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

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] The disclosure is filed based upon and claims priority to Chinese Patent
Application No. 202010618348.2 filed on June 30, 2020 by Shanghai SenseTime
Intelligent Technology Co., Ltd. and entitled "Point Cloud Data Fusion Method and
Apparatus, Electronic Device, and Storage Medium", the disclosure of which is hereby

incorporated by reference in its entirety.

TECHNICAL FIELD

[ 0002] The disclosure relates to the technical field of computer vision, and relates, but
is not limited, to a point cloud data fusion method and apparatus, an electronic device, a

computer-readable storage medium, and a computer program.

BACKGROUND

[ 0003] A laser radar detects the position of a target by reflecting a laser beam, which
has the characteristics of long detection distance and high measurement precision, and

can be thus widely used in the field of automatic driving.

[ 0004] Generally, in order to reduce a detection blind area and increase a detection
distance, multiple laser radars may be mounted on a vehicle. Manufacturers
corresponding to the mounted plurality of laser radars may be different, or models
corresponding to the multiple laser radars may be different, thus resulting in inconsistent
reflectivity measurement standards of the multiple laser radars, resulting in inconsistent

reflectivity measurement standards corresponding to different fused point cloud data,



resulting in distortion of a target object characterized by the fused point cloud data, and
further resulting in low execution result accuracy when performing tasks such as target
detection, target tracking and high-precision map building based on the fused point cloud

data.

SUMMARY

[ 0005] Embodiments of the disclosure at least provide a point cloud data fusion
method and apparatus, an electronic device, a computer-readable storage medium, and a

computer program.

[ 0006] Embodiments of the disclosure provide a point cloud data fusion method,

which may include the following operations.

[ 0007] Point cloud data collected respectively by a primary radar and each secondary
radar arranged on a target vehicle is acquired. The primary radar is one of radars on the
target vehicle, and the secondary radar is a radar other than the primary radar among the

radars on the target vehicle.

[ 0008] A reflectivity in the point cloud data collected by the secondary radar is
adjusted based on a pre-determined reflectivity calibration table of the secondary radar to
obtain adjusted point cloud data of the secondary radar. The reflectivity calibration table
represents target reflectivity information of the primary radar, which matches each

reflectivity corresponding to each scanning line of the secondary radar.

[ 0009] The point cloud data collected by the primary radar and the adjusted point
cloud data corresponding to the secondary radar are fused to obtain fused point cloud
data.

[ 0010] Embodiments of the disclosure further provide a point cloud data fusion

apparatus, which may include an acquisition portion, an adjustment portion and a fusion

portion.

[0011] The acquisition portion is configured to acquire point cloud data collected



respectively by a primary radar and each secondary radar arranged on a target vehicle.
The primary radar is one of radars on the target vehicle, and the secondary radar is a

radar other than the primary radar among the radars on the target vehicle.

[ 0012] The adjustment portion is configured to adjust, based on a pre-determined
reflectivity calibration table of the secondary radar, a reflectivity in the point cloud data
collected by the secondary radar to obtain adjusted point cloud data of the secondary
radar. The reflectivity calibration table represents target reflectivity information of the
primary radar, which matches each reflectivity corresponding to each scanning line of the

secondary radar.

e fusion portion 1s configured to fuse the point cloud data collected by the
[ 0013] The fusi ion i figured to fuse the point cloud d llected by th
primary radar and the adjusted point cloud data of the secondary radar to obtain fused

point cloud data.

[ 0014] Embodiments of the disclosure further provide an electronic device, which
may include a processor, a memory, and a bus. The memory may store a machine-
readable instruction executable for the processor. When the electronic device operates,
the processor may communicate with the memory through the bus. The machine-readable
instruction may be executed by the processor to perform any point cloud data fusion

method as described above.

[ 0015] Embodiments of the disclosure further provide a computer-readable storage
medium, which has stored thereon a computer program that, when executed by a

processor, performs any point cloud data fusion method as described above.

[ 0016] Embodiments of the disclosure further provide a computer program, which
may include computer-readable codes. When the computer-readable codes are executed
in an electronic device, a processor in the electronic device may perform any point cloud

data fusion method as described above.

[ 0017] The embodiments of the disclosure provide a point cloud data fusion method
and apparatus, an electronic device, a storage medium, and a computer program. Since a
reflectivity calibration table is pre-generated, the reflectivity calibration table

characterizes target reflectivity information of a primary radar matching each reflectivity



corresponding to each scanning line of a secondary radar, and after obtaining point cloud
data collected by the secondary radar, a reflectivity in the point cloud data collected by
the secondary radar may be adjusted according to the reflectivity calibration table, so that
point cloud data collected by the primary radar is consistent with a measurement standard
corresponding to the reflectivity in the adjusted point cloud data collected by the
secondary radar. Furthermore, the distortion of the fused point cloud data can be relieved,

and the accuracy of target detection can be improved.

[ 0018] In order that the above objects, features and advantages of the disclosure are
more comprehensible, preferred embodiments accompanied with the accompanying

drawings are described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0019] For describing the technical solutions of the embodiments of the disclosure
more clearly, the drawings required to be used in the embodiments will be simply
introduced below. The drawings, which are incorporated in and constitute a part of this
specification, illustrate embodiments consistent with the disclosure and, together with the
specification, serve to explain the technical solutions of the disclosure. It is to be
understood that the following drawings only illustrate some embodiments of the
disclosure and thus should not be considered as limits to the scope. Those of ordinary
skill in the art may also obtain other related drawings according to these drawings

without creative work.

[ 0020] FIG. 1A is a schematic flowchart of a point cloud data fusion method

according to an embodiment of the disclosure.

[ 0021] FIG. 1B is a schematic diagram of an application scenario according to an

embodiment of the disclosure.

[ 0022] FIG. 2 is a schematic flowchart of a mode of determining a reflectivity
calibration table in a point cloud data fusion method according to an embodiment of the

disclosure.



[ 0023] FIG. 3 is a schematic architecture diagram of a point cloud data fusion

apparatus according to an embodiment of the disclosure.

[ 0024] FIG. 4 is a schematic structural diagram of an electronic device according to an

embodiment of the disclosure.

DETAILED DESCRIPTION

[ 0025] In order to make the objectives, technical solutions, and advantages of the
embodiments of the disclosure clearer, the technical solutions in the embodiments of the
disclosure will be clearly and completely described below in combination with the
drawings in the embodiments of the disclosure. It is apparent that the described
embodiments are not all but only part of embodiments of the disclosure. Components,
described and shown in the drawings, of the embodiments of the disclosure may usually
be arranged and designed with various configurations. Therefore, the following detailed
descriptions about the embodiments of the disclosure provided in the drawings are not
intended to limit the claimed scope of the disclosure but only represent selected
embodiments of the disclosure. All other embodiments obtained by those skilled in the
art based on the embodiments of the disclosure without creative work shall fall within the

scope of protection of the disclosure.

[ 0026] In the related art, multiple radars may be arranged on a target vehicle, each
radar collects point cloud data respectively, the point cloud data collected by the multiple
radars is fused to obtain relatively rich fused point cloud data, and then target detection
or target tracking may be performed based on the fused point cloud data. However, the
corresponding reflectivities of different radars may be inconsistent, so that the
reflectivities of different source point cloud data are not uniform when fusing, and the
fused point cloud data obtained has the problem of distortion, which reduces the accuracy

of execution results.

[ 0027] Radars in the embodiments of the disclosure include laser radars, millimeter
wave radars, ultrasonic radars, etc., and the radars performing point cloud data fusion

may be radars of the same type or different types. In the embodiments of the disclosure,



the description will be given only with the case that radars performing point cloud data

fusion are laser radars.

[ 0028] In the related art, laser radars may be calibrated manually or automatically.
The calibration precision of the manual calibration is high, and the manual calibration
result may be taken as a true value. Generally, laser radar manufacturers perform the
manual calibration when the device leaves the factory, but the manual calibration
requires a special darkroom and calibration device. The automatic calibration mode
generally requires the laser radars to perform a certain known motion while collecting
point cloud data. However, reflectivity calibration is not performed for multiple laser

radars in the related art.

[ 0029] In order to solve the above technical problem, an embodiment of the disclosure

provides a point cloud data fusion method.

[ 0030] In order to facilitate an understanding of the embodiment of the disclosure, a
point cloud data fusion method according to the embodiment of the disclosure will first

be described in detail.

[ 0031] FIG. 1A shows a schematic flowchart of a point cloud data fusion method

according to an embodiment of the disclosure. The method includes S101-S103.

[ 0032] In S101, point cloud data collected respectively by a primary radar and each
secondary radar arranged on a target vehicle is acquired. The primary radar is one of
radars on the target vehicle, and the secondary radar is a radar other than the primary

radar among the radars on the target vehicle.

[ 0033] In S102, a reflectivity in the point cloud data collected by the secondary radar
is adjusted based on a pre-determined reflectivity calibration table corresponding to the
secondary radar to obtain adjusted point cloud data of the secondary radar. The
reflectivity calibration table represents target reflectivity information of the primary radar,
which matches each reflectivity corresponding to each scanning line of the secondary

radar.

[ 0034] In S103, the point cloud data collected by the primary radar and the adjusted



point cloud data corresponding to the secondary radar are fused to obtain fused point

cloud data.

[ 0035] In some embodiments, the target vehicle may be controlled based on the fused
point cloud data. Exemplarily, target detection and target tracking may be performed
based on the fused point cloud data, and the target vehicle may be controlled based on

detection and tracking results.

[ 0036] In the above method, a reflectivity calibration table is pre-generated, the
reflectivity calibration table characterizes target reflectivity information of a primary
radar matching each reflectivity corresponding to each scanning line of a secondary radar,
and after obtaining point cloud data collected by the secondary radar, a reflectivity in the
point cloud data collected by the secondary radar may be adjusted according to the
reflectivity calibration table, so that point cloud data collected by the primary radar is
consistent with a measurement standard corresponding to the reflectivity in the adjusted
point cloud data collected by the secondary radar. Furthermore, the distortion of the fused

point cloud data can be relieved, and the accuracy of target detection can be improved.
[ 0037] S101 to S103 are described in detail below.

[ 0038] In some embodiments, the primary and secondary radars may be radars
arranged at different positions on the target vehicle, and the primary and secondary
radars may be multi-line radars. The types and arrangement positions of the primary and
secondary radars may be set according to actual needs, and the number of the secondary
radars may be plural. In one example, the primary radar may be a laser radar arranged at
a middle position of the target vehicle, i.e. a primary laser radar, and the two secondary
radars may be laser radars arranged at positions on both sides of the target vehicle, i.e. a

secondary laser radar.

[ 0039] In another example, referring to FIG. 1B, there are four radars on a target
vehicle 10, which are a first radar 11, a second radar 12, a third radar 13, and a fourth
radar 14, respectively, any one of the first radar 11, the second radar 12, the third radar
13, and the fourth radar 14 is a primary radar, and three of the four radars other than the

primary radar are secondary radars.



[ 0040] The primary radar may be a 16-line, 32-line, 64-line or 128-line laser radar,

and the secondary radar may be a 16-line, 32-line, 64-line or 128-line laser radar.

[ 0041] After point cloud data is collected by the primary radar and the secondary radar,
point cloud data collected by the primary radar and the secondary radar respectively may
be acquired. Generally, the point cloud data collected by the primary radar includes data
respectively corresponding to multiple scanning points. In the point cloud data collected
by the primary radar, the data corresponding to each scanning point includes position
information and reflectivity of the scanning point in a rectangular coordinate system
corresponding to the primary radar. The point cloud data collected by the secondary radar
may include data respectively corresponding to multiple scanning points. In the point
cloud data collected by the secondary radar, the data corresponding to each scanning
point includes position information and reflectivity of the scanning point in a rectangular

coordinate system corresponding to the secondary radar.

[ 0042] In some embodiments, after the point cloud data corresponding to the primary
radar and the secondary radar respectively is acquired, coordinate conversion is
performed on the point cloud data corresponding to the secondary radar, so that the point
cloud data after coordinate conversion and the point cloud data acquired by the primary
radar are located in the same coordinate system, i.e. the point cloud data after coordinate
conversion is located in the rectangular coordinate system corresponding to the primary
radar. A reflectivity in the point cloud data collected by the secondary radar may be
adjusted using a pre-determined reflectivity calibration table of the secondary radar to
obtain adjusted point cloud data corresponding to the secondary radar. The point cloud
data collected by the primary radar and the adjusted point cloud data corresponding to the

secondary radar are fused to obtain fused point cloud data.

[ 0043] If there are multiple secondary radars, a corresponding reflectivity calibration
table may be generated for each secondary radar, and the point cloud data collected by
the corresponding secondary radar may be adjusted using the reflectivity calibration table
corresponding to each secondary radar to obtain adjusted point cloud data corresponding

to each secondary radar.

[ 0044] For a secondary radar, an m-row n-column reflectivity calibration table may be



obtained. m represents the number of scanning lines of the secondary radar, and n
represents a reflectivity value range corresponding to each scanning line. It can be seen
that when the number of secondary radars is a, a m-row n-column reflectivity calibration

tables may be obtained, and a is an integer greater than or equal to 1.

[ 0045] In some embodiments, for a secondary radar, the reflectivity calibration table
may be as shown in Table 1 below, and the reflectivity calibration table may be a
reflectivity calibration table for a 16-line secondary laser radar. Table 1 includes target
reflectivity information of the primary laser radar matching each reflectivity of each
scanning line in the secondary laser radar, and 256 reflectivities corresponding to each
scanning line (the 256 reflectivities may be reflectivity 0, reflectivity 1, ..., reflectivity
255). That is, the reflectivity calibration table includes target reflectivity information
matching each reflectivity of each scanning line in 16 lines. The target reflectivity
information may include a target average reflectivity value, a target reflectivity variance,
a target reflectivity maximum value, a target reflectivity minimum value, etc. The target
average reflectivity value may be a positive integer, and the target reflectivity variance
may be a positive real number. For example, target reflectivity information of a primary
laser radar matching a scanning line Ring0 and reflectivity 0 may be information X00,
and target reflectivity information of a primary laser radar matching a scanning line

Ring15 and reflectivity 255 may be information X15255.

Table 1 Reflectivity Calibration Table

Reflectivity 0 | 255

Lines
Ring0 X00 Xor 0 L X0255
Ringl X10 X1 X1255
Ringl5 X150 X151 | L X15255

[ 0046] In some embodiments, referring to FIG. 2, the reflectivity calibration table is

determined according to the following steps.

[ 0047] In S201, first sample point cloud data collected by the primary radar arranged
on a sample vehicle and second sample point cloud data collected by the secondary radar

arranged on the sample vehicle are acquired.




[ 0048] In S202, voxel map data is generated based on the first sample point cloud data.
The voxel map data includes data of multiple three-dimensional (3D) voxel grids, and the
data of each 3D voxel grid includes reflectivity information determined based on point

cloud data of multiple scanning points in the 3D voxel grid.

[ 0049] In S203, the reflectivity calibration table is generated based on the second
sample point cloud data and the data of the multiple 3D voxel grids.

[ 0050] In some embodiments, the sample vehicle and the target vehicle may be the
same vehicle or may be different vehicles. The sample vehicle provided with the primary
radar and the secondary radar may be controlled to travel for a preset distance on a preset
road to obtain first sample point cloud data and second sample point cloud data. If there
are multiple secondary radars, second sample point cloud data corresponding to each

secondary radar may be obtained.

[ 0051] In some embodiments, the voxel map data may be generated based on the first
sample point cloud data. In specific implementation, the range of the voxel map data may
be determined according to the first sample point cloud data. For example, if the first
sample point cloud data is sample point cloud data within a first distance range, a second
distance range corresponding to the voxel map data may be determined from the first
distance range. The second distance range corresponding to the voxel map data is located
within the first distance range. And then the voxel map data in the second distance range
is divided to obtain multiple 3D voxel grids within the second distance range, and initial
data of each 3D voxel grid is determined, i.e. the initial data of each 3D voxel grid is set
as a preset initial value. For example, when the data of the 3D voxel grid includes an
average reflectivity value, a reflectivity variance and a number of scanning points, the
initial data of each 3D voxel grid may be that the average reflectivity value is O, the
reflectivity variance is 0 and the number of scanning points is 0. And then the initial data
of each 3D voxel grid is updated using the point cloud data of the multiple scanning

points in the first sample point cloud data to obtain updated data of each 3D voxel grid.

[ 0052] The above implementation provides a method for generating a reflectivity
calibration table. Voxel map data is generated based on first sample point cloud data to

obtain reflectivity information of the first sample point cloud data on each 3D voxel grid,

10



and then a reflectivity calibration table is generated based on second sample point cloud
data and the voxel map data. The reflectivity calibration table may more accurately
reflect target reflectivity information of a primary radar matching each reflectivity of
each scanning line of a secondary radar, i.e. the generated reflectivity calibration table

has higher accuracy.

[ 0053] It can be seen that in order to generate the reflectivity calibration table, only
the second sample point cloud data and the data of multiple 3D voxel grids need to be
acquired without a harsh calibration environment and complicated professional
calibration device. In addition, the process of generating the reflectivity calibration table
may be automatically implemented based on the second sample point cloud data and the
data of the multiple 3D voxel grids without generating the reflectivity calibration table by
a large amount of human intervention. Thus, the embodiment of the disclosure can more

easily calibrate the reflectivity of the radar.

[ 0054] In some embodiments, the operation that the voxel map data is generated based

on the first sample point cloud data includes the following operations.

[ 0055] Multiple pieces of pose data collected sequentially during movement of the

sample vehicle is acquired.

[ 0056] De-distortion processing is performed on the first sample point cloud data

based on the multiple pieces of pose data to obtain processed first sample point cloud

data.

[ 0057] The voxel map data is generated based on the processed first sample point
cloud data.

[ 0058] Exemplarily, a positioning device such as a Global Navigation Satellite

System-Inertial Navigation System (GNSS-INS) may be arranged on the sample vehicle,
the positioning device may be used to position the sample vehicle so as to obtain multiple
pieces of pose data collected sequentially during movement of the sample vehicle, and
the positioning precision of the positioning device may reach centimeter-level precision.
Or, the sample vehicle may be controlled to travel at a constant speed, and multiple

pieces of pose data may be calculated according to time when the primary radar or the
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secondary radar transmits and receives a radio beam.

[ 0059] De-distortion processing may be performed on the first sample point cloud
data using the multiple pieces of pose data to obtain processed first sample point cloud
data. Since the radar acquires the point cloud data by scanning the environment
periodically, when the radar is in a motion state, the generated point cloud data will be
distorted, and the de-distortion mode is to convert the obtained point cloud data to the
same time, i.e. the point cloud data after de-distortion may be considered to be the point
cloud data obtained at the same time. Therefore, the processed first sample point cloud
data may be understood as the first sample point cloud data obtained at the same time.
Then the voxel map data may be generated based on the processed first sample point

cloud data.

[ 0060] In the above implementation, the de-distortion processing process may
eliminate a deviation caused by different radar positions corresponding to different
frames of first sample point cloud data and a deviation caused by different batches of first
sample point cloud data in each frame of first sample point cloud data, so that the
processed first sample point cloud data may be understood as the first sample point cloud
data measured at the same radar position, when the voxel map data is generated based on
the first sample point cloud data obtained after de-distortion processing, the accuracy of
the generated voxel map data can be improved, and the reflectivity calibration table can

be generated with high accuracy.

[ 0061] In some embodiments, the reflectivity information includes an average
reflectivity value, and the data of each 3D voxel grid included in the voxel map data is

determined according to the following steps.

[ 0062] For each of the 3D voxel grids, an average reflectivity value corresponding to
the 3D voxel grid is determined based on a reflectivity of the point cloud data of each

scanning point in the 3D voxel grid.

[ 0063] In the embodiment of the disclosure, the 3D voxel grid where each scanning
point is located may be determined according to the position information corresponding

to each scanning point in the first sample point cloud data, and then various scanning

12



points included in each 3D voxel grid may be obtained. For each 3D voxel grid, the
reflectivity of each scanning point in the 3D voxel grid is averaged to obtain an average

reflectivity value corresponding to the 3D voxel grid.

[ 0064] In some embodiments, the operation that the reflectivity calibration table is
generated based on the second sample point cloud data and the data of the multiple 3D

voxel grids may include the following operations.

[ 0065] For each reflectivity of each scanning line of the secondary radar, position
information of multiple target scanning points corresponding to the reflectivity is
determined from the second sample point cloud data. The multiple target scanning points
are scanning points obtained by scanning through the scanning line. At least one 3D
voxel grid corresponding to the multiple target scanning points is determined based on
the position information of the multiple target scanning points. Target reflectivity
information of the primary radar matching the reflectivity of the scanning line is
determined based on the average reflectivity value corresponding to the at least one 3D

voxel grid.

[ 0066] The reflectivity calibration table is generated based on the determined target
reflectivity information of the primary radar matching each reflectivity of each scanning

line of the secondary radar.

[ 0067] For example, for a scanning line Ring1 and reflectivity 1 of a secondary radar,
a scanning point scanned by the scanning line Ringl is determined from second sample
point cloud data, and multiple target scanning points with reflectivity 1 may be
determined from the scanning point which may be scanned by Ringl. At least one 3D
voxel grid corresponding to the multiple target scanning points is determined according
to position information of the multiple target scanning points. A target average
reflectivity value and a target reflectivity variance (the target average reflectivity value
and the target reflectivity variance are target reflectivity information) of the primary
radar matching the scanning line Ringl and reflectivity 1 may be calculated based on the
average reflectivity value corresponding to at least one 3D voxel grid. Then the
reflectivity calibration table may be generated based on the target reflectivity information

of the primary radar matching each reflectivity of each scanning line of the secondary
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radar.

[ 0068] In some embodiments, multiple target scanning points corresponding to each
reflectivity of each scanning line are determined by traversing the second sample point
cloud data. Then at least one 3D voxel grid corresponding to each reflectivity of each
scanning line is determined based on position information of the multiple target scanning
points. Then target reflectivity information of the primary radar respectively matching
each reflectivity of each scanning line may be determined based on an average
reflectivity value corresponding to at least one 3D voxel grid corresponding to each
reflectivity of each scanning line. Finally, the reflectivity calibration table is generated
based on the target reflectivity information of the primary radar respectively matching

each reflectivity of each scanning line.

[ 0069] Multiple target scanning points corresponding to each reflectivity of each
scanning line are determined by traversing the second sample point cloud data. Then at
least one 3D voxel grid corresponding to each reflectivity of each scanning line is
determined based on position information of the multiple target scanning points, i.e. at
least one 3D voxel grid corresponding to each box in the reflectivity calibration table is
determined. Then target reflectivity information in each box may be determined based
on an average reflectivity value corresponding to at least one 3D voxel grid

corresponding to each box, and the reflectivity calibration table is generated.

[ 0070] It can be understood that when radio beams generated by different radars
impinge on the same object, the corresponding reflectivities should be consistent, i.e. it
can be considered that the reflectivity of the scanning point scanned by the primary radar
is consistent with the reflectivity of the scanning point scanned by the secondary radar in
the same 3D voxel grid. Therefore, at least one 3D voxel grid corresponding to each
reflectivity of each scanning line of the secondary radar may be determined, target
reflectivity information of the primary radar matching the reflectivity of this scanning
line may be more accurately determined according to an average reflectivity value
corresponding to at least one 3D voxel grid, and then a more accurate reflectivity

calibration table may be generated.

[ 0071] In some embodiments, the data of the 3D voxel grid includes the average
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reflectivity value, and a weight influence factor including at least one of a reflectivity

variance or a number of scanning points.

[ 0072] In a case where the at least one 3D voxel grid includes multiple 3D voxel grids,
the operation that the target reflectivity information of the primary radar matching the
reflectivity of the scanning line is determined based on the average reflectivity value

corresponding to the at least one 3D voxel grid includes the following operations.

[ 0073] A weight corresponding to each of the at least one 3D voxel grid is determined

based on the weight influence factor.

[ 0074] The target reflectivity information of the primary radar matching the
reflectivity of the scanning line is determined based on the weight corresponding to each

3D voxel grid and the corresponding average reflectivity value thereof.

[ 0075] Here, the weight corresponding to each of the at least one 3D voxel grid may
be determined according to the weight influence factor after determining at least one 3D

voxel grid corresponding to each reflectivity of each scanning line of the secondary radar.

[ 0076] For example, when the weight influence factor is the reflectivity variance value,
the weight of the 3D voxel grid with a large reflectivity variance may be set smaller, and
the weight of the 3D voxel grid with a small reflectivity variance may be set larger.
When the weight influence factor is the number of scanning points, the weight of the 3D
voxel grid with a larger number of scanning points may be set larger, and the weight of
the 3D voxel grid with a smaller number of scanning points may set smaller. When the
weight influence factor includes the reflectivity variance and the number of scanning
points, the weight of the 3D voxel grid with a small reflectivity variance and a large
number of scanning points is set larger, and the weight of the 3D voxel grid with a large

reflectivity variance and a small number of scanning points is set smaller, etc.

[ 0077] Further, a target average reflectivity value may be obtained by weighted
averaging based on the weight corresponding to each 3D voxel grid and the average
reflectivity value, and a target reflectivity variance may be obtained by weighted variance,
i.e. the target reflectivity information of the primary radar matching each reflectivity of

each scanning line is obtained.
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[ 0078] In some embodiments, a weight may be determined for each 3D voxel grid, the
weight of the 3D voxel grid with high credibility is set larger (for example, the 3D voxel
grid with a small reflectivity variance and a large number of scanning points has high
credibility), and the weight of the 3D voxel grid with low credibility is set smaller, so
that the target reflectivity information of the primary radar matching the reflectivity of
this scanning line may be determined more accurately based on the weight corresponding
to each 3D voxel grid and the average reflectivity value, and thus the obtained reflectivity

calibration table may have high accuracy.

[ 0079] In some embodiments, the operation that the reflectivity calibration table is
generated based on the second sample point cloud data and the data of the multiple 3D

voxel grids includes the following operations.

[ 0080] Multiple pieces of pose data collected sequentially during movement of the
sample vehicle is acquired, and de-distortion processing is performed on the second
sample point cloud data based on the multiple pieces of pose data to obtain processed
second sample point cloud data. Relative position information between the first sample
point cloud data and the second sample point cloud data is determined based on position
information of the primary radar on the sample vehicle and position information of the
secondary radar on the sample vehicle. Coordinate conversion is performed on the
processed second sample point cloud data using the relative position information to
obtain second sample point cloud data in a target coordinate system. The target
coordinate system is a coordinate system corresponding to the first sample point cloud
data. The reflectivity calibration table is generated based on the second sample point

cloud data in the target coordinate system and the data of the multiple 3D voxel grids.

[ 0081] Here, multiple pieces of pose data corresponding to the sample vehicle may be
acquired, and de-distortion processing may be performed on the second sample point
cloud data based on the multiple pieces of pose data to obtain processed second sample
point cloud data. Coordinate conversion is performed on the second sample point cloud
data using the determined relative position information to obtain second sample point
cloud data in the target coordinate system, so that the second sample point cloud data

obtained after coordinate conversion and the first sample point cloud data are located in
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the same coordinate system. Finally, the reflectivity calibration table is generated using
the second sample point cloud data in the target coordinate system and the data of the

multiple 3D voxel grids.

[ 0082] In some embodiments, the second sample point cloud data may first be
subjected to de-distortion processing so as to eliminate a deviation caused by different
radar positions corresponding to each batch of sample point cloud data and each frame of
sample point cloud data in the second sample point cloud data. Then the second sample
point cloud data is converted to a target coordinate system corresponding to the first
sample point cloud data, and a deviation caused by different radar positions
corresponding to the second sample point cloud data and the first sample point cloud data
is eliminated, so that when the reflectivity calibration table is generated based on the
second sample point cloud data obtained after de-distortion processing and coordinate

conversion, the accuracy of the generated reflectivity calibration table can be improved.

[ 0083] In some embodiments, the first sample point cloud data and the second sample
point cloud data may be taken as target sample point cloud data respectively, the primary
radar is taken as a target radar when the target sample point cloud data is the first sample
point cloud data, and the secondary laser radar is taken as a target radar when the target
sample point cloud data is the second sample point cloud data. There are multiple frames
of the target sample point cloud data each including target sample point cloud data
collected through multiple scanning lines transmitted by the target radar. The target radar
transmits scanning lines in batches according to a preset frequency and transmits multiple

scanning lines in each batch.

[ 0084] In some embodiments, de-distortion processing may be performed on the

target sample point cloud data according to the following steps.

[ 0085] Pose information of the target radar when the target radar transmits the

scanning lines in each batch is determined based on the multiple pieces of pose data.

[ 0086] For target sample point cloud data collected through scanning lines transmitted
in a non-first batch among each frame of target sample point cloud data, coordinates of

the target sample point cloud data collected through the scanning lines in the non-first
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batch are converted to a coordinate system of a target radar corresponding to target
sample point cloud data collected through scanning lines transmitted in a first batch
among the each frame of target sample point cloud data based on pose information of the
target radar when the target radar transmits the scanning lines in the non-first batch, so as
to obtain target sample point cloud data subjected to first de-distortion corresponding to

the each frame of target sample point cloud data.

[ 0087] For any non-first frame of target sample point cloud data among multiple
frames of target sample point cloud data subjected to the first de-distortion, coordinates
of the non-first frame of target sample point cloud data are converted to a coordinate
system of a target radar corresponding to a first frame of target sample point cloud data
based on pose information of the target radar when scanning to obtain the non-first frame
of target sample point cloud data, so as to obtain target sample point cloud data subjected
to second de-distortion corresponding to the non-first frame of target sample point cloud

data.

[ 0088] Here, when the target sample point cloud data is the first sample point cloud
data, the first sample point cloud data may include multiple frames of first sample point
cloud data, and each frame of first sample point cloud data includes first sample point
cloud data in multiple batches. When performing de-distortion processing on the first
sample point cloud data, for each frame of first sample point cloud data in the first
sample point cloud data, the first sample point cloud data collected by transmitting
scanning lines in the not-first batch in this frame of first sample point cloud data may be
converted to the coordinate system of the primary radar corresponding to time when
scanning lines in the first batch are transmitted in this frame of first sample point cloud
data to complete first de-distortion processing. After the first de-distortion processing, for
any non-first frame of first sample point cloud data in the multiple frames of first sample
point cloud data, the coordinates of this frame of first sample point cloud data is also
converted to the coordinate system of the primary radar corresponding to the first frame

of first sample point cloud data to complete second de-distortion processing.

[ 0089] For example, if the first sample point cloud data includes 50 frames of first

sample point cloud data, i.e. a first frame of first sample point cloud data, a second frame
plep ) ple p )
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of first sample point cloud data, ..., a fiftieth frame of first sample point cloud data, each
frame of first sample point cloud data includes 10 batches of first sample point cloud data,
i.e. a first batch of first sample point cloud data, a second batch of first sample point
cloud data, ..., a tenth batch of first sample point cloud data. For each batch of first
sample point cloud data in the second batch of first sample point cloud data to the tenth
batch of first sample point cloud data among each frame of first sample point cloud data,
pose information when the primary radar transmits scanning lines in this batch is
determined by means of an interpolation method, the coordinates of this batch of first
sample point cloud data (i.e., the first sample point cloud data collected through scanning
lines in this batch) are converted to the coordinate system of the primary radar
corresponding to time when scanning lines in the first batch are transmitted in this frame
of first sample point cloud data, i.e. to the coordinate system of the primary radar
corresponding to the first batch of first sample point cloud data in this frame of first
sample point cloud data, and then first sample point cloud data corresponding to each

frame of first sample point cloud data after first de-distortion may be obtained.

[ 0090] For each frame of first sample point cloud data among the second frame of first
sample point cloud data to the fiftieth frame of first sample point cloud data, the
coordinates of this frame of first sample point cloud data are converted to the coordinate
system of the primary radar corresponding to the first frame of first sample point cloud
data based on pose information of the primary radar when scanning to obtain this frame
of first sample point cloud data, so as to obtain first sample point cloud data subjected to

second de-distortion corresponding to the first sample point cloud data.

[ 0091] The de-distortion process of the second sample point cloud data may refer to
the de-distortion process of the first sample point cloud data, and will not be elaborated

herein.

[ 0092] Here, the target sample point cloud data collected by the non-first batch of
scanning lines in each frame of target sample point cloud data and the non-first frame of
target sample point cloud data in different frames of target sample point cloud data are
uniformly converted to the coordinate system of the target radar corresponding to the first

batch of target sample point cloud data in the first frame of target sample point cloud data,
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thereby improving the accuracy of the generated reflectivity calibration table.

[ 0093] In some embodiments, after the reflectivity calibration table is generated, a
reflectivity of the scanning line that has no matching target reflectivity information may
also be determined in the reflectivity calibration table. Target reflectivity information of
the primary radar corresponding to the reflectivity of the scanning line that has no
matching target reflectivity information is determined based on the target reflectivity
information of the primary radar in the reflectivity calibration table. The reflectivity
calibration table is updated based on determined target reflectivity information of the
primary radar corresponding to the reflectivity of the scanning line that has no matching

target reflectivity information.

[ 0094] Herein, when there is matching target reflectivity information for each
reflectivity of each scanning line in the generated reflectivity calibration table, i.e., when
there is corresponding target reflectivity information in each box in the generated

reflectivity calibration table, the reflectivity calibration table does not need to be updated.

[ 0095] When there is no matching target reflectivity information for at least one
reflectivity of a scanning line in the generated reflectivity calibration table (i.e. when
there is no corresponding target reflectivity information in a partial box in the generated
reflectivity calibration table), target reflectivity information matching at least one

reflectivity may be obtained by means of a linear interpolation method.

[ 0096] For example, if there is no matching target reflectivity information in a box
corresponding to Ringl and reflectivity 5, there is target reflectivity information in a box
corresponding to Ringl and reflectivity 4 and there is target reflectivity information in a
box corresponding to Ringl and reflectivity 6, the target reflectivity information in the
box corresponding to Ringl and reflectivity 5 may be obtained by means of a linear
interpolation method according to the target reflectivity information in the box
corresponding to Ringl and reflectivity 4 and the target reflectivity information in the

box corresponding to Ringl and reflectivity 6 in the reflectivity calibration table.

[ 0097] Or, if there is no matched target reflectivity information in a box corresponding

to Ringl and reflectivity 5, there is target reflectivity information in a box corresponding
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to Ring0 and reflectivity 5 and there is target reflectivity information in a box
corresponding to Ring2 and reflectivity 5, the target reflectivity information in the box
corresponding to Ringl and reflectivity 5 may be obtained by means of a linear
interpolation method according to the target reflectivity information in the box
corresponding to Ring0 and reflectivity 5 and the target reflectivity information in the

box corresponding to Ring2 and reflectivity 5 in the reflectivity calibration table.

[ 0098] Here, the reflectivity calibration table may be updated based on the determined
target reflectivity information of the primary radar corresponding to at least one
reflectivity, and an updated reflectivity calibration table is generated. In the updated
reflectivity calibration table, a target average reflectivity value in the target reflectivity
information may be a positive integer, i.e. the target average reflectivity value
corresponding to each box in the reflectivity calibration table may be adjusted to be a
positive integer by rounding off, and the updated reflectivity calibration table is

generated.

[ 0099] Of course, there are various ways of determining the target reflectivity
information of the primary radar corresponding to at least one reflectivity, which are not

limited to the recorded contents.

[ 00100] In some embodiments, since there may be a part of the boxes in the generated
reflectivity calibration table without corresponding target reflectivity information, i.e.
there may be a case where the generated reflectivity calibration table is incomplete, in
order to ensure the integrity of the reflectivity calibration table, the target reflectivity
information lacking in the reflectivity calibration table may be determined based on the
target reflectivity information of the primary radar existing in the reflectivity calibration
table, and the reflectivity calibration table is complemented to generate an updated

reflectivity calibration table, i.e. a complete reflectivity calibration table is obtained.

[ 00101] It will be appreciated by those skilled in the art that the order in which the
steps are written in the above method of the specific implementation does not imply a
strict order of execution but constitutes any limitation on the implementation process, and
that the specific order in which the steps are performed should be determined in terms of

their functionality and possible inherent logic.
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[ 00102] Based on the same technical concept, embodiments of the disclosure further
provide a point cloud data fusion apparatus. FIG. 3 shows a schematic architecture
diagram of a point cloud data fusion apparatus according to an embodiment of the
disclosure. The apparatus includes an acquisition portion 301, an adjustment portion 302,
a fusion portion 303, a reflectivity calibration determination portion 304, and an update

portion 305.

[ 00103] The acquisition portion 301 is configured to acquire point cloud data collected
respectively by a primary radar and each secondary radar arranged on a target vehicle.
The primary radar is one of radars on the target vehicle, and the secondary radar is a

radar other than the primary radar among the radars on the target vehicle.

[ 00104] The adjustment portion 302 is configured to adjust, based on a pre-determined
reflectivity calibration table of the secondary radar, a reflectivity in the point cloud data
collected by the secondary radar to obtain adjusted point cloud data of the secondary
radar. The reflectivity calibration table represents target reflectivity information of the
primary radar, which matches each reflectivity corresponding to each scanning line of the

secondary radar.

[ 00105] The fusion portion 303 is configured to fuse the point cloud data collected by
the primary radar and the adjusted point cloud data corresponding to the secondary radar
to obtain fused point cloud data, and control the target vehicle according to the fused

point cloud data.

[ 00106] In some embodiments, the fusion apparatus further includes the reflectivity

calibration determination portion 304.

[ 00107] The reflectivity calibration determination portion 304 is configured to

determine the reflectivity calibration table according to the following steps.

[ 00108] First sample point cloud data collected by the primary radar arranged on a
sample vehicle and second sample point cloud data collected by the secondary radar

arranged on the sample vehicle are acquired.

[ 00109] Voxel map data is generated based on the first sample point cloud data. The
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voxel map data includes data of multiple 3D voxel grids, and the data of each 3D voxel
grid includes reflectivity information determined based on point cloud data of multiple

scanning points in each of the 3D voxel grids.

[00110] The reflectivity calibration table is generated based on the second sample point

cloud data and the data of the multiple 3D voxel grids.

[00111] In some embodiments, the reflectivity calibration determination portion 304 is
configured to perform the following operations when generating the voxel map data

based on the first sample point cloud data.

[00112] Multiple pieces of pose data collected sequentially during movement of the

sample vehicle is acquired.

[00113] De-distortion processing is performed on the first sample point cloud data

based on the multiple pieces of pose data to obtain processed first sample point cloud

data.

[ 00114] The voxel map data is generated based on the processed first sample point
cloud data.

[ 00115] In some embodiments, the reflectivity information includes an average

reflectivity value, and the reflectivity calibration determination portion 304 is configured
to determine the data of each 3D voxel grid included in the voxel map data according to

the following steps.

[00116] For each of the 3D voxel grids, an average reflectivity value corresponding to
each of the 3D voxel grids is determined based on a reflectivity of the point cloud data of

each scanning point in each of the 3D voxel grids.

[00117] The reflectivity calibration determination portion 304 is configured to perform
the following operations when generating the reflectivity calibration table based on the

second sample point cloud data and the data of the multiple 3D voxel grids.

[ 00118] For each reflectivity of each scanning line of the secondary radar, position

information of multiple target scanning points corresponding to each reflectivity is
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determined from the second sample point cloud data. The multiple target scanning points
are scanning points obtained by scanning through the scanning line. At least one 3D
voxel grid corresponding to the multiple target scanning points is determined based on
the position information of the multiple target scanning points. Target reflectivity
information of the primary radar matching each reflectivity of each scanning line is
determined based on the average reflectivity value corresponding to the at least one 3D

voxel grid.

[00119] The reflectivity calibration table is generated based on the determined target
reflectivity information of the primary radar matching each reflectivity of each scanning

line of the secondary radar.

[ 00120] In some embodiments, the data of the 3D voxel grid includes the average
reflectivity value, and a weight influence factor including at least one of a reflectivity

variance or a number of scanning points.

[00121] In a case where the at least one 3D voxel grid includes multiple 3D voxel grids,
the reflectivity calibration determination portion is configured to perform the following
operations when determining the target reflectivity information of the primary radar
matching each reflectivity of each scanning line based on the average reflectivity value

corresponding to the at least one 3D voxel grid.

[ 00122] A weight corresponding to each of the at least one 3D voxel grid is determined

based on the weight influence factor.

[ 00123] The target reflectivity information of the primary radar matching each
reflectivity of each scanning line is determined based on the weight corresponding to

each 3D voxel grid and the corresponding average reflectivity value thereof.

[ 00124] In some embodiments, the reflectivity calibration determination portion 304 is
configured to perform the following operations when generating the reflectivity
calibration table based on the second sample point cloud data and the data of the multiple

3D voxel grids.

[ 00125] Multiple pieces of pose data collected sequentially during movement of the
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sample vehicle is acquired, and de-distortion processing is performed on the second
sample point cloud data based on the multiple pieces of pose data to obtain processed

second sample point cloud data.

[ 00126] Relative position information between the first sample point cloud data and the
second sample point cloud data is determined based on position information of the
primary radar on the sample vehicle and position information of the secondary radar on

the sample vehicle.

[ 00127] Coordinate conversion is performed on the processed second sample point
cloud data using the relative position information to obtain second sample point cloud
data in a target coordinate system. The target coordinate system is a coordinate system

corresponding to the first sample point cloud data.

[ 00128] The reflectivity calibration table is generated based on the second sample point

cloud data in the target coordinate system and the data of the multiple 3D voxel grids.

[ 00129] In some embodiments, the first sample point cloud data and the second sample
point cloud data are taken as target sample point cloud data respectively, the primary
radar is taken as a target radar when the target sample point cloud data is the first sample
point cloud data, and the secondary laser radar is taken as a target radar when the target
sample point cloud data is the second sample point cloud data. There are multiple frames
of the target sample point cloud data each including sample point cloud data collected
through multiple scanning lines transmitted by the target radar. The target radar transmits
scanning lines in batches according to a preset frequency and transmits multiple scanning

lines in each batch.

[ 00130] The reflectivity calibration determination portion 304 is configured to perform
de-distortion processing on the target sample point cloud data according to the following

steps.

[ 00131] Pose information of the target radar when the target radar transmits the

scanning lines in each batch is determined based on the multiple pieces of pose data.

[ 00132] For target sample point cloud data collected through scanning lines transmitted
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in a non-first batch among each frame of target sample point cloud data, coordinates of
the target sample point cloud data collected through the scanning lines transmitted in the
batch are converted to a coordinate system of a target radar corresponding to target
sample point cloud data collected by transmitting scanning lines in the first batch in each
frame of target sample point cloud data based on pose information of the target radar
when the target radar transmits scanning lines not in the first batch, so as to obtain target
sample point cloud data subjected to first de-distortion corresponding to the each frame

of target sample point cloud data.

[ 00133] For any non-first frame of target sample point cloud data among multiple
frames of target sample point cloud data subjected to the first de-distortion, coordinates
of the any non-first frame of target sample point cloud data are converted to a coordinate
system of a target radar corresponding to the first frame of target sample point cloud data
based on pose information of the target radar when scanning to obtain the any non-first
frame of target sample point cloud data, so as to obtain target sample point cloud data
subjected to second de-distortion corresponding to the any non-first frame of target

sample point cloud data.

[ 00134] In some embodiments, the fusion apparatus further includes an update portion

305. The update portion 305 is configured to:

[ 00135] determine the reflectivity of a scanning line, in the reflectivity calibration table,

a reflectivity of the scanning line that has no matching target reflectivity information;

[ 00136] determine, based on the target reflectivity information of the primary radar in
the reflectivity calibration table, target reflectivity information of the primary radar
corresponding to the reflectivity of the scanning line that has no matching target

reflectivity information; and

[ 00137] update the reflectivity calibration table based on determined target reflectivity
information of the primary radar corresponding to the reflectivity of the scanning line

that has no matching target reflectivity information.

[ 00138] In some embodiments, functions or templates of the apparatus provided by the

embodiment of the disclosure may be configured to perform the method as described
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above with respect to the method embodiment, and the specific implementation thereof
may be described with reference to the description of the method embodiment and, for

brevity, will not be elaborated herein.

[ 00139] Based on the same technical concept, embodiments of the disclosure further
provide an electronic device. FIG. 4 shows a schematic structural diagram of an
electronic device 400 according to an embodiment of the disclosure. The electronic
device includes a processor 401, a memory 402, and a bus 403. The memory 402 is
configured to store execution instructions, and includes a memory 4021 and an external
memory 4022. The memory 4021 here is also referred to as an internal memory, and is
configured to temporarily store operation data in the processor 401 and data exchanged
with the external memory 4022 such as a hard disk. The processor 401 exchanges data
with the external memory 4022 through the memory 4021. When the electronic device
400 operates, the processor 401 communicates with the memory 402 through the bus 403,
so that the processor 401 performs any point cloud data fusion method as described

above.

[ 00140] Embodiments of the disclosure further provide a computer-readable storage
medium, which has a computer program stored thereon which, when executed by a
processor, performs the point cloud data fusion method described in any of the above

method embodiments.

[00141] Embodiments of the disclosure further provide a computer program, which
may include computer-readable codes. When the computer-readable codes are executed
in an electronic device, a processor in the electronic device may perform any point cloud
data fusion method as described above. The computer program may specifically refer to

the above method embodiments, and will not be elaborated herein.

[ 00142] Those skilled in the art may clearly learn about that specific working processes
of the system and apparatus described above may refer to the corresponding processes in
the method embodiment and will not be elaborated herein for convenient and brief
description. In some embodiments provided by the disclosure, it is to be understood that
the disclosed system, apparatus, and method may be implemented in another manner.

The apparatus embodiment described above is only schematic. For example, division of
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the units is only logic function division, and other division manners may be adopted
during practical implementation. For another example, multiple units or components may
be combined or integrated into another system, or some characteristics may be neglected
or not executed. In addition, coupling or direct coupling or communication connection
between each displayed or discussed component may be indirect coupling or
communication connection, implemented through some communication interfaces, of the

apparatus or the units, and may be electrical and mechanical or adopt other forms.

[ 00143] The units described as separate parts may or may not be physically separated,
and parts displayed as units may or may not be physical units, and namely may be
located in the same place, or may also be distributed to multiple network units. Part or all
of the units may be selected to achieve the purpose of the solutions of the embodiments

according to a practical requirement.

[ 00144] In addition, each functional unit in each embodiment of the disclosure may be
integrated into a processing unit, each unit may also physically exist independently, and

two or more than two units may also be integrated into a unit.

[ 00145] When realized in form of a software function unit and sold or used as an
independent product, the function may also be stored in a non-volatile computer-readable
storage medium executable for the processor. Based on such an understanding, the
technical solutions of the disclosure substantially or parts making contributions to the
conventional art or part of the technical solutions may be embodied in form of software
product, and the computer software product is stored in a storage medium, including
multiple instructions configured to enable a computer device (which may be a personal
computer, a server, a network device, etc.) to execute all or part of the steps of the
method in each embodiment of the disclosure. The foregoing storage medium includes
various media capable of storing program codes such as a U disk, a mobile hard disk, a

ROM, a RAM, a magnetic disk, or an optical disk.

[ 00146] The above are only specific implementations of the disclosure and not intended
to limit the scope of protection of the disclosure. Any variations or replacements apparent
to those skilled in the art within the technical scope disclosed by the disclosure should

fall within the scope of protection of the disclosure. Therefore, the scope of protection of

28



the disclosure should be determined by the scope of protection of the claims.

INDUSTRIAL APPLICABILITY

[ 00147] The embodiments of the disclosure provide a point cloud data fusion method
and apparatus, an electronic device, a storage medium, and a computer program. The
method includes the following operations. Point cloud data collected respectively by a
primary radar and each secondary radar arranged on a target vehicle is acquired. The
primary radar is one of radars on the target vehicle, and the secondary radar is a radar
other than the primary radar among the radars on the target vehicle. A reflectivity in the
point cloud data collected by the secondary radar is adjusted based on a pre-determined
reflectivity calibration table of the secondary radar to obtain adjusted point cloud data of
the secondary radar. The reflectivity calibration table represents target reflectivity
information of the primary radar, which matches each reflectivity corresponding to each
scanning line of the secondary radar. The point cloud data collected by the primary radar
and the adjusted point cloud data corresponding to the secondary radar are fused to
obtain fused point cloud data. With the above method, a reflectivity calibration table is
pre-generated, the reflectivity calibration table characterizes target reflectivity
information of a primary radar matching each reflectivity corresponding to each scanning
line of a secondary radar, and after obtaining point cloud data collected by the secondary
radar, a reflectivity in the point cloud data collected by the secondary radar may be
adjusted according to the reflectivity calibration table, so that point cloud data collected
by the primary radar is consistent with a measurement standard corresponding to the
reflectivity in the adjusted point cloud data collected by the secondary radar. Furthermore,
the distortion of the fused point cloud data can be relieved, and the accuracy of target

detection can be improved.
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CLAIMS

1. A point cloud data fusion method, applied to an electronic device, the method comprising:

acquiring point cloud data collected respectively by a primary radar and each
secondary radar arranged on a target vehicle, the primary radar being one of radars on the
target vehicle, and the secondary radar being a radar other than the primary radar among the

radars on the target vehicle;

adjusting, based on a pre-determined reflectivity calibration table of the secondary
radar, a reflectivity in the point cloud data collected by the secondary radar to obtain adjusted
point cloud data of the secondary radar, wherein the reflectivity calibration table represents
target reflectivity information of the primary radar, which matches each reflectivity

corresponding to each scanning line of the secondary radar; and

fusing the point cloud data collected by the primary radar and the adjusted point cloud

data of the secondary radar to obtain fused point cloud data.

2. The point cloud data fusion method of claim 1, wherein the reflectivity calibration table is

determined by:

acquiring first sample point cloud data collected by the primary radar arranged on a
sample vehicle and second sample point cloud data collected by the secondary radar arranged

on the sample vehicle;

generating voxel map data based on the first sample point cloud data, wherein the
voxel map data comprises data of a plurality of three-dimensional (3D) voxel grids, and the
data of each 3D voxel grid comprises reflectivity information determined based on point

cloud data of a plurality of scanning points in each of the 3D voxel grids; and

generating the reflectivity calibration table based on the second sample point cloud

data and the data of the plurality of 3D voxel grids.
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3. The point cloud data fusion method of claim 2, wherein generating the voxel map data

based on the first sample point cloud data comprises:

acquiring a plurality of pieces of pose data collected sequentially during movement of

the sample vehicle;

performing de-distortion processing on the first sample point cloud data based on the

plurality of pieces of pose data to obtain processed first sample point cloud data; and

generating the voxel map data based on the processed first sample point cloud data.

4. The point cloud data fusion method of claim 2 or 3, wherein the reflectivity information
comprises an average reflectivity value, and the data of each 3D voxel grid comprised in the

voxel map data is determined by:

determining, for each of the 3D voxel grids, an average reflectivity value
corresponding to the 3D voxel grid based on a reflectivity of the point cloud data of each

scanning point in the 3D voxel grid,

wherein generating the reflectivity calibration table based on the second sample point

cloud data and the data of the plurality of 3D voxel grids comprises:

determining, for each reflectivity of each scanning line of the secondary radar, position
information of a plurality of target scanning points corresponding to the reflectivity from the
second sample point cloud data, the plurality of target scanning points being scanning points
obtained by scanning through the scanning line; determining at least one 3D voxel grid
corresponding to the plurality of target scanning points based on the position information of
the plurality of target scanning points; determining target reflectivity information of the
primary radar matching the reflectivity of the scanning line based on the average reflectivity

value corresponding to the at least one 3D voxel grid; and

generating the reflectivity calibration table based on determined target reflectivity
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information of the primary radar matching each reflectivity of each scanning line of the

secondary radar.

5. The point cloud data fusion method of claim 4, wherein the data of the 3D voxel grid
comprises the average reflectivity value, and a weight influence factor comprising at least one

of a reflectivity variance or a number of scanning points;

in a case where the at least one 3D voxel grid comprises a plurality of 3D voxel grids,
determining the target reflectivity information of the primary radar matching the reflectivity
of the scanning line based on the average reflectivity value corresponding to the at least one

3D voxel grid comprises:

determining a weight corresponding to each of the at least one 3D voxel grid based on

the weight influence factor; and

determining the target reflectivity information of the primary radar matching the
reflectivity of the scanning line based on the weight corresponding to each 3D voxel grid and

the corresponding average reflectivity value thereof.

6. The point cloud data fusion method of any one of claims 2-5, wherein generating the
reflectivity calibration table based on the second sample point cloud data and the data of the

plurality of 3D voxel grids comprises:

acquiring a plurality of pieces of pose data collected sequentially during movement of
the sample vehicle, and performing de-distortion processing on the second sample point cloud
data based on the plurality of pieces of pose data to obtain processed second sample point

cloud data;

determining relative position information between the first sample point cloud data
and the second sample point cloud data based on position information of the primary radar on

the sample vehicle and position information of the secondary radar on the sample vehicle;
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performing coordinate conversion on the processed second sample point cloud data
using the relative position information to obtain second sample point cloud data in a target
coordinate system, the target coordinate system being a coordinate system corresponding to

the first sample point cloud data; and

generating the reflectivity calibration table based on the second sample point cloud

data in the target coordinate system and the data of the plurality of 3D voxel grids.

7. The point cloud data fusion method of claim 3 or 6, wherein the first sample point cloud
data and the second sample point cloud data are taken as target sample point cloud data
respectively, the primary radar is taken as a target radar when the target sample point cloud
data is the first sample point cloud data, and the secondary radar is taken as a target radar
when the target sample point cloud data is the second sample point cloud data, wherein there
are a plurality of frames of the target sample point cloud data each comprising target sample
point cloud data collected through a plurality of scanning lines transmitted by the target radar,
the target radar transmitting scanning lines in batches according to a preset frequency and

transmitting a plurality of scanning lines in each batch;
performing de-distortion processing on the target sample point cloud data by:

determining pose information of the target radar when the target radar transmits the

scanning lines in each batch based on the plurality of pieces of pose data;

for target sample point cloud data collected through scanning lines transmitted in a
non-first batch among each frame of target sample point cloud data, converting coordinates of
the target sample point cloud data collected through the scanning lines transmitted in the non-
first batch to a coordinate system of the target radar corresponding to target sample point
cloud data collected through scanning lines transmitted in a first batch among the each frame
of target sample point cloud data based on pose information of the target radar when the target
radar transmits the scanning lines in the non-first batch, so as to obtain target sample point
cloud data subjected to first de-distortion corresponding to the each frame of target sample

point cloud data; and
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for any non-first frame of target sample point cloud data among multiple frames of
target sample point cloud data subjected to the first de-distortion, converting coordinates of
the non-first frame of target sample point cloud data to a coordinate system of the target radar
corresponding to a first frame of target sample point cloud data based on pose information of
the target radar when scanning to obtain the non-first frame of target sample point cloud data,
S0 as to obtain target sample point cloud data subjected to second de-distortion corresponding

to the non-first frame of target sample point cloud data.

8. The point cloud data fusion method of any one of claims 1-7, further comprising:

determining, in the reflectivity calibration table, a reflectivity of the scanning line that

has no matching target reflectivity information;

determining, based on the target reflectivity information of the primary radar in the
reflectivity calibration table, target reflectivity information of the primary radar corresponding

to the reflectivity of the scanning line that has no matching target reflectivity information; and

updating the reflectivity calibration table based on determined target reflectivity
information of the primary radar corresponding to the reflectivity of the scanning line that has

no matching target reflectivity information.

9. A point cloud data fusion apparatus, comprising:

an acquisition portion, configured to acquire point cloud data collected respectively by
a primary radar and each secondary radar arranged on a target vehicle, the primary radar being
one of radars on the target vehicle, and the secondary radar being a radar other than the

primary radar among the radars on the target vehicle;

an adjustment portion, configured to adjust, based on a pre-determined reflectivity
calibration table of the secondary radar, a reflectivity in the point cloud data collected by the
secondary radar to obtain adjusted point cloud data of the secondary radar, wherein the

reflectivity calibration table represents target reflectivity information of the primary radar,
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which matches each reflectivity corresponding to each scanning line of the secondary radar;

and

a fusion portion, configured to fuse the point cloud data collected by the primary radar

and the adjusted point cloud data of the secondary radar to obtain fused point cloud data.

10. The point cloud data fusion apparatus of claim 9, further comprising: a reflectivity

calibration determination portion,

wherein the reflectivity calibration determination portion is configured to determine

the reflectivity calibration table by:

acquiring first sample point cloud data collected by the primary radar arranged on a
sample vehicle and second sample point cloud data collected by the secondary radar arranged

on the sample vehicle;

generating voxel map data based on the first sample point cloud data, wherein the
voxel map data comprises data of a plurality of three-dimensional (3D) voxel grids, and the
data of each 3D voxel grid comprises reflectivity information determined based on point

cloud data of a plurality of scanning points in each of the 3D voxel grids; and

generating the reflectivity calibration table based on the second sample point cloud

data and the data of the plurality of 3D voxel grids.

11. The point cloud data fusion apparatus of claim 10, wherein the reflectivity calibration
determination portion is configured to perform the following operations when generating the

voxel map data based on the first sample point cloud data:

acquiring a plurality of pieces of pose data collected sequentially during movement of

the sample vehicle;

performing de-distortion processing on the first sample point cloud data based on the

plurality of pieces of pose data to obtain processed first sample point cloud data; and
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generating the voxel map data based on the processed first sample point cloud data.

12. The point cloud data fusion apparatus of claim 10 or 11, wherein the reflectivity
information comprises an average reflectivity value, and the reflectivity calibration
determination portion is configured to determine the data of each 3D voxel grid comprised in

the voxel map data by:

determining, for each of the 3D voxel grids, an average reflectivity value
corresponding to each of the 3D voxel grids based on a reflectivity of the point cloud data of

each scanning point in each of the 3D voxel grids; and

the reflectivity calibration determination portion is configured to perform the
following operations when generating the reflectivity calibration table based on the second

sample point cloud data and the data of the plurality of 3D voxel grids:

determining, for each reflectivity of each scanning line of the secondary radar, position
information of a plurality of target scanning points corresponding to each reflectivity from the
second sample point cloud data, the plurality of target scanning points being scanning points
obtained by scanning through the scanning line; determining at least one 3D voxel grid
corresponding to the plurality of target scanning points based on the position information of
the plurality of target scanning points; determining target reflectivity information of the
primary radar matching each reflectivity of each scanning line based on the average

reflectivity value corresponding to the at least one 3D voxel grid; and

generating the reflectivity calibration table based on determined target reflectivity
information of the primary radar matching each reflectivity of each scanning line of the

secondary radar.

13. The point cloud data fusion apparatus of claim 12, wherein the data of the 3D voxel grid
comprises the average reflectivity value, and a weight influence factor comprising at least one

of a reflectivity variance or a number of scanning points;
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in a case where the at least one 3D voxel grid comprises a plurality of 3D voxel grids,
the reflectivity calibration determination portion is configured to perform the following
operations when determining the target reflectivity information of the primary radar matching
each reflectivity of each scanning line based on the average reflectivity value corresponding

to the at least one 3D voxel grid:

determining a weight corresponding to each of the at least one 3D voxel grid based on

the weight influence factor; and

determining the target reflectivity information of the primary radar matching each
reflectivity of each scanning line based on the weight corresponding to each 3D voxel grid

and the corresponding average reflectivity value thereof.

14. The point cloud data fusion apparatus of any one of claims 10 to 13, wherein the
reflectivity calibration determination portion is configured to perform the following
operations when generating the reflectivity calibration table based on the second sample point

cloud data and the data of the plurality of 3D voxel grids:

acquiring a plurality of pieces of pose data collected sequentially during movement of
the sample vehicle, and performing de-distortion processing on the second sample point cloud
data based on the plurality of pieces of pose data to obtain processed second sample point

cloud data;

determining relative position information between the first sample point cloud data
and the second sample point cloud data based on position information of the primary radar on

the sample vehicle and position information of the secondary radar on the sample vehicle;

performing coordinate conversion on the processed second sample point cloud data
using the relative position information to obtain second sample point cloud data in a target
coordinate system, the target coordinate system being a coordinate system corresponding to

the first sample point cloud data; and

generating the reflectivity calibration table based on the second sample point cloud
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data in the target coordinate system and the data of the plurality of 3D voxel grids.

15. The point cloud data fusion apparatus of claim 11 or 14, wherein the first sample point
cloud data and the second sample point cloud data are taken as target sample point cloud data
respectively, the primary radar is taken as a target radar when the target sample point cloud
data is the first sample point cloud data, and the secondary laser radar is taken as a target radar
when the target sample point cloud data is the second sample point cloud data, wherein there
are a plurality of frames of the target sample point cloud data each comprising sample point
cloud data collected through a plurality of scanning lines transmitted by the target radar, the
target radar transmitting scanning lines in batches according to a preset frequency and

transmitting a plurality of scanning lines in each batch;

the reflectivity calibration determination portion is configured to perform de-distortion

processing on the target sample point cloud data by:

determining pose information of the target radar when the target radar transmits the

scanning lines in each batch based on the plurality of pieces of pose data;

for target sample point cloud data collected through scanning lines transmitted in a
non-first batch among each frame of target sample point cloud data, converting coordinates of
the target sample point cloud data collected through the scanning lines transmitted in the
batch to a coordinate system of a target radar corresponding to target sample point cloud data
collected through scanning lines transmitted in the first batch among the each frame of target
sample point cloud data based on pose information of the target radar when the target radar
transmits scanning lines not in the first batch, so as to obtain target sample point cloud data
subjected to first de-distortion corresponding to the each frame of target sample point cloud

data; and

for any non-first frame of target sample point cloud data among multiple frames of
target sample point cloud data subjected to the first de-distortion, converting coordinates of
the any non-first frame of target sample point cloud data to a coordinate system of a target
radar corresponding to a first frame of target sample point cloud data based on pose

information of the target radar when scanning to obtain the any non-first frame of target
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sample point cloud data, so as to obtain target sample point cloud data subjected to second de-

distortion corresponding to the any non-first frame of target sample point cloud data.

16. The point cloud data fusion apparatus of any one of claims 9 to 15, further comprising: an

update portion, configured to:

determine, in the reflectivity calibration table, a reflectivity of the scanning line that

has no matching target reflectivity information;

determine, based on the target reflectivity information of the primary radar in the
reflectivity calibration table, target reflectivity information of the primary radar corresponding

to the reflectivity of the scanning line that has no matching target reflectivity information; and

update the reflectivity calibration table based on determined target reflectivity
information of the primary radar corresponding to the reflectivity of the scanning line that has

no matching target reflectivity information.

17. An electronic device, comprising a processor, a memory, and a bus, wherein the memory
stores a machine-readable instruction executable for the processor, when the electronic device
operates, the processor communicates with the memory through the bus, and the machine-
readable instruction is executed by the processor to perform the point cloud data fusion

method of any one of claims 1 to 8.

18. A computer-readable storage medium having stored thereon a computer program that,
when executed by a processor, performs the point cloud data fusion method of any one of

claims 1 to 8.

19. A computer program, comprising computer-readable codes, wherein when the computer-

readable codes are executed in an electronic device, a processor in the electronic device
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performs the point cloud data fusion method of any one of claims 1 to 8.
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