured to
obtain a plurality of reference frame depth maps, determine whether a first pixel point in
the current frame depth map and a corresponding pixel point in each of the reference
frame depth maps satisfy a depth consistency condition, if the quantity of the
corresponding pixel points satisfying the depth consistency condition with the first pixel
point is greater than or equal to a set value, determine that the first pixel point passes the
depth consistency check, and if the quantity of the corresponding pixel points satisfying
the depth consistency condition with the first pixel point is less than a set value,
determine that the first pixel point does not pass the depth consistency check, the first

pixel point being any one pixel point in the current frame depth map.

[ 00274] In one implementation mode, the determination module 601 is configured to
project the first pixel point to each of the reference frame depth maps to obtain the
projection position and projection depth of a projection point in each of the reference
frame depth maps, obtain a measured depth value of the projection position in each of the
reference frame depth maps, obtain a difference between the projection depth of the
projection point and the measured depth value of the projection position in each of the
reference frame depth maps, if the difference is less than or equal to a first set depth
threshold, determine that the first pixel point and the corresponding pixel point in the
corresponding reference frame depth map satisfy the depth consistency condition, and if
the difference is greater than the first set depth threshold, determine that the first pixel
point and the corresponding pixel point in the corresponding reference frame depth map

do not satisfy the depth consistency condition.

[ 00275] In one implementation mode, the scene information includes at least one
influence factor in a scene structure and a scene texture, and the camera information at

least includes a camera configuration.

[ 00276] In one implementation mode, the determination module 601 is configured to
respectively obtain, for the pixel point in the current frame depth map, weights

corresponding to at least two influence factors in the scene structure, the camera
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configuration, and the scene texture, and fuse the weights corresponding to the at least
two influence factors to obtain the depth confidence of the pixel point in the current

frame depth map.

[ 00277] In one implementation mode, the determination module 601 is configured to
respectively obtain the weights corresponding to at least two influence factors in the
scene structure, the camera configuration, and the scene texture according to attribute
information of the pixel point in the current frame depth map, the attribute information at

least including: a position and/or a normal vector.

[ 00278] In one implementation mode, the determination module 601 is configured to
multiply the weights corresponding to the at least two influence factors to obtain a joint
weight; and obtain the depth confidence of the pixel point in the current frame depth map

according to the joint weight.

[ 00279] In one implementation mode, the fusion module 602 is configured to use a
surface element to indicate each pixel point in the current frame depth map, each surface

element at least including the depth confidence of the corresponding pixel point; and

[ 00280] the fusion module 602 is configured to perform, according to a surface element
set of a current frame, set update on an existing surface element set of an updated
previous frame, to obtain an existing surface element set of the updated current frame,
where the existing surface element set of the updated current frame indicates a point
cloud fusion processing result of the current frame depth map, the surface element set of
the current frame includes a set of surface elements corresponding to the depth-valid

pixel points in the current frame depth map, and

[ 00281] the set update includes at least one operation in surface element addition,

surface element update, and surface element deletion.

[ 00282] In one implementation mode, each of the surface elements further includes the
position, normal vector, interior point weight, and exterior point weight of the
corresponding pixel point, where the interior point weight is configured to indicate a
probability that the corresponding pixel point is an interior point, the exterior point

weight is configured to indicate a probability that the corresponding pixel point is an
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exterior point, and a difference between the interior point weight and the exterior point

weight is configured to indicate the depth confidence of the corresponding pixel point.

[ 00283] In one implementation mode, the fusion module 602 is configured to, if a first
surface element which is not covered by the existing surface element set of the updated
previous frame exists in the surface element set of the current frame, add the first surface

element to the existing surface element set of the updated previous frame.

[ 00284] In one implementation mode, the fusion module 602 is configured to, add the
second surface element to the existing surface element set of the updated previous frame
when the following conditions are met: a second surface element covered by the existing
surface element set of the updated previous frame exists in the surface element set of the
current frame, a depth of the second surface element is greater than a projection depth of
a corresponding surface element in the existing surface element set of the updated
previous frame, and a difference between the depth of the second surface element and the
projection depth of the corresponding surface element in the existing surface element set

of the updated previous frame is greater than or equal to a first set depth threshold.

[ 00285] In one implementation mode, the fusion module 602 is configured to, add an
exterior point weight value of the corresponding surface element in the existing surface
element set of the updated previous frame when the following conditions are met: the
second surface element which is covered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the depth of
the second surface element is less than the projection depth of the corresponding surface
element in the existing surface element set of the updated previous frame, and the
difference between the depth of the second surface element and the projection depth of
the corresponding surface element in the existing surface element set of the updated

previous frame is greater than or equal to a second set depth threshold.

[ 00286] In one implementation mode, the fusion module 602 is configured to, update
the position and the normal vector of the corresponding surface element in the existing
surface element set of the updated previous frame and add an interior point weight value
of the corresponding surface element in the existing surface element set of the updated

the previous frame, when the following conditions are met: the second surface element
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which is covered by the existing surface element set of the updated previous frame exists
in the surface element set of the current frame, the difference between the depth of the
second surface element and the projection depth of the corresponding surface element in
the existing surface element set of the updated previous frame is less than a third set
depth threshold, and an included angle between a normal vector of the corresponding
surface element in the existing surface element set of the updated previous frame and a

normal vector of the second surface element is less than or equal to a set angle value.

[ 00287] In one implementation mode, the fusion module 602 is configured to, if the
second surface element which is covered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the
difference between the depth of the second surface element and the projection depth of
the corresponding surface element in the existing surface element set of the updated
previous frame is less than the third set depth threshold, and the included angle between
the normal vector of the corresponding surface element in the existing surface element
set of the updated previous frame and the normal vector of the second surface element is
greater than the set angle value, add the exterior point weight value of the corresponding

surface element in the existing surface element set of the updated previous frame.

[ 00288] In one implementation mode, the fusion module 602 is configured to if a
surface element satisfying a preset deletion condition exists in the surface element set of
the current frame, delete the surface element satisfying the preset deletion condition in
the surface element set of the current frame, where the surface element satisfying the
preset deletion condition is: a surface element corresponding to a pixel point having a

depth confidence lower than a set confidence threshold.

[ 00289] In addition, functional units in the embodiments may be integrated into one
processing unit, or each of the units may exist alone physically, or two or more units may
be integrated into one unit. The integrated unit may be implemented in the form of

hardware, or may also be implemented in the form of a software functional unit.

[ 00290] When the integrated unit is implemented in the form of the software functional
unit and sold or used as an independent product, the integrated unit may be stored in one

computer readable storage medium. Based on such an understanding, the technical
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solutions in the embodiments or a part thereof contributing to the prior art may be
essentially embodied in the form of a software product. The computer software product is
stored in one storage medium and includes several instructions so that one computer
device (which may be a personal computer, a server, a network device, and the like) or a
processor implements all or some of the steps of the method in the embodiments.
Moreover, the preceding storage medium includes: various media capable of storing
program codes, such as a USB flash drive, a mobile hard disk drive, a Read-only

Memory (ROM), a Random Access Memory (RAM), a floppy disk, and an optical disc.

[ 00291] Specifically, the computer program instruction corresponding to the point
cloud fusion method in the embodiments may be stored in the storage medium, such as
the optical disc, the hard disk, and the USB flash drive. When the computer program
instruction corresponding to the point cloud fusion method in the storage medium is read
or implemented by one electronic device, any one point cloud fusion method of the

foregoing embodiments is implemented.

[ 00292] Based on the same technical concept of the foregoing embodiments, the
embodiments of the present disclosure further provide a computer program, where any
one of the point cloud fusion methods is implemented when the computer program is

executed by a processor.

[ 00293] Based on the technical concept the same as that in the foregoing embodiments,
with reference to FIG. 7 which shows an electronic device 70 provided by the
embodiments of the present disclosure, the electronic device may include a memory 71

and a processor 72 which are connected to each other, where
[ 00294] the memory 71 is configured to store a computer program and data, and

[ 00295] the processor 72 is configured to execute the computer program stored in the
memory to implement any one of the point cloud fusion methods according to the

foregoing embodiments.

[ 00296] In practical application, the foregoing memory 71 may be a volatile memory
such as an RAM, or a non-volatile memory such as an ROM, a flash memory, a Hard

Disk Drive (HDD) or a Solid-State Drive (SSD), or a combination of the foregoing
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various memories, and provides instructions and data for the processor 72.

[ 00297] The foregoing processor 72 may be at least one of the ASIC, the DSP, the
DSPD, the PLD, the FPGA, the CPU, the controller, the microcontroller, or the
microprocessor. [t may be understood that for different devices, the electronic device
configured to implement the function of the foregoing processor may also be other device,

and the embodiments of the present disclosure does not specifically limit this.

[ 00298] By means of the description of the foregoing implementations, a person skilled
in the art can clearly know that the method of the foregoing embodiments can be
implemented by software and a necessary general-purpose hardware platform, and also
can be implemented by the hardware, but in many cases, the former is a better
embodiment. Based on such an understanding, the technical solutions of the present
disclosure or a part thereof contributing to the prior art may be essentially embodied in
the form of a software product. The computer software product is stored in one storage
medium (such as the ROM/RAM, the floppy disk, and the optical disc) and includes
several instructions so that one computer device (which may be a personal computer, a
server, a network device, and the like) implements the method in the embodiments of the

present disclosure.

[ 00299] The embodiments of the present disclosure are described above with reference
to the accompanying drawings. Different embodiments in the present application may be
mutually combined without violating logic. The different embodiments emphasize
different aspects, and for a part not described in detail, reference may be made to
descriptions of other embodiments. The present disclosure is not limited to the foregoing
detailed description. The foregoing detailed description only is schematic but not
restrictive. Under the motivation of the present disclosure, a person skilled in the art may
make many forms without departing from the purpose of the present disclosure and the
scopes of protection of the claims, and these all fall within the scope of protection of the

present disclosure.
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CLAIMS

1. A point cloud fusion method, comprising:

determining, according to at least two influence factors in scene information and/or
camera information, depth confidences of pixel points in a current frame depth map, wherein
the scene information and the camera information each at least comprises one influence factor;

and

performing point cloud fusion processing on the pixel points in the current frame

depth map according to the depth confidences.

2. The method according to claim 1, wherein determining, according to the at least two
influence factors in the scene information and/or the camera information, the depth

confidences of the pixel points in the current frame depth map comprises:
obtaining at least one depth-valid pixel point in the current frame depth map; and

determining, according to the at least two influence factors in the scene information
and/or the camera information, a depth confidence of each of the at least one depth-valid pixel

point; and

wherein performing point cloud fusion processing on the pixel points in the current

frame depth map according to the depth confidences comprises:

performing point cloud fusion processing on the at least one depth-valid pixel point in

the current frame depth map according to the depth confidences.

3. The method according to claim 2, wherein obtaining the at least one depth-valid pixel point

in the current frame depth map comprises:

detecting, according to at least one reference frame depth map, whether depths of the

pixel points in the current frame depth map are valid; and

reserving the at least one depth-valid pixel point in the current frame depth map.

4. The method according to claim 3, wherein the at least one reference frame depth map
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comprises at least one frame depth map obtained before the current frame depth map is

obtained.

5. The method according to claim 3, wherein detecting, according to the at least one reference
frame depth map, whether the depths of the pixel points in the current frame depth map are

valid comprises:

performing depth consistency check on the depths of the pixel points in the current

frame depth map by using the at least one reference frame depth map; and

determining a depth of a pixel point passing the depth consistency check as valid, and

determining a depth of a pixel point not passing the depth consistency check as invalid.

6. The method according to claim 5, wherein performing depth consistency check on the
depths of the pixel points in the current frame depth map by using the at least one reference

frame depth map comprises:
obtaining a plurality of reference frame depth maps;

determining whether a first pixel point in the current frame depth map and a
corresponding pixel point in each of the plurality of reference frame depth maps satisfy a
depth consistency condition, the first pixel point being any one of the pixel points in the

current frame depth map; and

if a quantity of corresponding pixel points satisfying the depth consistency condition
with the first pixel point is greater than or equal to a set value, determining that the first pixel
point passes the depth consistency check; or if the quantity of corresponding pixel points
satisfying the depth consistency condition with the first pixel point is less than the set value,

determining that the first pixel point does not pass the depth consistency check.

7. The method according to claim 6, wherein determining whether the first pixel point in the
current frame depth map and the corresponding pixel point in each of the plurality of

reference frame depth maps satisfy the depth consistency condition comprises:

projecting the first pixel point to each of the plurality of reference frame depth maps to
obtain a projection position and a projection depth of a projection point in each of the

plurality of reference frame depth maps;
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obtaining a measured depth value of the projection position in each of the plurality of

reference frame depth maps;

obtaining a difference between the projection depth of the projection point and the
measured depth value of the projection position in each of the plurality of reference frame

depth maps; and

if the difference is less than or equal to a first set depth threshold, determining that the
first pixel point and a corresponding pixel point in its corresponding reference frame depth
map satisfy the depth consistency condition; or if the difference is greater than the first set
depth threshold, determining that the first pixel point and the corresponding pixel point in the

corresponding reference frame depth map do not satisfy the depth consistency condition.

8. The method according to any one of claims 1 to 7, wherein the scene information
comprises at least one influence factor in a scene structure and a scene texture, and the camera

information at least comprises a camera configuration.

9. The method according to claim 8, wherein determining, according to the at least two
influence factors in the scene information and/or the camera information, the depth

confidences of the pixel points in the current frame depth map comprises:

respectively obtaining, for the pixel points in the current frame depth map, weights
corresponding to at least two influence factors in the scene structure, the camera configuration,

and the scene texture; and

fusing the weights corresponding to the at least two influence factors to obtain the

depth confidences of the pixel points in the current frame depth map.

10. The method according to claim 9, wherein respectively obtaining, for the pixel points in
the current frame depth map, the weights corresponding to the at least two influence factors in

the scene structure, the camera configuration, and the scene texture comprises:

respectively obtaining the weights corresponding to at least two influence factors in
the scene structure, the camera configuration, and the scene texture according to attribute
information of the pixel point in the current frame depth map, the attribute information at least

comprising: a position and/or a normal vector.
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11. The method according to claim 9, wherein fusing the weights corresponding to the at least
two influence factors to obtain the depth confidences of the pixel points in the current frame

depth map comprise:

multiplying the weights corresponding to the at least two influence factors to obtain a
joint weight; and obtaining the depth confidences of the pixel points in the current frame

depth map according to the joint weight.

12. The method according to any one of claims 1 to 7, wherein performing point cloud fusion
processing on the pixel points in the current frame depth map according to the depth

confidences comprises:

indicating each of the pixel points in the current frame depth map by using at least one
surface element, each surface element at least comprising a depth confidence of a

corresponding pixel point; and

performing, according to a surface element set of a current frame, set update on an
existing surface element set of an updated previous frame, to obtain an existing surface
element set of an updated current frame, wherein the existing surface element set of the
updated current frame indicates a point cloud fusion processing result of the current frame
depth map, and the surface element set of the current frame comprises a set of surface

elements corresponding to depth-valid pixel points in the current frame depth map, and

wherein the set update comprises at least one of the following operations: surface

element addition, surface element update, or surface element deletion.

13. The method according to claim 12, wherein each of the at least one surface element
further comprises a position, a normal vector, an interior point weight, and an exterior point
weight of the corresponding pixel point, wherein the interior point weight is configured to
indicate a probability that the corresponding pixel point is an interior point, the exterior point
weight is configured to indicate a probability that the corresponding pixel point is an exterior
point, and a difference between the interior point weight and the exterior point weight is

configured to indicate the depth confidence of the corresponding pixel point.
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14. The method according to claim 12, wherein performing, according to the surface element
set of the current frame, the set update on the existing surface element set of the updated

previous frame comprises:

if a first surface element uncovered by the existing surface element set of the updated
previous frame exists in the surface element set of the current frame, adding the first surface

element to the existing surface element set of the updated previous frame.

15. The method according to claim 12, wherein performing, according to the surface element
set of the current frame, the set update on the existing surface element set of the updated

previous frame comprises:

adding the second surface element to the existing surface element set of the updated

previous frame when the following conditions are met:

a second surface element covered by the existing surface element set of the updated
previous frame exists in the surface element set of the current frame, a depth of the second
surface element is greater than a projection depth of a corresponding surface element in the
existing surface element set of the updated previous frame, and a difference between the depth
of the second surface element and the projection depth of the corresponding surface element
in the existing surface element set of the updated previous frame is greater than or equal to a

first set depth threshold.

16. The method according to claim 13, wherein performing, according to the surface element
set of the current frame, the set update on the existing surface element set of the updated

previous frame comprises:

adding an exterior point weight value of the corresponding surface element in the
existing surface element set of the updated previous frame when the following conditions are

met:

the second surface element uncovered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the depth of the
second surface element is less than the projection depth of the corresponding surface element
in the existing surface element set of the updated previous frame, and the difference between

the depth of the second surface element and the projection depth of the corresponding surface
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element in the existing surface element set of the updated the previous frame is greater than or

equal to a second set depth threshold.

17. The method according to claim 13, wherein performing, according to the surface element
set of the current frame, the set update on the existing surface element set of the updated

previous frame comprises:

updating the position and the normal vector of the corresponding surface element in
the existing surface element set of the updated previous frame and adding an interior point
weight value of the corresponding surface element in the existing surface element set of the

updated previous frame, when the following conditions are met:

the second surface element uncovered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the difference
between the depth of the second surface element and the projection depth of the
corresponding surface element in the existing surface element set of the updated previous
frame is less than a third set depth threshold, and an included angle between a normal vector
of the corresponding surface element in the existing surface element set of the updated
previous frame and a normal vector of the second surface element is less than or equal to a set

angle value.

18. The method according to claim 13, wherein performing, according to the surface element
set of the current frame, the set update on the existing surface element set of the updated

previous frame comprises:

adding the exterior point weight value of the corresponding surface element in the
existing surface element set of the updated previous frame when the following conditions are

met:

the second surface element uncovered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the difference
between the depth of the second surface element and the projection depth of the
corresponding surface element in the existing surface element set of the updated previous
frame is less than the third set depth threshold, and the included angle between the normal

vector of the corresponding surface element in the existing surface element set of the updated
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previous frame and the normal vector of the second surface element is greater than the set

angle value.

19. The method according to claim 12, wherein performing, according to the surface element
set of the current frame, the set update on the existing surface element set of the updated

previous frame comprises:

if a surface element satisfying a preset deletion condition exists in the surface element
set of the current frame, deleting the surface element satisfying the preset deletion condition
in the surface element set of the current frame, wherein the surface element satisfying the
preset deletion condition is: a surface element of the corresponding pixel point having a depth

confidence lower than a set confidence threshold.

20. A point cloud fusion apparatus, which comprises a determination module and a fusion

module, wherein

the determination module is configured to determine, according to at least two
influence factors in scene information and/or camera information, depth confidences of pixel
points in a current frame depth map, wherein the scene information and the camera

information each at least comprises one influence factor; and

the fusion module is configured to perform point cloud fusion processing on the pixel

points in the current frame depth map according to the depth confidences.

21. The apparatus according to claim 20, wherein the determination module is configured to
obtain at least one depth-valid pixel point in the current frame depth map, and determine,
according to the at least two influence factors in the scene information and/or the camera

information, a depth confidence of each of the at least one depth-valid pixel point; and

the fusion module is configured to perform point cloud fusion processing on the at
least one depth-valid pixel point in the current frame depth map according to the depth

confidences.

22. The apparatus according to claim 21, wherein the determination module is configured to
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detect, according to at least one reference frame depth map, whether depths of the pixel points
in the current frame depth map are valid, and reserve the at least one depth-valid pixel point in

the current frame depth map.

23. The apparatus according to claim 22, wherein the at least one reference frame depth map
comprises at least one frame depth map obtained before the current frame depth map is

obtained.

24. The apparatus according to claim 22, wherein the determination module is configured to
perform depth consistency check on the depths of the pixel points in the current frame depth
map by using at least one reference frame depth map, and determine a depth of a pixel point
passing the depth consistency check as valid, and determining a depth of a pixel point not

passing the depth consistency check as invalid.

25. The apparatus according to claim 24, wherein the determination module is configured to:

obtain a plurality of reference frame depth maps, determine whether a first pixel point
in the current frame depth map and a corresponding pixel point in each of the plurality of

reference frame depth maps satisfy a depth consistency condition;

if a quantity of corresponding pixel points satisfying the depth consistency condition
with the first pixel point is greater than or equal to a set value, determine that the first pixel
point passes the depth consistency check, or if a quantity of corresponding pixel points
satisfying the depth consistency condition with the first pixel point is less than the set value,
determine that the first pixel point does not pass the depth consistency check, the first pixel

point being any one pixel point in the current frame depth map.

26. The apparatus according to claim 25, wherein the determination module is configured to:

project the first pixel point to each of the plurality of reference frame depth maps to
obtain the projection position and a projection depth of a projection point in each of the

plurality of reference frame depth maps;
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obtain a measured depth value of the projection position in each of the plurality of

reference frame depth maps;

obtain a difference between the projection depth of the projection point and the
measured depth value of the projection position in each of the plurality of reference frame

depth maps;

if the difference is less than or equal to a first set depth threshold, determine that the
first pixel point and a corresponding pixel point in its corresponding reference frame depth
map satisfy the depth consistency condition, or if the difference is greater than the first set
depth threshold, determine that the first pixel point and the corresponding pixel point in the

corresponding reference frame depth map do not satisfy the depth consistency condition.

27. The apparatus according to any one of claims 20 to 26, wherein the scene information
comprises at least one influence factor in a scene structure and a scene texture, and the camera

information at least comprises a camera configuration.

28. The apparatus according to claim 27, wherein the determination module is configured to
respectively obtain, for the pixel points in the current frame depth map, weights
corresponding to at least two influence factors in the scene structure, the camera configuration,
and the scene texture, and fuse the weights corresponding to the at least two influence factors

to obtain the depth confidences of the pixel points in the current frame depth map.

29. The apparatus according to claim 28, the determination module is configured to
respectively obtain the weights corresponding to at least two influence factors in the scene
structure, the camera configuration, and the scene texture according to attribute information of
the pixel point in the current frame depth map, the attribute information at least comprising: a

position and/or a normal vector.

30. The apparatus according to claim 28, wherein the determination module is configured to
multiply the weights corresponding to the at least two influence factors to obtain a joint

weight; and obtain the depth confidences of the pixel points in the current frame depth map
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according to the joint weight.

31. The apparatus according to any one of claims 20 to 26, wherein the fusion module is
configured to indicate the pixel points in the current frame depth map by using at least one
surface element, each of the at least one surface element at least comprising a depth

confidence of its corresponding pixel point; and

the fusion module is configured to perform, according to a surface element set of a
current frame, set update on an existing surface element set of an updated previous frame, to
obtain an existing surface element set of an updated current frame, wherein the existing
surface element set of the updated current frame indicates a point cloud fusion processing
result of the current frame depth map, the surface element set of the current frame comprises a
set of surface elements corresponding to depth-valid pixel points in the current frame depth

map, and

wherein the set update comprises at least one of the following operations: surface

element addition, surface element update, or surface element deletion.

32. The apparatus according to claim 31, wherein each of the at least one surface element
further comprises a position, a normal vector, an interior point weight, and an exterior point
weight of the corresponding pixel point, wherein the interior point weight is configured to
indicate a probability that the corresponding pixel point is an interior point, the exterior point
weight is configured to indicate a probability that the corresponding pixel point is an exterior
point, and a difference between the interior point weight and the exterior point weight is

configured to indicate the depth confidence of the corresponding pixel point.

33. The apparatus according to claim 31, wherein the fusion module is configured to, if a first
surface element uncovered by the existing surface element set of the updated previous frame
exists in the surface element set of the current frame, add the first surface element to the

existing surface element set of the updated previous frame.

34. The apparatus according to claim 31, wherein the fusion module is configured to: add the
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second surface element to the existing surface element set of the updated previous frame

when the following conditions are met:

if a second surface element covered by the existing surface element set of the updated
previous frame exists in the surface element set of the current frame, a depth of the second
surface element is greater than a projection depth of a corresponding surface element in the
existing surface element set of the updated previous frame, and a difference between the depth
of the second surface element and the projection depth of the corresponding surface element
in the existing surface element set of the updated previous frame is greater than or equal to a

first set depth threshold.

35. The apparatus according to claim 32, wherein the fusion module is configured to, add an
exterior point weight value of the corresponding surface element in the existing surface

element set of the updated previous frame when the following conditions are met:

if the second surface element covered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the depth of the
second surface element is less than the projection depth of the corresponding surface element
in the existing surface element set of the updated previous frame, and the difference between
the depth of the second surface element and the projection depth of the corresponding surface
element in the existing surface element set of the updated previous frame is greater than or

equal to a second set depth threshold.

36. The apparatus according to claim 32, wherein the fusion module is configured to, update
the position and the normal vector of the corresponding surface element in the existing
surface element set of the updated previous frame and add an interior point weight value of
the corresponding surface element in the existing surface element set of the updated previous

frame, when the following conditions are met:

if the second surface element covered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the difference
between the depth of the second surface element and the projection depth of the
corresponding surface element in the existing surface element set of the updated previous

frame is less than a third set depth threshold, and an included angle between a normal vector
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of the corresponding surface element in the existing surface element set of the updated
previous frame and a normal vector of the second surface element is less than or equal to a set

angle value.

37. The apparatus according to claim 32, wherein the fusion module is configured to, add the
exterior point weight value of the corresponding surface element in the existing surface

element set of the updated previous frame when the following conditions are met:

if the second surface element covered by the existing surface element set of the
updated previous frame exists in the surface element set of the current frame, the difference
between the depth of the second surface element and the projection depth of the
corresponding surface element in the existing surface element set of the updated previous
frame is less than the third set depth threshold, and the included angle between the normal
vector of the corresponding surface element in the existing surface element set of the updated
previous frame and the normal vector of the second surface element is greater than the set

angle value.

38. The apparatus according to claim 31, wherein the fusion module is configured to: if a
surface element satisfying a preset deletion condition exists in the surface element set of the
current frame, delete the surface element satisfying the preset deletion condition in the surface
element set of the current frame, wherein the surface element satisfying the preset deletion
condition is: a surface element of the corresponding pixel point having a depth confidence

lower than a set confidence threshold.

39. An electronic device, comprising a processor and a memory configured to store a

computer program executable by the processor, wherein

the processor is configured to execute, when the computer program is run, the method

according to any one of claims 1 to 19.
40. A computer storage medium having a computer program stored thereon, wherein the

computer program, when being executed by a processor, causes the processor to implement

the method according to any one of claims 1 to 19.
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41. A computer program, wherein the computer program, when being executed by a processor,

enables to implement the method according to any one of claims 1 to 19.
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