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(54) METHOD AND APPARATUS FOR DETERMINING MATCHING RELATIONSHIP BETWEEN 
POINT CLOUD DATA

(57) Embodiments of the present disclosure provide
a method, apparatus and computer readable storage me-
dium for determining a matching relationship between
point cloud data. The method includes extracting a first
characteristic associated with first point cloud data and
a second characteristic associated with second point
cloud data. The first point cloud data and the second

point cloud data are acquired for the same object. The
method further includes performing characteristic match-
ing between the first characteristic and the second char-
acteristic. In addition, the method further includes deter-
mining, based on the characteristic matching, a matching
relationship between the first point cloud data and the
second point cloud data.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present disclosure mainly
relate to the field of point cloud data processing, and more
specifically to a method and apparatus for determining a
matching relationship between point cloud data.

BACKGROUND

[0002] In high-precision mapping, it is necessary to ac-
curately recognize a three-dimensional map environ-
ment. At the same time, in the broad sense, autonomous
vehicles also need to recognize three-dimensional dy-
namic targets for simulation purposes. In addition, vari-
ous three-dimensional objects need to be recognized and
compared in the fields of component manufacturing,
quality inspection, diversified view, cartoon production,
three-dimensional mapping, mass communication tools,
etc. Currently, in the fields such as the above-mentioned,
three-dimensional object recognition may generally be
achieved by acquiring point cloud data and performing
analysis.
[0003] A point cloud usually refers to a set of massive
points. In the fields of high-precision mapping and auton-
omous driving vehicles, a point cloud generally refers to
a set of massive points having surface characteristics
existing on the road and in the surrounding environment,
which may be used to represent the surface shape of
objects such as roads, barriers, and billboards. Point
cloud data refers to data used to represent a point cloud.
In the point cloud data, attributes such as three-dimen-
sional coordinates and other attributes (e.g., light inten-
sity, RGB color, gray value, depth, etc.) of various points
in the point cloud are recorded. The point cloud data may
be obtained, for example, by scanning a point cloud ac-
quisition environment using a three-dimensional scan-
ning device. The three-dimensional scanning device may
include a lidar, a stereo camera, a time-of-flight camera,
and the like. These devices can measure information of
large number of points on the surfaces of the objects
automatically and then output point cloud data in the form
of a data file format.
[0004] When using the acquired point cloud data for
subsequent operations, especially for comprehensive
use of the point clouds acquired dynamically or through
a plurality of acquisitions, it is generally considered that
the removal of point cloud ghost of dynamic targets is a
technical point. Since the point cloud data is used to rep-
resent point clouds, it is determined that the matching
relationship between the point clouds is directly related
to the determination of the matching relationship between
the point cloud data. A conventional method for deter-
mining a matching relationship between point cloud data,
such as the Iterative Closest Point (ICP) algorithm, uses
almost all the point cloud data (i.e., related data for almost
all points in the point clouds) to determine the matching

relationship between different point cloud data. In the
above conventional method, points having specific char-
acteristics in a point cloud are manually extracted from
point cloud data for the same object, for determining the
matching relationship between the point cloud data. How-
ever, performing manual extraction puts forward very
strict requirements for point cloud data. Only when the
amount of data of the points in the point cloud is large
enough and the acquisition accuracy is high enough, can
some details such as corresponding corners in the point
cloud be found, requiring for an investment of a lot of
labor costs.
[0005] At the same time, since the number of points in
the point cloud is usually very large, the above conven-
tional method requires a large amount of intensive com-
putation in determining the matching relationship be-
tween different point cloud data, thus consuming a lot of
time and memory space.
[0006] In addition, when an in-vehicle laser point cloud
is acquired, for example, using an in-vehicle lidar, the
acquired in-vehicle laser point cloud has a non-rigid de-
formation characteristic. However, the conventional
method such as the ICP algorithm is generally only ap-
plicable to point clouds having rigid deformation charac-
teristics. Therefore, using the conventional method can-
not guarantee good accuracy in determining the match-
ing relationship between large-scale in-vehicle laser
point cloud data, and thus unable to fulfill the requirement
of non-rigid transformation when determining the match-
ing relationship between point cloud data.
[0007] Furthermore, the conventional method deter-
mines the matching relationship for 6 degrees of freedom
simultaneously when determining a matching relation-
ship between point cloud data, which requires a high op-
eration speed and a large memory space.

SUMMARY

[0008] Embodiments of the present disclosure provide
a method and apparatus for determining a matching re-
lationship between point cloud data.
[0009] In a first aspect, the present disclosure provides
a method for determining a matching relationship be-
tween point cloud data. The method includes: extracting
a first characteristic associated with first point cloud data
and a second characteristic associated with second point
cloud data. The first point cloud data and the second
point cloud data are acquired for the same object. The
method further includes performing characteristic match-
ing between the first characteristic and the second char-
acteristic. In addition, the method further includes deter-
mining, based on the characteristic matching, a matching
relationship between the first point cloud data and the
second point cloud data.
[0010] In a second aspect, the present disclosure pro-
vides an apparatus for determining a matching relation-
ship between point cloud data. The apparatus includes:
an extraction module, configured to extract a first char-
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acteristic associated with first point cloud data and a sec-
ond characteristic associated with second point cloud da-
ta, the first point cloud data and the second point cloud
data being acquired for the same object; a matching mod-
ule, configured to perform characteristic matching be-
tween the first characteristic and the second character-
istic; and a determination module, configured to deter-
mine, based on the characteristic matching, a matching
relationship between the first point cloud data and the
second point cloud data.
[0011] In a third aspect, the present disclosure pro-
vides a device, including one or more processors; and a
storage apparatus, for storing one or more programs, the
one or more programs, when executed by the one or
more processors, cause the one or more processors to
implement the method according to the first aspect of the
present disclosure.
[0012] In a fourth aspect, the present disclosure pro-
vides a computer readable storage medium, storing a
computer program thereon, the computer program, when
executed by a processor, implements the method ac-
cording to the first aspect of the present disclosure.
[0013] The Summary is provided to introduce the se-
lection to the concepts in a simplified form, which are
further described in the Detailed Description of Embod-
iments. The Summary of the present disclosure is not
intended to identify key features or essential features of
the present disclosure, or to limit the scope of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other objectives, features and
advantages of the present disclosure will become more
apparent, by a more detailed description of exemplary
embodiments of the present disclosure with reference to
the accompanying drawings. In the exemplary embodi-
ments of the present disclosure, the identical reference
numbers generally refer to the identical components.

Fig. 1 illustrates a schematic diagram 100 of an en-
vironment in which embodiments of the present dis-
closure may be implemented;
Fig. 2 illustrates a flowchart of a method 200 for de-
termining a matching relationship between point
cloud data according to an embodiment of the
present disclosure;
Fig. 3 illustrates a block diagram of an apparatus 300
for determining a matching relationship between
point cloud data according to an embodiment of the
present disclosure; and
Fig. 4 illustrates a schematic block diagram of a de-
vice 400 that may be used to implement the embod-
iments of the present disclosure.

[0015] In the accompanying drawings, the identical or
corresponding reference numerals refer to the identical
or corresponding parts.

DETAILED DESCRIPTION OF EMBODIMENTS

[0016] Preferable embodiments of the present disclo-
sure will be described in more detail below with reference
to the accompanying drawings. Although preferable em-
bodiments of the present disclosure are shown in the
accompanying drawings, it should be understood that
the present disclosure may be implemented in a variety
of forms, and should not be construed as being limited
to the embodiments set forth herein. Rather, the embod-
iments are provided so that the present disclosure will
be thorough and complete, and the scope of the present
disclosure will be fully conveyed by those skilled in the art.
[0017] The term "include" and variants thereof used in
the present disclosure indicate open-ended inclusion,
i.e., "including but not limited to." Unless specifically stat-
ed otherwise, the term "or" indicates "and/or." The term
"based on" indicates "at least partially based on." The
term "an exemplary embodiment" and "one embodiment"
indicate "at least one embodiment." The term "another
embodiment" indicates "at least one additional embodi-
ment." The terms "first," "second," and the like may refer
to different or identical objects. Other explicit and implicit
definitions may also be included below.
[0018] As described above in the Background, in the
existing technology, a large amount of intensive calcula-
tion is required in determining the matching relationship
between different point cloud data, thus consuming a lot
of time and memory space. At the same time, when de-
termining the matching relationship for the in-vehicle la-
ser point cloud data having non-rigid deformation char-
acteristics, the conventional method cannot guarantee
good accuracy in determining the matching relationship
between large-scale in-vehicle laser point cloud data.
The above problems seriously affect the application and
development of point clouds in various fields.
[0019] In order to at least partially solve the above prob-
lems and one or more other potential problems, the em-
bodiments of the present disclosure propose a method
and apparatus for determining a matching relationship
between point cloud data. According to an embodiment
of the present disclosure, a method capable of imple-
menting a matching relationship between point cloud da-
ta automatically, quickly, and with high accuracy is pro-
vided.
[0020] In this method, points in a point cloud are clas-
sified into a plurality of categories according to specific
attributes of different points included in the point cloud.
The categories of points include, for example, ground
points, planar points, and columnar points. The ground
point refers to a point at a ground location in the measured
environment. The planar point refers to a point on a plane
that is perpendicular or at some other specific angle to
the ground location in the measured environment, and
such plane may include, for example, the exterior surface
of a building, a billboard, and the like. The columnar point
refers to a point on the surface of a column that is per-
pendicular or at some other specific angle to the ground
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location in the measured environment, and such column
may include, for example, a utility pole, a tree, a trash
can, and the like. It should be understood that the cate-
gories of points in the point cloud do not only include the
ground point, the planar point, and the columnar point,
but may include other categories such as a sphere point,
a ground corner point, and a high reflectivity point. Dif-
ferent shapes that may be used for comparison may be
used as categories of points in the point cloud, as long
as the shapes exist in the acquisition environment of the
point cloud.
[0021] After classifying different points included in the
point cloud into a plurality of categories, the distinctive
attributes of the points of different categories may be
used to generate new characteristics from the points of
different categories. Then, by comparing the character-
istics generated from the points of corresponding cate-
gories in the different point clouds, it may be determined
whether the different point clouds match, and then the
matching relationship between the different point clouds
may be determined. In an embodiment of the present
disclosure, the term "characteristic" may include a char-
acteristic point, a normal vector corresponding to the
characteristic point, and other auxiliary attributes. These
auxiliary attributes include, for example, the radius and
height of the column and the side length of the patch
plane to which the characteristic point is directed.
[0022] In the present disclosure, the different charac-
teristics described above may include a plurality of gen-
erated abstract characteristic points and normal vectors
corresponding to the characteristic points. In the present
disclosure, the matching relationship between different
point clouds includes a spatial transformation relation-
ship between the different point clouds, for example, how
a point cloud is transformed into another point cloud
through operations such as rotation, translation, and an-
gle transformation, i.e., substantially coincides in position
with each point in the other point cloud. At the same time,
the process of determining the matching relationship be-
tween different point clouds may also be referred to as
registration between point clouds.
[0023] Since the method only needs to register differ-
ent characteristics generated from the points in the point
clouds without registering for all the points in the point
clouds, the amount of calculation required for the regis-
tration may be greatly reduced. At the same time, since
the points in the point cloud are classified into different
categories, and the points of different categories corre-
spond to different degrees of freedom, it is possible to
register only part of the degrees of freedom at the time
of registration, without simultaneously registering for 6
degrees of freedom. Thus, computing resources and
storage resources may be saved, and the operation
speed may be improved.
[0024] The embodiments of the present disclosure are
specifically described below with reference to the accom-
panying drawings.
[0025] Fig. 1 illustrates a schematic diagram 100 of an

environment in which embodiments of the present dis-
closure may be implemented. The schematic diagram
100 mainly illustrates an acquisition environment for point
clouds and the corresponding point cloud data involved
in the present disclosure.
[0026] An acquisition entity 110 is shown in Fig. 1 for
acquiring a point cloud for an acquisition environment,
generating corresponding point cloud data 120, and
transmitting the point cloud data 120 to a computing de-
vice 130. In Fig. 1, the acquisition entity 110 is shown in
the form of an acquisition car. It should be understood
that the acquisition entity 110 for acquiring the point cloud
data 120 in the present disclosure is not limited to the
acquisition car, but may be any entity having point cloud
acquisition capabilities, such as various vehicles. At the
same time, the acquisition entity 110 may also be a va-
riety of entities that integrate or host devices having point
cloud acquisition capabilities. The point cloud data 120
acquired by the acquisition entity 110 is subsequently
processed by the computing device 130. It should be
understood that the acquisition entity 110 may transmit
the point cloud data 120 to the computing device 130 in
any form of data transmission, such as wired or wireless
data transmission. This transmission does not need to
be real-time transmission. No matter when or in what
form the point cloud data 120 is transmitted to the com-
puting device 130, subsequent processing of the point
cloud data 120 by the computing device 130 is not af-
fected.
[0027] In an embodiment of the present disclosure, the
point cloud data is data of points of the outer surfaces of
various objects in the acquisition environment obtained
by the acquisition entity 110 using a lidar to scan the
acquisition environment 360 degrees. According to the
vertical angular resolution of the scanning, a piece of n
x m data may be obtained, where n is the number of
scanning lines in the vertical direction, also referred to
as the number of threads, and m is the data obtained
after a 360-degree scanning by the scanning line in the
horizontal direction. For the vertical angular resolution,
for example, assuming that the scanning height is data
within 10 degrees, if the vertical angular resolution is set
to be 2.5 degrees, 10 4 2.5 = 4 threads are scanned. It
should be understood that since the acquisition entity
110 has a certain height, when performing a point cloud
scanning, scanning is usually started from an angle that
is negative (for example, -2.5 degrees) from the horizon-
tal plane, so as to obtain scanning data for the horizontal
plane as the ground. It should be understood that the
above numerical values are for illustrative purposes only
and are not intended to limit the scope of the present
disclosure in any form.
[0028] Also shown in Fig. 1 are various objects in the
acquisition environment, including a road 140, billboards
150-1, 150-2, and 150-3 (collectively referred to as bill-
board 150), trash cans 160-1 and 160-2 (collectively re-
ferred to as trash can 160), utility poles 170-1 and 170-2
(collectively referred to as utility pole 170), and trees
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180-1 and 180-2 (collectively referred to as tree 180). In
the above objects, the data of point clouds acquired from
the surface of the road 140 constitutes ground point cloud
data, the data of point clouds acquired from the surface
of the billboard 150 which is a facet and substantially
perpendicular to the road 140 constitutes planar point
cloud data, and the data of point clouds acquired from
the surfaces of the trash can 160, the utility pole 170, and
the tree 180 having shapes as columns of different
lengths and diameters constitutes columnar point cloud
data.
[0029] It should be understood that since the data ob-
tained through point cloud acquisition include the loca-
tions and related attributes of the acquired points, the
categories of the points cannot be directly determined
based on the points in the acquired point cloud only. In-
stead, the point cloud data of different categories such
as the corresponding ground point cloud data, planar
point cloud data and columnar point cloud data must be
determined from the point cloud data 120 through sub-
sequent operations. The content shown in Fig. 1 may
also be understood as an exemplary scenario for per-
forming point cloud acquisition, where after the point
cloud acquisition, it cannot be directly determined that
the acquired point cloud is from the road 140, the billboard
150, the trash can 160, the utility pole 170, or the tree
180, rather, it is necessary to determine the point cloud
data 120 of different categories from the point cloud data
120 by subsequent operations in accordance with the
flow of the method as described below with reference to
Fig. 2.
[0030] Fig. 2 illustrates a flowchart of a method 200 for
determining a matching relationship between point cloud
data according to an embodiment of the present disclo-
sure. The method 200 may be performed, for example,
by the computing device 130 of Fig. 1. Through the meth-
od 200, the matching relationship between the point
cloud data 120 may be determined for different point
cloud data 120 acquired from the acquisition entity 110.
[0031] In an embodiment of the present disclosure, the
matching relationship between the point cloud data 120
is determined primarily for point cloud data 120 acquired
by the acquisition entity 110 at different times at the same
or substantially the same location. Due to inherent factors
such as the location and angle of the acquisition entity
110, and external factors such as weather effects that
may exist in the acquisition environment, the point cloud
data acquired by the acquisition entity 110 at the same
location and at different times may not be identical.
Therefore, for the subsequent operations, it is necessary
to determine the matching relationship between these
point cloud data 120 acquired at different times. Here,
the first point cloud data 120-1 and the second point cloud
data 120-2 acquired by the acquisition entity 110 at the
same location and at different times will be described as
an example.
[0032] It should be understood that the technical solu-
tion of the present disclosure may also be applied to reg-

istration between point cloud data 120 acquired by dif-
ferent acquisition entities 110 at substantially the same
location. It should be understood that the method 200
may also include additional steps not shown and/or may
omit the steps shown, and the scope of the present dis-
closure is not limited in this respect.
[0033] The method 200 starts at block 202. At block
202, the computing device 130 extracts a characteristic
associated with the first point cloud data 120-1 (herein-
after referred to as the "first characteristic") and a char-
acteristic associated with the second point cloud data
120-2 (hereinafter referred to as the "second character-
istic"). As described above, since the acquisition device
110 acquires the first point cloud data 120-1 and the sec-
ond point cloud data 120-2 at the same location and at
different times, the first point cloud data 120-1 and the
second point cloud data 120-2 may be considered as
acquired for the same object (i.e., the same acquisition
environment).
[0034] In an embodiment of the present disclosure, in
combination with the previously described content, the
first characteristic and the second characteristic may in-
clude characteristic points determined based on the first
point cloud data 120-1 and the second point cloud data
120-2, respectively, normal vectors corresponding to the
characteristic points, and other auxiliary attributes. The
auxiliary attributes include, for example, the radius and
height of the column and the side length of the patch
plane to which the characteristic point is directed. Based
on the difference in categories of the points in the point
cloud, the process steps of extracting the first character-
istic and the second characteristic are not identical, and
the extracted first characteristic and the second charac-
teristic include, for example, different numbers of char-
acteristic points and characteristics of the normal vectors,
and the contents of the characteristics included in the
extracted first characteristic and second characteristic
are also different.
[0035] The process of extracting characteristics from
the point cloud data 120 is described below for the ground
point cloud data, the planar point cloud data, and the
columnar point cloud data included in the point cloud da-
ta, respectively. Since the steps of extracting the first
characteristic associated with the first point cloud data
120-1 and extracting the second characteristic associat-
ed with the second point cloud data 120-2 are identical,
the following description is made only by extracting the
first characteristic associated with the first point cloud
data 120-1.

Characteristic extraction of ground point cloud data

[0036] Since the ground point cloud generally has a
large range and a relatively uniform distribution, it is rel-
atively easy to determine first ground point cloud data in
the first point cloud data 120-1 from the first point cloud
data 120-1. Therefore, in an embodiment of the present
disclosure, the first ground point cloud data is first deter-
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mined from the first point cloud data 120-1. It should be
understood that when extracting the first characteristic
associated with the first point cloud data 120-1, it is not
required to first determine the first ground point cloud
data, but first planar point cloud data or first columnar
point cloud data may also be first determined. The order
of determining the point cloud data of different categories
does not affect the effects of the embodiments of the
present disclosure.
[0037] In the process of extracting characteristic of
ground point cloud data, the first ground point cloud data
representing points of the ground in the first point cloud
is first determined from the first point cloud data 120-1.
In an embodiment of the present disclosure, a cumulative
sum (CUSUM) algorithm is first used to detect height
jump points of ground edges in a ground point cloud.
Then, a growth algorithm is used in the ground point
cloud. Through the above process, the first ground point
cloud data may be obtained.
[0038] After obtaining the first ground point cloud data,
the obtained ground point cloud is divided into small
blocks of a certain area. In an embodiment of the present
disclosure, the ground point cloud is divided into small
squares with a side length of a, where the side length of
a may be, for example, 0.5 meters or any length that is
compatible with the point cloud acquisition requirements
and/or the acquisition capabilities of the acquisition entity
110. It should be understood that the shapes and scale
values of the small blocks are for illustrative purposes
only and are not intended to limit the embodiments of the
present disclosure. It should be understood that each
block may include a plurality of points in the ground point
cloud, the number of the points included being related to
the size of the divided block.
[0039] After obtaining the divided small squares (small
blocks), the center point of the small square and the cor-
responding normal vector for each small square are cal-
culated, and the set of the obtained center points and
corresponding normal vectors of the small squares is a
characteristic that may be used to represent the first
ground point cloud data, that is, the first characteristic.
Since the first ground point cloud data may be represent-
ed by a much smaller number of characteristics after the
above steps, the steps may also be referred to as down-
sampling of the point cloud data.
[0040] Alternatively, since other objects such as plants
or guardrails may be included in the above divided small
squares, the accuracy of the calculated center point and
the corresponding normal vector for each small square
may be affected. Therefore, in order to reduce no-match,
after the small squares are divided, height-related infor-
mation such as the height difference, the height average,
and the reflectance mean may be calculated or height
distribution information may be established for the points
in the point cloud included in each small square, so that
point cloud registration may be more accurately achieved
by further comparing the above information in subse-
quent point cloud registration. It should be understood

that this step is not obligatory and it may be performed
at any time before the above information needs to be
compared without causing the effects of the embodi-
ments of the present disclosure to be unattainable. At
the same time, this step may also be applied to the proc-
ess of extracting characteristic of planar point cloud data
and the process of extracting characteristic of columnar
point cloud data.

Characteristic extraction of planar point cloud data

[0041] In the process of extracting characteristic of pla-
nar point cloud data, the first planar point cloud data rep-
resenting points of the plane in the first point cloud is first
determined from the first point cloud data 120-1. If the
step of determining the first ground point cloud data has
been completed when performing the foregoing charac-
teristic extraction of the planar point cloud data, the first
ground point cloud data may be removed from the first
point cloud data 120-1, thereby significantly reducing the
amount of calculation. The point cloud data obtained after
removing the first ground point cloud data from the first
point cloud data 120-1 may be referred to as first candi-
date planar point cloud data.
[0042] In the process of extracting characteristic of pla-
nar point cloud data, operations are performed for differ-
ent threads (i.e., different scanning lines in the vertical
direction). It should be understood that operations for dif-
ferent threads may be performed in parallel, thereby
speeding up the operation. Each thread may include a
plurality of points in the point cloud, where the number
of the points is determined by the horizontal angular res-
olution when scanning the data. For example, since the
total horizontal angle of each thread is 360 degrees, if
the horizontal angular resolution is 0.1 degrees, 360 4
0.1 = 3600 points in the point cloud are included in each
thread. It should be understood that the above numerical
values are for illustrative purposes only and are not in-
tended to limit the scope of the present disclosure in any
form.
[0043] Calculating the distance difference between
each point and the previous point in the thread when
operating on each thread, if the ratio of the distance dif-
ference to the distance of the point exceeds a specific
preset threshold, then the point is considered as a break-
point in the thread. It should be understood that this step
is for distinguishing points in the first candidate planar
point cloud data that may belong to different facets.
Therefore, the above method of comparing the ratio of
the distance difference between points to the distance of
the point is merely an example, and is not a limitation to
the present disclosure. In an embodiment of the present
disclosure, any suitable calculation method for distin-
guishing points in the first candidate planar point cloud
data that may belong to different facets may be em-
ployed. A thread may be divided into different segments
by finding a plurality of breakpoints in the thread.
[0044] After dividing each thread into different seg-
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ments using breakpoints, a set of small segments in all
thread ranges may be obtained. Then, a method such
as a principal component analysis (PCA) algorithm is
used to calculate characteristic values such as charac-
teristic roots and characteristic vectors of points in the
point cloud included in each small segment. Therefore,
the shape attribute of the small segment may be obtained
through analysis, that is, the small segment is a straight
line, a curve, or indistinguishable.
[0045] After obtaining the shape attribute of each small
segment in the set of small segments, since it is neces-
sary to determine the first planar point cloud data having
the planar attribute, only the segments having the linear
attribute are reserved, and these small segments may
also be referred to as straight segments. The center point
and the main direction of the points in the point cloud
included in each straight segment are calculated to rep-
resent the small segment.
[0046] Then, for example, a conditional Euler cluster-
ing is performed on the straight segments reserved in
the above step. The criterion of the clustering may be
that the center points of the small segments are close to
each other(for example, the distance between the center
points is within a preset threshold distance) and the main
directions are also approximate (for example, the angular
difference between the main directions is within a preset
threshold angle). Thus, the straight segments reserved
in the above steps are clustered into a plurality of straight
segment sets, where the points in the point cloud included
in each straight segment set belong to different planes.
[0047] After obtaining the plurality of straight segment
sets by clustering, a method such as the principal com-
ponent analysis algorithm is used again to calculate char-
acteristic values such as characteristic roots and char-
acteristic vectors of points in the point clouds included in
each straight segment set. Therefore, the shape attribute
of the straight segment set may be obtained through anal-
ysis, that is, the straight segment set is a plane, non-
planar or cannot be determined.
[0048] After obtaining the shape attribute of each
straight segment set, since the first planar point cloud
data having the planar attribute needs to be determined,
only the straight segment sets having the planar attribute
are reserved, and these straight segment sets may also
be referred to as planar straight segment sets. The nor-
mal vectors of points in the point clouds included in each
planar straight segment set are calculated, and the center
points of points in the point clouds included in the planar
straight segment set are calculated and obtained. Then,
the points in the point clouds included in each planar
straight segment set may be divided into small blocks
according to the same method for downsampling of the
point cloud data described in the ground point cloud data
characteristic extraction process, and the center point
and the corresponding normal vector of a small square
is calculated for each small square. An obtained set of
center points and corresponding normal vectors for each
small square may be used to represent the characteristic

of the first planar point cloud data, that is, the first char-
acteristic.

Characteristic extraction of columnar point cloud data

[0049] In the process of extracting characteristic of co-
lumnar point cloud data, the first columnar point cloud
data representing points of the column in the first point
cloud is first determined from the first point cloud data
120-1. If the step of determining the first ground point
cloud data and the step of determining the first planar
point cloud data have been completed when performing
the characteristic extraction of the columnar point cloud
data, the first ground point cloud data and the first planar
point cloud data may be removed from the first point cloud
data 120-1, thereby significantly reducing the amount of
calculation. The point cloud data obtained after removing
the first ground point cloud data and the first planar point
cloud data from the first point cloud data 120-1 may be
referred to as first candidate columnar point cloud data.
[0050] After obtaining the first candidate columnar
point cloud data, a method such as a principal component
analysis algorithm is performed for, for example, neigh-
borhood points within every 2 meters in the point cloud,
thereby calculating the normal vector and main direction
of each point. For example, a conditional Euler clustering
is performed on these points. The criterion of the clus-
tering may be that the angle between the main direction
of the point and the normal vector of the ground is within
a threshold angle of, for example, 5 degrees. Thus, the
points in the point cloud reserved in the above step are
clustered into a plurality of point sets, where the points
in the point cloud included in each point set belong to
one column.
[0051] Then, calculating the center point of each point
set as the center of the column to which the point set
belongs, and recording the normal vector and radius of
the column. The obtained set of center points, normal
vectors and radii for each column may be used to repre-
sent the characteristic of the first columnar point cloud
data, that is, the first characteristic.
[0052] Back to method 200, at block 204, for the first
characteristic associated with the first point cloud data
120-1 and the second characteristic associated with the
second point cloud data 120-2 extracted by the method
described above, characteristic matching is performed.
The purpose of the characteristic matching is to deter-
mine whether the two characteristics correspond. This
step is the basis for subsequent point cloud registration.
Also, the process steps for characteristic matching of the
extracted first characteristic and second characteristic
are different based on the difference in categories of
points in the point cloud. The process of characteristic
matching the extracted first characteristic and the second
characteristic is described below for the extracted first
characteristic and the extracted second characteristic re-
spectively being the ground point cloud data character-
istic, the planar point cloud data characteristic, and the
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columnar point cloud data characteristic.

Characteristic matching of ground point cloud data

[0053] In the characteristic matching of ground point
cloud data, the first characteristic and the second char-
acteristic in the form of the ground point cloud data char-
acteristic are converted into the same coordinate system
using a rotation matrix.
[0054] After converting the first characteristic and the
second characteristic into the same coordinate system,
determining a distance between a characteristic point in
the first characteristic (i.e., the center point of a small
block in the ground point cloud data) and a corresponding
characteristic point in the second characteristic. When
the distance is less than a predetermined threshold dis-
tance, determining a difference between the normal vec-
tor of the characteristic point and the normal vector of
the corresponding characteristic point. If the difference
is less than a predetermined threshold difference, it may
be determined that the two characteristic points match.
Alternatively, this step may also be embodied as: for a
characteristic point in the first characteristic, searching
the second characteristic for a characteristic point having
a distance difference and a normal vector difference less
than corresponding predetermined thresholds to the
characteristic point in the first characteristic. After the
point cloud is adjusted according to the matching rela-
tionship between the two characteristic points, if the dis-
tance difference and the normal vector difference be-
tween the corresponding characteristic points satisfying
a threshold ratio (e.g., any ratio between 70%-100%) in
the first characteristic and the second characteristic are
within corresponding predetermined thresholds (here,
the predetermined thresholds are not necessarily the
same as the predetermined thresholds described above,
but may be smaller in value, thereby making the judgment
made this time more strict), then it may be determined
that the two characteristic points match. After determin-
ing that the two characteristic points respectively from
the first characteristic and the second characteristic
match, the matching of the two characteristic points is
recorded in the first point cloud data 120-1 and the sec-
ond point cloud data 120-2 to which the two characteristic
points belong. In this matching process, it is necessary
to determine whether a match is made for all or most of
the characteristic points in the first characteristic and the
second characteristic, so that a matching result of the
first point cloud data 120-1 and the second point cloud
data 120-2 may be obtained. The determination of match-
ing or not for different characteristic points may be done
in parallel.

Characteristic matching of planar point cloud data

[0055] In the characteristic matching of planar point
cloud data, the first characteristic and the second char-
acteristic in the form of the planar point cloud data char-

acteristic are converted into the same coordinate system
using a rotation matrix.
[0056] After converting the first characteristic and the
second characteristic into the same coordinate system,
determining a distance between a characteristic point in
the first characteristic (i.e., the center point of a small
block in the planar point cloud data) and a corresponding
characteristic point in the second characteristic. When
the distance is less than a predetermined threshold dis-
tance, determining a difference between the normal vec-
tor of the characteristic point and the normal vector of
the corresponding characteristic point. If the difference
is less than a predetermined threshold difference, it may
be determined that the two characteristic points match.
Alternatively, this step may also be embodied as: for a
characteristic point in the first characteristic, searching
the second characteristic for a characteristic point having
a distance difference and a normal vector difference less
than corresponding predetermined thresholds to the
characteristic point in the first characteristic. After the
point cloud is adjusted according to the matching rela-
tionship between the two characteristic points, if the dis-
tance difference and the normal vector difference be-
tween the corresponding characteristic points satisfying
a threshold ratio (e.g., any ratio between 70%-100%) in
the first characteristic and the second characteristic are
within corresponding predetermined thresholds (here,
the predetermined thresholds are not necessarily the
same as the predetermined thresholds described above,
but may be smaller in value, thereby making the judgment
made this time more strict), then it may be determined
that the two characteristic points match. After determin-
ing that the two characteristic points respectively from
the first characteristic and the second characteristic
match, the matching of the two characteristic points is
recorded in the first point cloud data 120-1 and the sec-
ond point cloud data 120-2 to which the two characteristic
points belong. In this matching process, it is necessary
to determine whether a match is made for all or most of
the characteristic points in the first characteristic and the
second characteristic, so that a matching result of the
first point cloud data 120-1 and the second point cloud
data 120-2 may be obtained. The determination of match-
ing or not for different characteristic points may be done
in parallel.

Characteristic matching of columnar point cloud data

[0057] In the characteristic matching of columnar point
cloud data, the first characteristic and the second char-
acteristic in the form of the columnar point cloud data
characteristic are converted into the same coordinate
system by a rotation matrix.
[0058] After converting the first characteristic and the
second characteristic into the same coordinate system,
determining a distance between a characteristic point in
the first characteristic (i.e., the center point of the column)
and a corresponding characteristic point in the second
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characteristic. When the distance is less than a prede-
termined threshold distance, determining a difference
between the normal vector and radius of the character-
istic point and the normal vector and radius of the corre-
sponding characteristic point, If the difference is less than
a predetermined threshold difference, it may be deter-
mined that the two characteristic points match. Alterna-
tively, this step may also be embodied as: searching for
other characteristic points from the second characteristic
within a predetermined range around a characteristic
point in the first characteristic. If the difference between
the normal vector and radius of the characteristic point
in the first characteristic and the normal vector and radius
of a characteristic point in the second characteristic is
less than a predetermined threshold difference and is
less than the difference between the normal vector and
radius of the characteristic point in the first characteristic
and the normal vector and radius of any other character-
istic point in the second characteristic in the range, then
it may be determined that the two characteristic points
match. After determining that the two characteristic
points respectively from the first characteristic and the
second characteristic match, the matching of the two
characteristic points is recorded in the first point cloud
data 120-1 and the second point cloud data 120-2 to
which the two characteristic points belong. In this match-
ing process, it is necessary to determine whether a match
is made for all or most of the characteristic points in the
first characteristic and the second characteristic, so that
a matching result of the first point cloud data 120-1 and
the second point cloud data 120-2 may be obtained. The
determination of matching or not for different character-
istic points may be done in parallel.
[0059] Then, at block 206, determining a matching re-
lationship between the first point cloud data 120-1 and
the second point cloud data 120-2 based on the charac-
teristic matching between the first characteristic and the
second characteristic, the characteristic matching being
obtained using the step described in block 204. As men-
tioned above, the matching relationship between differ-
ent point clouds includes a spatial transformation rela-
tionship between different point clouds, that is, how a
point cloud is transformed into another point cloud
through operations such as rotation, translation, and an-
gle transformation. When determining the matching re-
lationship between the first point cloud data 120-1 and
the second point cloud data 120-2, no matter whether
the first point cloud data 120-1 and the second point cloud
data 120-2 include ground point cloud data, planar point
cloud data, or columnar point cloud data, the process
steps performed are identical.
[0060] After determining that the first point cloud data
120-1 matches the second point cloud data 120-2, for
the corresponding point cloud data (i.e., the ground point
cloud data, the planar point cloud data, or the columnar
point cloud data), a method such as a random sampling
consistency (RANSAC) algorithm is used to determine
the matching relationship between the first point cloud

data 120-1 and the second point cloud data 120-2, such
that at least a majority of the characteristics in the first
characteristic of the first point cloud data 120-1 and the
second characteristic of the second point cloud data
120-2 satisfy the matching relationship. According to an
embodiment of the present disclosure, when the match-
ing relationship between the first point cloud data 120-1
and the second point cloud data 120-2 is determined us-
ing a method such as the RANSAC algorithm, an iterative
loop may be performed for each matched characteristic
point to find the matching relationship. However, for a
plurality of matched characteristic points, it is also pos-
sible to simultaneously find the matching relationship for
the plurality of characteristic points, for example, by tak-
ing a median value, so that the amount of calculation may
be reduced accordingly.
[0061] Since the point cloud data are classified into
three categories, namely, ground point cloud data, planar
point cloud data, and columnar point cloud data, there is
no need to find the matching relationship between the
first point cloud data 120-1 and the second point cloud
data 120-2 simultaneously for 6 degrees of freedom, but
the matching relationship may be found for different de-
grees of freedom for different categories of point cloud
data. For example, ground point cloud data may be used
to adjust height error (z) and rotation error, and planar
point cloud data and columnar point cloud data may be
used to adjust plane error (x, y) and angle error.
[0062] The flow of the method 200 for determining a
matching relationship between point cloud data is de-
scribed above from the perspective of the computing de-
vice 130 with reference to Fig. 2. It should be understood
that the above description from the perspective of the
computing device 130 has been made in order to better
illustrate the content described in the present disclosure,
and is not a limitation in any way.
[0063] From the above description with reference to
Figs. 1 and 2, it may be seen that the technical solution
according to the embodiments of the present disclosure
has many advantages over the existing technology.
Since the above technical solution only needs to register
for different characteristics generated from points in the
point cloud without registering for all the points in the
point cloud, the amount of calculation required for regis-
tration may be greatly reduced. At the same time, since
the points in the point cloud are classifed into different
categories, and the points of different categories corre-
spond to different degrees of freedom, it is possible to
register only part of the degrees of freedom at a time
without registration for 6 degrees of freedom at the same
time. Therefore, it may save computing resources and
storage resources, and may improve the operation speed
and avoid individual mismatches to cause an overall
matching error. Furthermore, compared with manually
extracting points with specific characteristics for the
same object to determine a matching relationship be-
tween point cloud data, the above technical solution does
not require high density of point clouds acquired by the
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acquisition entity 110, and the error requirements for raw
data are not high.
[0064] Fig. 3 illustrates a block diagram of an appara-
tus 300 according to an embodiment of the present dis-
closure. For example, the method 200 for determining a
matching relationship between point cloud data as shown
in Fig. 2 may be implemented by the apparatus 300. As
shown in Fig. 3, the apparatus 300 may include an ex-
traction module 310, configured to extract a first charac-
teristic associated with first point cloud data and a second
characteristic associated with second point cloud data,
the first point cloud data and the second point cloud data
being acquired for the same object. The apparatus 300
may further include a matching module 320, configured
to perform characteristic matching between the first char-
acteristic and the second characteristic. The apparatus
300 may further include a determination module 330,
configured to determine, based on the characteristic
matching, a matching relationship between the first point
cloud data and the second point cloud data.
[0065] Some optional modules of the apparatus 300
are not shown in Fig. 3 for the purpose of clarity. However,
it should be understood that the various features de-
scribed above with respect to Figs. 1-2 are equally ap-
plicable to the apparatus 300. Moreover, each module
of the apparatus 300 may be a hardware module or a
software module. For example, in some embodiments,
the apparatus 300 may be implemented in part or in whole
using software and/or firmware, such as implemented as
a computer program product included in a computer
readable medium. Alternatively or additionally, the appa-
ratus 300 may be implemented in part or in whole based
on hardware, such as implemented as an integrated cir-
cuit (IC), an application specific integrated circuit (ASIC),
a system on a chip (SOC), and a field programmable
gate array (FPGA). The scope of the present disclosure
is not limited in this respect.
[0066] Fig. 4 illustrates a schematic block diagram of
an exemplary device 400 capable of implementing vari-
ous embodiments of the present disclosure. As shown
in the figure, the device 400 includes a central processing
unit (CPU) 401 that may perform various appropriate ac-
tions and processing in accordance with computer pro-
gram instructions stored in a read only memory (ROM)
402 or computer program instructions loaded into a ran-
dom access memory (RAM) 403 from a storage unit 408.
In the RAM 403, various programs and data required for
the operation of the device 400 may also be stored. The
CPU 401, the ROM 402, and the RAM 403 are connected
to each other through a bus 404. An input/output (I/O)
interface 405 is also coupled to the bus 404.
[0067] A plurality of components in the device 400 are
coupled to the I/O interface 405, including: an input unit
406, such as a keyboard or a mouse; an output unit 407,
such as various types of displays, or speakers; the stor-
age unit 408, such as a disk or an optical disk; and a
communication unit 409 such as a network card, a mo-
dem, or a wireless communication transceiver. The com-

munication unit 409 allows the device 400 to exchange
information/data with other devices over a computer net-
work such as the Internet and/or various telecommuni-
cation networks.
[0068] The various processes and processing de-
scribed above, such as the method 200, may be per-
formed by the processing unit 401. For example, in some
embodiments, the method 200 may be implemented as
a computer software program that is tangibly embodied
in a machine readable medium, such as the storage unit
408. In some embodiments, some or all of the computer
programs may be loaded and/or installed onto the device
400 via the ROM 402 and/or the communication unit 409.
When a computer program is loaded into the RAM 403
and executed by the CPU 401, one or more of the actions
of the method 200 described above may be performed.
[0069] The present disclosure may be a method, ap-
paratus, system, and/or computer program product. The
computer program product may include a computer read-
able storage medium having computer readable program
instructions thereon for performing various aspects of the
present disclosure.
[0070] A computer readable storage medium may be
a tangible device that may hold and store the instructions
used by the instruction execution devices. The computer
readable storage medium may be, for example, but not
limited to, an electrical storage device, a magnetic stor-
age device, an optical storage device, an electromagnet-
ic storage device, a semiconductor storage device, or
any suitable combination of the foregoing. More specific
examples (non-exhaustive list) of the computer readable
storage medium include: a portable computer disk, hard
disk, random access memory (RAM), read only memory
(ROM), erasable programmable read only memory
(EPROM or flash memory), static random access mem-
ory (SRAM), portable compact disk read only memory
(CD-ROM), digital versatile disk (DVD), memory stick,
floppy disk, mechanical encoding device, for example, a
punch card or a raised structure in a groove on which an
instruction is stored, and any suitable combination of the
above. The computer readable storage medium as used
herein is not to be interpreted as a transient signal itself,
such as radio waves or other freely propagating electro-
magnetic waves, electromagnetic waves propagating
through a waveguide or other transmission mediums
(e.g., light pulses through a fiber optic cable), or electrical
signals transmitted through wires.
[0071] The computer readable program instructions
described herein may be downloaded from a computer
readable storage medium to various computing/process-
ing devices or downloaded to an external computer or
external storage device via a network, such as the Inter-
net, a local area network, a wide area network, and/or a
wireless network. The network may include copper trans-
mission cables, fiber optic transmissions, wireless trans-
missions, routers, firewalls, switches, gateway comput-
ers, and/or edge servers. A network adapter card or net-
work interface in each computing/processing device re-
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ceives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in the computer readable storage
medium in each computing/processing device.
[0072] Computer program instructions for performing
the operations of the present disclosure may be assem-
bly instructions, instruction set architecture (ISA) instruc-
tions, machine instructions, machine related instructions,
microcode, firmware instructions, state setting data, or
source code or object code written in any combination of
one or more programming languages, the programming
languages including object oriented programming lan-
guages such as Smalltalk, and C++, as well as conven-
tional procedural programming languages such as the
"C" language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com-
puter, as a stand-alone software package, partly on the
user’s computer and partly on a remote computer, or en-
tirely on a remote computer or server. In the case of a
remote computer, the remote computer may be connect-
ed to the user computer through any kind of network,
including a local area network (LAN) or a wide area net-
work (WAN), or may be connected to an external com-
puter (e.g., using an Internet service provider to connect
via the Internet). In some embodiments, electronic cir-
cuits are personalizing customized by using state infor-
mation of computer readable program instructions, such
as programmable logic circuits, field programmable gate
arrays (FPGA), or programmable logic arrays (PLA). The
electronic circuit may execute computer readable pro-
gram instructions to implement various aspects of the
present disclosure.
[0073] Various aspects of the present disclosure are
described herein with reference to the flowcharts and/or
block diagrams of the method, apparatus, and computer
program product according to the embodiments of the
present disclosure. It should be understood that each
block of the flowcharts and/or block diagrams and com-
bination of the blocks in the flowcharts and/or block dia-
grams may be implemented by the computer readable
program instructions.
[0074] These computer readable program instructions
may be provided to a processing unit of a general purpose
computer, special purpose computer or other program-
mable data processing apparatus to produce a machine
such that the instructions, when executed by the process-
ing unit of the computer or other programmable data
processing apparatus, produce an apparatus for imple-
menting the functions/actions specified in one or more
blocks of the flowcharts and/or block diagrams. The com-
puter readable program instructions may also be stored
in a computer readable storage medium that cause the
computer, programmable data processing apparatus
and/or other device to operate in a particular mode, such
that the computer readable medium storing the instruc-
tions includes a manufactured product that includes in-
structions for implementing various aspects of the func-

tions/actions specified in one or more blocks of the flow-
charts and/or block diagrams.
[0075] Computer readable program instructions may
also be loaded onto a computer, other programmable
data processing apparatus, or other device to perform a
series of operational steps on the computer, other pro-
grammable data processing apparatus or other device
to produce a computer-implemented process such that
the instructions executed on the computer, other pro-
grammable data processing apparatus, or other device
implement the functions/actions specified in one or more
blocks of the flowcharts and/or block diagrams.
[0076] The flowchart and block diagrams in the accom-
panying drawings illustrate the architecture, functionality,
and operation of possible implementations of the system,
method, and computer program product according to the
various embodiments of the present disclosure. In this
regard, each block of the flowchart or block diagram may
represent a module, a program segment, or a portion of
an instruction that includes one or more executable in-
structions for implementing specified logic functions. In
some alternative implementations, the functions noted in
the blocks may also occur in a different order than that
illustrated in the drawings. For example, two consecutive
blocks may be executed substantially in parallel, and they
may sometimes be executed in a reverse order, depend-
ing upon the functionality involved. It should also be noted
that each block of the flowcharts and/or block diagrams,
and combinations of blocks in the flowcharts and/or block
diagrams, may be implemented in a dedicated hardware-
based system that performs the specified function or ac-
tion, or may be implemented by a combination of dedi-
cated hardware and computer instructions.
[0077] The embodiments of the present disclosure
have been described above, and the foregoing descrip-
tion is illustrative, not limiting, and not limited to the dis-
closed embodiments. Numerous modifications and
changes will be apparent to those skilled in the art without
departing from the scope and spirits of the embodiments
of the present disclosure. The choice of terms used here-
in is intended to best explain the principles, practical ap-
plications, or technical improvements to the technology
in the market for various embodiments, or to enable those
skilled in the art to understand the various embodiments
disclosed herein.

Claims

1. A method for determining a matching relationship
between point cloud data, the method comprising:

extracting a first characteristic associated with
first point cloud data and a second characteristic
associated with second point cloud data, the first
point cloud data and the second point cloud data
being acquired for a same object;
performing characteristic matching between the
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first characteristic and the second characteristic;
and
determining, based on the characteristic match-
ing, a matching relationship between the first
point cloud data and the second point cloud da-
ta.

2. The method according to claim 1, wherein the first
characteristic and the second characteristic each in-
clude at least a characteristic point and a normal
vector corresponding to the characteristic point.

3. The method according to claim 1, wherein the ex-
tracting the first characteristic and the second char-
acteristic comprises:

determining first ground point cloud data from
the first point cloud data, and determining a cent-
er point of the first ground point cloud data and
a corresponding normal vector as a character-
istic point and a corresponding normal vector of
the first characteristic; and
determining second ground point cloud data
from the second point cloud data, and determin-
ing a center point of the second ground point
cloud data and a corresponding normal vector
as a characteristic point and a corresponding
normal vector of the second characteristic.

4. The method according to claim 1, wherein the ex-
tracting the first characteristic and the second char-
acteristic comprises:

determining first candidate planar point cloud
data from the first point cloud data, and deter-
mining the first characteristic based on the first
candidate planar point cloud data; and
determining second candidate planar point
cloud data from the second point cloud data, and
determining the second characteristic based on
the second candidate planar point cloud data;
preferably,
the determining the first characteristic based on
the first candidate planar point cloud data com-
prises:

determining a breakpoint of a thread in the
first candidate planar point cloud data;
segmenting the thread based on the break-
point;
clustering the segmented thread; and
determining, in response to a clustering re-
sult indicating that the first candidate planar
point cloud data comprising planar point
cloud data, a center point of the planar point
cloud data and a corresponding normal vec-
tor as a characteristic point and a corre-
sponding normal vector of the first charac-

teristic.

5. The method according to claim 3 or 4, wherein the
performing characteristic matching between the first
characteristic and the second characteristic com-
prises:

converting the first characteristic and the second
characteristic into a same coordinate system;
determining a distance between the character-
istic point of the first characteristic and the char-
acteristic point of the second characteristic;
determining a difference between the normal
vector of the first characteristic and the normal
vector of the second characteristic, in response
to the distance being less than a threshold dis-
tance; and
determining the first characteristic matching the
second characteristic, in response to the differ-
ence being less than a threshold difference.

6. The method according to claim 1, wherein the ex-
tracting the first characteristic and the second char-
acteristic comprises:

determining first candidate columnar point cloud
data from the first point cloud data, and deter-
mining the first characteristic based on the first
candidate columnar point cloud data; and
determining second candidate columnar point
cloud data from the second point cloud data, and
determining the second characteristic based on
the second candidate columnar point cloud da-
ta; preferably,

the determining the first characteristic based on the
first candidate columnar point cloud data comprises:

clustering point cloud data having an angle be-
tween a main direction and a ground normal vec-
tor less than a threshold angle in the first candi-
date columnar point cloud data; and
determining, in response to a clustering result
indicating that the first candidate columnar point
cloud data comprising columnar point cloud da-
ta, a center point, a normal vector, and a radius
of the columnar point cloud data as a character-
istic point, a normal vector and a radius of the
first characteristic.

7. The method according to claim 6, wherein the per-
forming characteristic matching between the first
characteristic and the second characteristic com-
prises:

converting the first characteristic and the second
characteristic into a same coordinate system;
determining a distance between the character-
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istic point of the first characteristic and a char-
acteristic point of the second characteristic;
determining a difference between the normal
vector and the radius of the first characteristic
and a normal vector and a radius of the second
characteristic, in response to the distance being
less than a threshold distance; and
determining the first characteristic matching the
second characteristic, in response to the differ-
ence being less than a threshold difference.

8. The method according to claim 1, wherein the deter-
mining a matching relationship between the first
point cloud data and the second point cloud data
comprises:

determining the matching relationship between
the first point cloud data and the second point
cloud data, in response to the first point cloud
data matching the second point cloud data.

9. An apparatus for determining a matching relation-
ship between point cloud data, the apparatus com-
prising:

an extraction module, configured to extract a first
characteristic associated with first point cloud
data and a second characteristic associated
with second point cloud data, the first point cloud
data and the second point cloud data being ac-
quired for a same object;
a matching module, configured to perform char-
acteristic matching between the first character-
istic and the second characteristic; and
a determination module, configured to deter-
mine, based on the characteristic matching, a
matching relationship between the first point
cloud data and the second point cloud data.

10. The apparatus according to claim 9, wherein the first
characteristic and the second characteristic each in-
clude at least a characteristic point and a normal
vector corresponding to the characteristic point.

11. The apparatus according to claim 9, wherein the ex-
traction module is further configured to:

determine first ground point cloud data from the
first point cloud data, and determine a center
point of the first ground point cloud data and a
corresponding normal vector as a characteristic
point and a corresponding normal vector of the
first characteristic; and
determine second ground point cloud data from
the second point cloud data, and determine a
center point of the second ground point cloud
data and a corresponding normal vector as a
characteristic point and a corresponding normal

vector of the second characteristic.

12. The apparatus according to claim 9, wherein the ex-
traction module is further configured to:

determine first candidate planar point cloud data
from the first point cloud data, and determine
the first characteristic based on the first candi-
date planar point cloud data; and
determine second candidate planar point cloud
data from the second point cloud data, and de-
termine the second characteristic based on the
second candidate planar point cloud data; pref-
erably,
the extraction module is further configured to:

determine a breakpoint of a thread in the
first candidate planar point cloud data;
segment the thread based on the break-
point;
cluster the segmented thread; and
determine, in response to a clustering result
indicating that the first candidate planar
point cloud data comprising planar point
cloud data, a center point of the planar point
cloud data and a corresponding normal vec-
tor as a characteristic point and a corre-
sponding normal vector of the first charac-
teristic.

13. The apparatus according to claim 11 or 12, wherein
the matching module is further configured to:

convert the first characteristic and the second
characteristic into a same coordinate system;
determine a distance between the characteristic
point of the first characteristic and the charac-
teristic point of the second characteristic;
determine a difference between the normal vec-
tor of the first characteristic and the normal vec-
tor of the second characteristic, in response to
the distance being less than a threshold dis-
tance; and
determine the first characteristic matching the
second characteristic, in response to the differ-
ence being less than a threshold difference.

14. The apparatus according to claim 9, wherein the ex-
traction module is further configured to:

determine first candidate columnar point cloud
data from the first point cloud data, and deter-
mine the first characteristic based on the first
candidate columnar point cloud data; and
determine second candidate columnar point
cloud data from the second point cloud data, and
determine the second characteristic based on
the second candidate columnar point cloud da-
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ta; preferably,

the extraction module is further configured to:

cluster point cloud data having an angle be-
tween a main direction and a ground normal vec-
tor less than a threshold angle in the first candi-
date columnar point cloud data; and
determine, in response to a clustering result in-
dicating that the first candidate columnar point
cloud data comprising columnar point cloud da-
ta, a center point, a normal vector, and a radius
of the columnar point cloud data as a character-
istic point, a normal vector and a radius of the
first characteristic; preferably,

the matching module is further configured to:

convert the first characteristic and the second
characteristic into a same coordinate system;
determine a distance between the characteristic
point of the first characteristic and a character-
istic point of the second characteristic;
determine a difference between the normal vec-
tor and the radius of the first characteristic and
a normal vector and a radius of the second char-
acteristic, in response to the distance being less
than a threshold distance; and
determine the first characteristic matching the
second characteristic, in response to the differ-
ence being less than a threshold difference.

15. The apparatus according to claim 9, wherein the de-
termination module is further configured to:

determine the matching relationship between
the first point cloud data and the second point
cloud data, in response to the first point cloud
data matching the second point cloud data.
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