OBJECT RECOGNITION METHODS AND DEVICES, STORAGE MEDIA AND
COMPUTER PROGRAMS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims a priority of the Chinese patent application No.
202010043515.5 filed on January 15, 2020 and entitled "OBJECT RECOGNITION
METHODS AND DEVICES, AND STORAGE MEDIA", which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD
[0002] The present application relates to the field of computer vision technology, and in
particular to an object recognition method and device, a storage medium and a computer

program.

BACKGROUND
[0003] Most of the current object recognition methods focus on single-category object
recognition, and there are relatively few explorations for multi-category object recognition,
especially on point cloud data. Because the point cloud data has some unique
characteristics and limitations, such as having no texture and color, it makes the

multi-category object recognition more difficult.

SUMMARY
[0004] In a first aspect, an embodiment of the present application provides an object

recognition method, including:

[0005] acquiring to-be-processed point cloud data, and processing the to-be-processed
point cloud data to obtain target point cloud data, where the to-be-processed point cloud

data includes point cloud data of a to-be-recognized object;

[0006] recognizing the to-be-recognized object from the target point cloud data, and

determining a target feature of the to-be-recognized object; and



[0007] determining, according to the target feature, a target category to which the
to-be-recognized object belongs among a plurality of categories to obtain a recognition
result for the to-be-recognized object, where the recognition result includes at least the

target category.

[0008] Optionally, processing the to-be-processed point cloud data to obtain the target

point cloud data includes:

[0009] traversing the to-be-processed point cloud data through a target geometry at a
target step length to obtain the target point cloud data,

[0010] where the target geometry has a same dimension as the to-be-processed point

cloud data, and the target geometry includes a regularly-shaped geometry.

[0011] Optionally, objects belonging to different categories have different head shapes,

and

[0012] determining, according to the target feature, the target category to which the

to-be-recognized object belongs among the plurality of categories includes:

[0013] for each of the plurality of categories, determining, according to the target
feature, a similarity between a head shape of the to-be-recognized object and a head shape

corresponding to the category to obtain a respective similarity; and

[0014] determining a category corresponding to a maximum similarity among the

respective similarities for the plurality of categories as the target category.

[0015] Optionally, the to-be-processed point cloud data includes sample point cloud data,
and the recognition result further includes a shape feature of the to-be-recognized object,

and

[0016] before obtaining the recognition result for the to-be-recognized object, the

method further includes:

[0017] recognizing the to-be-recognized object from the sample point cloud data to

obtain target sample point cloud data corresponding to the to-be-recognized object;

[0018] for each of a plurality of target planes, mapping each point in the target sample
point cloud data to the target plane to obtain a respective piece of shape information
corresponding to the target sample point cloud data, where every two of the plurality of

target planes are perpendicular to each other; and
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[0019] obtaining the shape feature of the to-be-recognized object according to the

respective pieces of shape information for the plurality of target planes.

[0020] Optionally, recognizing the to-be-recognized object from the sample point cloud
data to obtain the target sample point cloud data corresponding to the to-be-recognized

object includes:

[0021] determining a shape corresponding to the to-be-recognized object according to

the sample point cloud data;

[0022] acquiring first point cloud data corresponding to the to-be-recognized object
from the sample point cloud data according to the shape corresponding to the

to-be-recognized object; and

[0023] completing the first point cloud data to obtain second point cloud data
corresponding to the first point cloud data, and determining the second point cloud data as

the target sample point cloud data.

[0024] Optionally, completing the first point cloud data to obtain the second point cloud

data corresponding to the first point cloud data includes:

[0025] determining a center of the shape corresponding to the to-be-recognized object,
and completing the first point cloud data with central symmetry using the center as a

center of symmetry to obtain the second point cloud data.

[0026] Optionally, obtaining the shape feature of the to-be-recognized object according

to the respective pieces of shape information includes:

[0027] fitting the respective pieces of shape information for the plurality of target planes

to obtain the shape feature of the to-be-recognized object.

[0028] Optionally, the target point cloud data includes location information of each
point, and the recognition result further includes location information of the

to-be-recognized object.

[0029] In a second aspect, an embodiment of the present application provides an object

recognition device, including:

[0030] a first determining module, configured to acquire to-be-processed point cloud

data, and process the to-be-processed point cloud data to obtain target point cloud data,



where the to-be-processed point cloud data includes point cloud data of a to-be-recognized

object;

[0031] a second determining module, configured to recognize the to-be-recognized
object from the target point cloud data, and determine a target feature of the

to-be-recognized object; and

[0032] a recognition module, configured to determine, according to the target feature, a
target category to which the to-be-recognized object belongs among a plurality of
categories to obtain a recognition result for the to-be-recognized object, where the

recognition result includes at least the target category.
[0033] Optionally, the first determining module is configured to:

[0034] traverse the to-be-processed point cloud data through a target geometry at a
target step length to obtain the target point cloud data,

[0035] where the target geometry has a same dimension as the to-be-processed point

cloud data, and the target geometry includes a regularly-shaped geometry.

[0036] Optionally, objects belonging to different categories have different head shapes,

and

[0037] the recognition module is configured to: for each of the plurality of categories,
determine, according to the target feature, a similarity between a head shape of the
to-be-recognized object and a head shape corresponding to the category to obtain a
respective similarity; and determine a category corresponding to a maximum similarity

among the respective similarities for the plurality of categories as the target category.

[0038] Optionally, the to-be-processed point cloud data includes sample point cloud data,
and the recognition result further includes a shape feature of the to-be-recognized object,

and
[0039] the device further includes:
[0040] a training module, configured to:

[0041] recognize the to-be-recognized object from the sample point cloud data to obtain

target sample point cloud data corresponding to the to-be-recognized object;



[0042] for each of a plurality of target planes, map each point in the target sample point
cloud data to the target plane to obtain a respective piece of shape information
corresponding to the target sample point cloud data, where every two of the plurality of

target planes are perpendicular to each other; and

[0043] obtain the shape feature of the to-be-recognized object according to the

respective pieces of shape information for the plurality of target planes.
[0044] Optionally, the training module is configured to:

[0045] determine a shape corresponding to the to-be-recognized object according to the

sample point cloud data;

[0046] acquire first point cloud data corresponding to the to-be-recognized object from
the sample point cloud data according to the shape corresponding to the to-be-recognized

object; and

[0047] complete the first point cloud data to obtain second point cloud data
corresponding to the first point cloud data, and determine the second point cloud data as

the target sample point cloud data.
[0048] Optionally, the training module is configured to:

[0049] determine a center of the shape corresponding to the to-be-recognized object, and
complete the first point cloud data with central symmetry using the center as a center of

symmetry to obtain the second point cloud data.
[0050] Optionally, the training module is configured to:

[0051] fit the respective pieces of shape information for the plurality of target planes to

obtain the shape feature of the to-be-recognized object.

[0052] Optionally, the target point cloud data includes location information of each
point, and the recognition result further includes location information of the

to-be-recognized object.

[0053] In a third aspect, an embodiment of the present application provides an object
recognition device. The device includes a memory, a processor, and a computer program
stored in the memory and executable in the processor, where the computer program, when
executed by the processor, enables the processor to implement the object recognition

method described in the embodiment of the present application.
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[0054] In a fourth aspect, an embodiment of the present application provides a storage
medium that stores a computer program, which, when executed by a processor, enables the
processor to implement the object recognition method described in the embodiment of the

present application.

[0055] In a fifth aspect, an embodiment of the present application provides a computer
program that, when executed by a processor, enables the processor to implement the object

recognition method described in the embodiment of the present application.

[0056] In an embodiment provided by the present application, before the
to-be-processed point cloud data is recognized, the to-be-processed point cloud data is
processed to obtain the target point cloud data, thereby reducing an impact brought by
sparsity and noise in the point cloud during recognition. In addition, the category to which
the to-be-recognized object belongs may be determined in combination with the target
feature of the to-be-recognized object, so as to determine which of the plurality of
categories the to-be-recognized object belongs to. That is, multiple categories of objects

can be recognized to determine the category of the to-be-recognized object.

BRIEF DESCRIPTION OF THE DRAWINGS
[0057] FIG. 1 is a schematic diagram of a process for implementing an object

recognition method according to an embodiment of the present application.

[0058] FIG. 2 is a schematic diagram of an extraction process of shape representation

according to an embodiment of the present application.

[0059] FIG. 3 is a schematic diagram of architecture of an object recognition neural

network based on point cloud data according to an embodiment of the present application.

[0060] FIG. 4 is a schematic diagram of a composition structure of an object recognition

device according to an embodiment of the present application.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0061] In order to enable those skilled in the art to better understand embodiments of the
present application, the embodiments of the present application will be clearly described

below in conjunction with the accompanying drawings. The described embodiments are
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only some of the embodiments of the present application, rather than all of the
embodiments.

[0062] Terms "first", "second", "third", and the like in this application are used to
distinguish between similar objects, and are not intended to describe a specific order or
sequence. In addition, terms "include" and "have" and any variations thereof are intended
to cover non-exclusive inclusions, for example, including a series of steps or units. A
method, system, product, or device need not be limited to those steps or units clearly listed,
but may include other steps or units that are not clearly listed or are inherent to the method,
system, product, or device.

[0063] An embodiment of the present application provides an object recognition method,
which can be applied to a terminal device, a server, or other electronic devices. The
terminal device may include a user equipment (UE), a mobile device, a cellular phone, a
cordless phone, a personal digital assistant (PDA), a handheld device, a computing device,
a vehicle-mounted device, a wearable device, etc. In some possible implementations, the
method may be implemented by a processor invoking computer-readable instructions
stored in a memory. As shown in FIG. 1, the method mainly includes steps S11-S13.
[0064] At step S11, to-be-processed point cloud data is acquired and processed to obtain
target point cloud data, where the to-be-processed point cloud data includes point cloud
data of a to-be-recognized object.

[0065] At step S12, the to-be-recognized object is recognized from the target point cloud
data, and a target feature of the to-be-recognized object is determined.

[0066] At step S13, a target category to which the to-be-recognized object belongs
among a plurality of categories is determined according to the target feature to obtain a
recognition result for the to-be-recognized object, where the recognition result includes at
least the target category.

[0067] In this embodiment, the to-be-processed point cloud data is a data set of at least
part of points collected from an exterior surface of the object.

[0068] The method of acquiring the to-be-processed point cloud data is not limited in
this embodiment. For example, the to-be-processed point cloud data may be collected by
radar. For another example, the to-be-processed point cloud data may be collected by
measuring instruments.

[0069] The category of the to-be-recognized object is not limited in this embodiment.
For example, the to-be-recognized object may include a vehicle such as a truck, bus, car,
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motorcycle, and bicycle; the to-be-recognized object may include a building such as a tall
building; or the to-be-recognized object may include a pedestrian.

[0070] In this embodiment, the target feature includes at least a high-level feature, for
example, the high-level feature includes a semantic feature containing at least category
information. In this embodiment, the target feature may also include a low-level feature,
for example, the low-level feature includes a shape feature and/or a texture feature.

[0071] In this embodiment, the target category may be a true category of the object. For
example, if the to-be-recognized object is a truck, then the corresponding target category is
Truck; if the to-be-recognized object is a car, then the corresponding target category is Car;
and if the to-be-recognized object is a van, then the corresponding target category is Van.
However, the target category may also be a category customized by users such as data
maintainers. For example, the target category includes Large vehicles, Medium vehicles,
and Small vehicles. If the to-be-recognized object is a truck, then the target category
corresponding to the truck is Large vehicle; if the to-be-recognized object is a car, then the
target category corresponding to the car is Small vehicle; and if the to-be-recognized
object is a van, then the target category corresponding to the van is Medium vehicle.
[0072] Embodiments of the present application may be used in various object detection
tasks, and the detection scene is not limited. For example, the detection scene may include
an environment perception scene, a driving assistance scene, a tracking scene, and the like.
[0073] In the embodiment provided by the present application, before the
to-be-processed point cloud data is recognized, the to-be-processed point cloud data is
processed to obtain the target point cloud data, thereby reducing an impact brought by
sparsity and noise in the point cloud during recognition. In addition, the category to which
the to-be-recognized object belongs may be determined in combination with the target
feature of the to-be-recognized object, so as to determine which of the plurality of
categories the to-be-recognized object belongs to. That is, multiple categories of objects
can be recognized to determine the category of the to-be-recognized object.

[0074] The acquired point cloud data are only some independent scattered points, which
are usually represented by three-dimensional space coordinates, and at this time, the point
cloud data contains no structured information such as relative location information,
Therefore, in the present application, before the acquired to-be-processed point cloud data

is recognized, the to-be-processed point cloud data is processed to obtain the target point



cloud data which contains structured information. In some embodiments, processing the
to-be-processed point cloud data to obtain the target point cloud data may include:

[0075] traversing the to-be-processed point cloud data through a target geometry at a
target step length to obtain the target point cloud data;

[0076] where, the target geometry has the same dimension as the to-be-processed point
cloud data, and the target geometry includes a regularly-shaped geometry.

[0077] A category of the target geometry is not limited in this embodiment. For example,
the target geometry may be a cylinder, a cube, a cuboid, or a sphere.

[0078] A size of the target geometry is not limited in this embodiment. The size may be
set or adjusted according to requirements such as time requirements or accuracy
requirements.

[0079] In this embodiment, the target step length may be set or adjusted according to
requirements such as time requirements or accuracy requirements.

[0080] In some embodiments, the to-be-processed point cloud data may be scanned by
moving the target geometry over the to-be-processed point cloud data, and during the
movement of the target geometry, the point cloud data covered by the target geometry may
be extracted without overlapping; and the target point cloud data containing location
information may be obtained according to the extracted point cloud data covered by the
target geometry.

[0081] Assuming that the to-be-processed point cloud data includes M points, and
coordinates of each point are expressed as (X, Y, Z), the points in the target point cloud
data may be expressed in the form of WxHxNx (X, Yi, Zi), where N indicates there are N
points in each target geometry and may generally be set or adjusted according to
requirements such as accuracy requirements, and WxH indicates a preset range of the
point cloud. For example, if the preset range of the point cloud is 100mx100m, N=16, and
the size of the target geometry is 0.5mx>0.5m, the points in the target point cloud data may
be expressed in the form of 100mx 100 m x 16 x(Xi, Yi, Zi). Since 100m divided by 0.5m
equals 200, the number of points in the target point cloud data obtained after scanning the
preset range of the point cloud with the target geometry is 200x200x16, which can enable
the points in the target point cloud data to have location information and facilitate
subsequent determination of the target feature. Since the number of points included in the

target geometry is fixed, the number of the points may be reduced in the process of



determining the target point cloud data from the to-be-processed point cloud data, which
helps to increase a speed of the subsequent determination of the target feature.

[0082] In this way, compared with the independent scattered points in the
to-be-processed point cloud data, the present application traverses the to-be-processed
point cloud data by the target geometry at the target step length to obtain the target point
cloud data containing location information, such that the to-be-processed point cloud data
without structured information may be represented as the target point cloud data
containing the structured information, which helps to obtain more accurate semantic
features, thereby improving the accuracy of object recognition.

[0083] Taking the scene of vehicle recognition as an example, considering that vehicles
with different models have different head shapes, the category of the object may be
determined by recognizing the head of the object. Therefore, in some embodiments,
objects belonging to different categories have different head shapes; and determining,
according to the target feature, the target category to which the to-be-recognized object
belongs among the plurality of categories may include:

[0084] determining, according to the target feature, a similarity between a head shape of
the to-be-recognized object and a head shape corresponding to each of the plurality of
categories to obtain a plurality of similarities; and

[0085] determining a category corresponding to the maximum similarity among the
plurality of similarities as the target category.

[0086] Thus, it is possible to determine the category to which the to-be-recognized
object belongs by comparing the similarity between the head shape of the
to-be-recognized object and the head shape corresponding to each of the plurality of
categories, which can improve the recognition efficiency compared with analyzing all
features of the to-be-recognized object to determine the category to which the
to-be-recognized object belongs.

[0087] Hereinafter, a method of training a neural network used in the object recognition
scheme of the present application will be described in detail.

[0088] In order to make the object recognition result more accurate, the shape feature of
the object will be considered during learning and training of the neural network. In some
embodiments, the to-be-processed point cloud data includes sample point cloud data, and

the recognition result further includes the shape feature of the to-be-recognized object; and
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before obtaining the recognition result for the to-be-recognized object, the method may
further include:

[0089] recognizing the to-be-recognized object from the sample point cloud data to
obtain target sample point cloud data corresponding to the to-be-recognized object;

[0090] mapping each point in the target sample point cloud data to a plurality of target
planes to obtain shape information corresponding to the target sample point cloud data in
each of the plurality of target planes, where every two of the plurality of target planes are
perpendicular to each other; and

[0091] obtaining the shape feature of the to-be-recognized object according to a plurality
pieces of the shape information.

[0092] In this embodiment, the target plane is a two-dimensional plane. For example,
the two-dimensional plane may include a plane where a front view of the to-be-recognized
object is located, a plane where a side view of the to-be-recognized object is located, or a
plane where a top view of the to-be-recognized object is located.

[0093] In this way, the to-be-recognized object may be represented by the shape
information corresponding to the target sample point cloud data mapped to the plurality of
target planes, so as to provide a shape representation of the to-be-recognized object, which
helps to supervise the training of the neural network by the plurality pieces of the shape
information and shape annotation results in the training samples, so that the trained neural
network can recognize multiple categories of objects with more accurate recognition
results.

[0094] It should be noted that in practical applications, shapes viewed from different
sides of the same object may be different. For example, a view projected from the front to
the rear of the object is called a front view, which may reflect the shape of the front of the
object; a view projected from the left to the right of the object is called a left view (side
view), which may reflect the shape of the left side of the object; and a view projected from
the top to the bottom of the object is called a top view, which may reflect the shape of the
top of the object. In order to represent the shape of the object more comprehensively or
completely, three target planes are usually selected for point mapping. For example, the
three target planes may be the plane where the front view is located, the plane where the
side view is located, and the plane where the top view is located.

[0095] In order to reduce an impact brought by sparsity and noise in the point cloud
during recognition, the point cloud data may be completed. As an implementation,
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recognizing the to-be-recognized object from the sample point cloud data to obtain the
target sample point cloud data corresponding to the to-be-recognized object may include:
[0096] determining a shape corresponding to the to-be-recognized object according to
the sample point cloud data;

[0097] acquiring first point cloud data corresponding to the to-be-recognized object
from the sample point cloud data according to the shape corresponding to the
to-be-recognized object; and

[0098] completing the first point cloud data to obtain second point cloud data
corresponding to the first point cloud data, and determining the second point cloud data as
the target sample point cloud data.

[0099] In this way, the point cloud data may be completed to make up for the problem of
less or incomplete point cloud data collected on the same object, and to obtain more point
cloud data, which helps to provide a more accurate shape representation of the object, and
in turn to promote the generalization ability of the neural network to be trained.

[0100] In view of the fact that objects generally have central symmetry, as an
implementation, completing the first point cloud data to obtain the second point cloud data
corresponding to the first point cloud data may include:

[0101] determining a center of the shape corresponding to the to-be-recognized object,
and completing the first point cloud data with central symmetry using the center as a
center of symmetry to obtain the second point cloud data.

[0102] In some examples, the center of the shape corresponding to the to-be-recognized
object is aligned to an origin of coordinates, and the to-be-recognized object is rotated at
the same time, and a forward direction of the to-be-recognized object is used as the y-axis
and a vertical direction as the x-axis. Coordinates (x1, yl, z1) of a point of the
to-be-recognized object, such as point Q, is determined, and the point Q in the first point
cloud data is completed with central symmetry based on a coordinate system with the
center of the to-be-recognized object as the origin, to obtain coordinates (x1', y1', z1') of a
symmetrical point Q’ of the point Q. That is, the first point cloud data includes the point Q
(x1, y1, zl), and the second point cloud data includes the point Q (x1, yl, z1) and its
symmetrical point Q' (x1', y1', zI1").

[0103] In this way, since the radar may only scan up to three surfaces when collecting

points on the surface of the object, completing the points with central symmetry here can
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quickly complete the sample point cloud data while making up for the sparsity in the
sample point cloud data.

[0104] It can be wunderstood that there is a corresponding center for each
to-be-recognized object. To-be-recognized objects are independent of each other, that is,
each to-be-recognized object is independent and may be transformed to a coordinate
system with its own center as the origin.

[0105] In this way, the sample point cloud data may be transformed to a coordinate
system with the center of the to-be-recognized object as the origin, which facilitates
subsequent data processing.

[0106] In order to efficiently and concisely represent the shape information of the object,
in an embodiment, obtaining the shape feature of the to-be-recognized object according to
the plurality pieces of the shape information may include:

[0107] fitting the plurality pieces of the shape information to obtain the shape feature of
the to-be-recognized object.

[0108] In some examples, according to the distribution of points in each target plane, a
convex hull may be used to frame peripheral points in each target plane to obtain the shape
representation of the object. Further, in order to better represent the convex hull, an
angle-radius function is introduced to represent the convex hull. For example, the
angle-radius function may be obtained by emitting a plurality of rays according to the
target step length with a center of an object box as an origin, and using a distance between
the origin and an intersection of the ray and the convex hull as a radius. Here, the object
box is a box of the object labeled according to the sample point cloud data. The target step
length, for example, may be 1°, that is, an angle between two adjacent rays is 1°, and in
this case, 360 rays may be emitted. However, it can be understood that the target step
length may be set or adjusted according to requirements such as accuracy requirements,
and therefore, the number of rays is adjustable. For example, if the target step length is 2°,
that is, the angle between two adjacent rays is 2°, then 180 rays may be emitted. For
another example, if the target step length is 4°, that is, the angle between two adjacent rays
is 4°, then 90 rays may be emitted.

[0109] In order to efficiently and concisely compress the shape representation obtained
above, in some examples, a Chebyshev fitting function is established based on the
angle-radius function, and the first three coefficients of the Chebyshev fitting function are
determined and substituted into the shape representation in the target plane, to obtain the
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shape representation of each object. In this way, an efficient and concise shape
representation can be obtained, thereby helping to improve the recognition efficiency.
[0110] In order to better recognize the shape of the object, in some embodiments, a
supervision signal on the shape may be introduced, and the shape representation of the
sample point cloud data in the training sample may be extracted before the training.

[0111] In some embodiments, as shown in FIG. 2, the shape representation of the
sample point cloud data is extracted. FIG. 2 takes one to-be-recognized object as an
example, that is, takes an object box corresponding to one to-be-recognized object as an
example, to illustrate the entire implementation process, which may include the following
steps A-F.

[0112] At step A, a plurality of object boxes included in the sample point cloud data
may be determined based on the sample point cloud data, and points in each of the
plurality of object boxes may be mapped to a coordinate system to obtain first coordinates
of each object box.

[0113] Mapping the points in each of the plurality of object boxes to the coordinate
system to obtain the first coordinates of each object box may include:

[0114] aligning a center of the object box to an origin of coordinates, while rotating the
object, and using a forward direction of the object as the y-axis and a vertical direction as
the x-axis.

[0115] Here, the object box is pre-labeled before the training.

[0116] Here, the origin of coordinates is the center of the object box.

[0117] Tt can be understood that there is a corresponding center for each object box.
Objects are independent of each other, that is, each object is independent and may be
transformed to a coordinate system with its own center as the origin.

[0118] In this way, point cloud data in the world coordinate system may be transformed
to the coordinate system with the center of the object box as the origin, which facilitates
subsequent data processing.

[0119] At step B, symmetry processing may be performed on first point cloud data
corresponding to the first coordinates to obtain second point cloud data corresponding to
second coordinates, where the second point cloud data includes the first point cloud data.
[0120] Where, performing symmetry processing on the first point cloud data
corresponding to the first coordinates to obtain the second point cloud data corresponding
to the second coordinates may include:

14



[0121] performing symmetry processing on the first point cloud data corresponding to
the first coordinates with a center of each object box as a center of symmetry to obtain the
second point cloud data of the second coordinates corresponding to the first coordinates.
[0122] In this way, the central symmetry processing may be used to complete the points,
which makes up for the sparsity in the point cloud.

[0123] At step C, the second point cloud data, that is, the target sample point cloud data,
may be projected into three views to obtain a three-view representation, where the three
views may include a front view, a top view, and a side view.

[0124] In this embodiment, the target sample point cloud data in three-dimensional
space may be mapped to the three views through step C, so as to obtain the representation
in three two-dimensional views.

[0125] At step D, a shape of each of the three views of each object box may be extracted
through a convex hull, to obtain the shape representation of each object box.

[0126] In this embodiment, since scattered points are obtained before step D, and the
interior of the point cloud is mostly sparse and hollow, the convex hull is introduced at
step D to extract the shape in each view, and the periphery of the scattered points is framed,
which makes up for the inner-sparsity problem, and also facilitates the subsequent feature
representation.

[0127] In this embodiment, in order to better represent the convex hull, an angle-radius
function is introduced.

[0128] At step E, 360 rays may be emitted using the center of each object box as the
origin of coordinates with one ray for each degree, and a distance between the origin of
coordinates and an intersection of the ray and the convex hull may be used as the radius, to
obtain the angle-radius function.

[0129] However, it can be understood that the number of the rays may be set or adjusted
according to requirements such as accuracy requirements. For example, 180 rays may be
emitted with an angle of 2° between two adjacent rays. For another example, 90 rays may
be emitted with an angle of 4°between two adjacent rays.

[0130] At step F, a Chebyshev fitting function may be established based on the
angle-radius function, and the first three coefficients of the Chebyshev fitting function
may be determined and substituted into the three-view representation, to obtain the shape
representation of each object box, where the shape representation includes three shape
representations of the front view of the three views, three shape representations of the top
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view of the three views, and three shape representations of the side view of the three
views.

[0131] In this embodiment, since the Chebyshev fitting function may obtain an infinite
number of coefficients, in order to efficiently and concisely compress the shape
representation obtained at step E above, only the first three coefficients are selected in the
present application, and finally a nine-dimensional shape representation is obtained.

[0132] Chebyshev fitting may be defined as follows:

[0133] T,(x) =1 (1)
[0134] T,(x) =«x (2)
[0135] T, (x) = 22T, (x) — T, (%) (3

[0136] where, x is the independent variable, and T represents the Chebyshev formula.
[0137] According to the definition of Chebyshev fitting, a general expression may be

defined as follows:

[0138]  f(x) = Xn=o anTn(x) (4)

[0139] Finally, the coefficients of Chebyshev fitting may be calculated as follows:

[0140] @ = — YN_o £ () To(Xn) (5)

TN+

[0141] @ = 2= 2N £ ()T () (6)

N

[0142] In some embodiments, the Chebyshev function may be established by using the
angle as x in Chebyshev fitting and the radius as T in Chebyshev fitting. The coefficient
a, may be obtained according to equation (5), the coefficients a; and a, may be
obtained according to equation (6), and a,, a; and @, may be used as the
representation in each of the three views, to finally obtain a nine-dimensional shape
representation.

[0143] Through the above six steps A-F, a robust and efficient shape representation may
be obtained.

[0144] FIG. 3 is a schematic diagram of architecture of an object recognition neural
network based on point cloud data according to an embodiment of the present application.
As shown in FIG. 3, the entire architecture is divided into the following first to fourth

parts.
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[0145] The first part is configured to process the acquired original point cloud data to
obtain a structured representation of the point cloud data, for example, to add relative
location relationship between multiple points in the point cloud data to the original point
cloud data. That is, the first part is configured to convert to-be-processed point cloud data
into target point cloud data.

[0146] The second part is configured to determine a high-level feature and a low-level
feature of the point cloud data according to the structured representation, where the
high-level feature may include a semantic feature containing at least category information,
and the low-level feature may include a shape feature and/or a texture feature. That is, the
second part is configured to determine a target feature according to the target point cloud
data, and may be implemented by a convolutional neural network.

[0147] The third part is configured to perform object recognition based on the high-level
feature and the low-level feature to obtain a recognition result for each object involved in
the point cloud data, where the recognition result may include shape, location, and
category. That is, the third part is configured to determine, according to the target feature,
a target category to which the to-be-recognized object belongs among a plurality of
categories to obtain a recognition result for the to-be-recognized object. For example, a
similarity between a head shape of the to-be-recognized object and a head shape
corresponding to each of the plurality of categories may be determined to obtain a
plurality of similarities, and a category corresponding to the maximum similarity among
the plurality of similarities may be determined as the target category. The third part may be
implemented by a multi-branch object recognizer based on shape clustering. The
multi-branch object recognizer may deliver objects with different shapes into different
branches each of which corresponds to one category.

[0148] The fourth part is the supervision signal for the object recognition neural network.
The supervision signal contains three types of supervision signals on category, location
and shape representation of the object. A loss function of the object recognition neural
network includes the sum of a category loss, a location loss and a shape loss.

[0149] In this embodiment, the shape representation refers to the shape representation of
the object. It can be understood that different categories of objects correspond to different
shapes, and thus correspond to different shape representations. For example, the shape
representation of a pedestrian is different from that of a car. For another example, the
shape representation of a truck is different from that of a car.
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[0150] In this embodiment, the location refers to the location of the object. It can be
understood that the location may be represented by spatial coordinates (X, Y, Z). For
example, the location of object 1 may be represented as (X1, Y1, Z1), the location of
object 2 may be represented as (X2, Y2, Z2), and the location of object n may be
represented as (Xn, Yn, Zn).

[0151] In this embodiment, the category refers to the category of the object. It can be
understood that the category may include a plurality of major categories, each of which
may include a plurality of minor categories. For example, the category may include
Pedestrian, Vehicle, Building, etc., and the category of Vehicle may be divided into minor
categories such as Car and Truck. It should be noted that how the category is divided and
subdivided may be set or adjusted according to requirements such as accuracy
requirements and time requirements.

[0152] The embodiments of the present application may be used in various object
detection tasks, and the detection scene is not limited. For example, the detection scene
may include an environment perception scene, a driving assistance scene, a tracking scene,
and the like.

[0153] Finally, parameters of the three network components of the first part, the second
part and the third part may be adjusted according to the loss function to minimize the sum
of the category loss, location loss and shape loss.

[0154] In this embodiment, considering that different categories of objects have
significant differences in shape when learning and training the object recognition neural
network, the shape information may be embedded into the supervision signal for the
network to guide the learning and training of the object recognition neural network, so that
the trained neural network has the ability to recognize multiple categories of objects, and
get better detection results. It should be understood that the architecture of the object
recognition neural network shown in FIG. 3 is merely exemplary, and those skilled in the
art may make various obvious changes and/or substitutions based on the example in FIG.
3, and the resulting embodiments still fall within the disclosed scope of the embodiments
of the present disclosure.

[0155] Corresponding to the above object recognition method, an embodiment of the
present application provides an object recognition device. As shown in FIG. 4, the device
includes a first determining module 10, a second determining module 20, and a
recognition module 30.
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[0156] The first determining module 10 is configured to acquire to-be-processed point
cloud data, and process the to-be-processed point cloud data to obtain target point cloud
data, where the to-be-processed point cloud data includes point cloud data of a
to-be-recognized object.

[0157] The second determining module 20 is configured to recognize the
to-be-recognized object from the target point cloud data, and determine a target feature of
the to-be-recognized object.

[0158] The recognition module 30 is configured to determine, according to the target
feature, a target category to which the to-be-recognized object belongs among a plurality
of categories to obtain a recognition result for the to-be-recognized object, where the
recognition result includes at least the target category.

[0159] Optionally, the first determining module 10 is configured to:

[0160] traverse the to-be-processed point cloud data through a target geometry at a
target step length to obtain the target point cloud data,

[0161] where, the target geometry has the same dimension as the to-be-processed point
cloud data, and the target geometry includes a regularly-shaped geometry.

[0162] Optionally, objects belonging to different categories have different head shapes;
and the recognition module 30 is configured to determine, according to the target feature,
a similarity between a head shape of the to-be-recognized object and a head shape
corresponding to each of the plurality of categories to obtain a plurality of similarities; and
determine a category corresponding to the maximum similarity among the plurality of
similarities as the target category.

[0163] Optionally, the to-be-processed point cloud data includes sample point cloud data,
and the recognition result may further include a shape feature of the to-be-recognized
object; and the device may further include a training module 40.

[0164] The training module 40 is configured to:

[0165] recognize the to-be-recognized object from the sample point cloud data to obtain
target sample point cloud data corresponding to the to-be-recognized object;

[0166] map each point in the target sample point cloud data to a plurality of target
planes to obtain shape information corresponding to the target sample point cloud data in
each of the plurality of target planes, where every two of the plurality of target planes are

perpendicular to each other; and
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[0167] obtain the shape feature of the to-be-recognized object according to a plurality
pieces of the shape information.

[0168] Optionally, the training module 40 is configured to:

[0169] determine a shape corresponding to the to-be-recognized object according to the
sample point cloud data;

[0170] acquire first point cloud data corresponding to the to-be-recognized object from
the sample point cloud data according to the shape corresponding to the to-be-recognized
object; and

[0171] complete the first point cloud data to obtain second point cloud data
corresponding to the first point cloud data, and determine the second point cloud data as
the target sample point cloud data.

[0172] Optionally, the training module 40 is configured to:

[0173] determine a center of the shape corresponding to the to-be-recognized object, and
complete the first point cloud data with central symmetry using the center as a center of
symmetry to obtain the second point cloud data.

[0174] Optionally, the training module 40 is configured to:

[0175] fit the plurality pieces of the shape information to obtain the shape feature of the
to-be-recognized object.

[0176] Optionally, the target point cloud data may include location information of each
point, and the recognition result may further include location information of the
to-be-recognized object.

[0177] Those skilled in the art should understand that the implementation function of
each processing module in the object recognition device shown in FIG. 4 may be
understood with reference to the relevant description of the aforementioned object
recognition method. Those skilled in the art should understand that the function of each
processing module in the object recognition device shown in FIG. 4 may be implemented
by a program running in a processor, or may be implemented by a specific logic circuit.
[0178] In practical applications, the above-mentioned first determining module 10,
second determining module 20, recognition module 30, and training module 40 may each
correspond to a processor. The processor may be a central processing unit (CPU), a micro
controller unit (MCU), a digital signal processor (DSP), or a programmable logic
controller (PLC) and other electronic components with processing functions or collections
of the electronic components. Where, the processor includes executable codes stored in a
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storage medium, and the processor may be connected to the storage medium through a
communication interface such as a bus, so as to read and run the executable codes from the
storage medium when executing the corresponding function of each module. A part of the
storage medium used to store the executable codes is preferably a non-transitory storage
medium.

[0179] The object recognition device provided in the embodiments of the present
application can recognize multiple categories of objects with more accurate recognition
results, and can be applied to a wider range of fields.

[0180] An embodiment of the present application further provides an object recognition
device. The device includes a memory, a processor, and a computer program stored in the
memory and executable in the processor, where the computer program, when executed by
the processor, enables the processor to implement the object recognition method provided
in any one of the foregoing embodiments.

[0181] As an implementation, the computer program, when executed by the processor,
enables the processor to:

[0182] acquire to-be-processed point cloud data, and process the to-be-processed point
cloud data to obtain target point cloud data, where the to-be-processed point cloud data
includes point cloud data of a to-be-recognized object;

[0183] recognize the to-be-recognized object from the target point cloud data, and
determine a target feature of the to-be-recognized object; and

[0184] determine, according to the target feature, a target category to which the
to-be-recognized object belongs among a plurality of categories to obtain a recognition
result for the to-be-recognized object, where the recognition result includes at least the
target category.

[0185] As an implementation, the computer program, when executed by the processor,
enables the processor to traverse the to-be-processed point cloud data through a target
geometry at a target step length to obtain the target point cloud data,

[0186] where the target geometry has the same dimension as the to-be-processed point
cloud data, and the target geometry includes a regularly-shaped geometry.

[0187] As an implementation, objects belonging to different categories have different
head shapes; and the computer program, when executed by the processor, enables the

processor to: determine, according to the target feature, a similarity between a head shape
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of the to-be-recognized object and a head shape corresponding to each of the plurality of

categories to obtain a plurality of similarities; and

[0188] determine a category corresponding to the maximum similarity among the
plurality of similarities as the target category.

[0189] As an implementation, the to-be-processed point cloud data includes sample
point cloud data, and the recognition result further includes the shape feature of the
to-be-recognized object; and the computer program, when executed by the processor,
enables the processor to: before obtaining the recognition result for the to-be-recognized
object, recognize the to-be-recognized object from the sample point cloud data to obtain
target sample point cloud data corresponding to the to-be-recognized object; map each
point in the target sample point cloud data to a plurality of target planes to obtain shape
information corresponding to the target sample point cloud data in each of the plurality of
target planes, where every two of the plurality of target planes are perpendicular to each
other; and obtain the shape feature of the to-be-recognized object according to a plurality
pieces of the shape information.

[0190] As an implementation, the computer program, when executed by the processor,
enables the processor to: determine a shape corresponding to the to-be-recognized object
according to the sample point cloud data; acquire first point cloud data corresponding to
the to-be-recognized object from the sample point cloud data according to the shape
corresponding to the to-be-recognized object; and complete the first point cloud data to
obtain second point cloud data corresponding to the first point cloud data, and determine
the second point cloud data as the target sample point cloud data.

[0191] As an implementation, the computer program, when executed by the processor,
enables the processor to: determine a center of the shape corresponding to the
to-be-recognized object, and complete the first point cloud data with central symmetry
using the center as a center of symmetry to obtain the second point cloud data.

[0192] As an implementation, the computer program, when executed by the processor,
enables the processor to fit the plurality pieces of the shape information to obtain the shape
feature of the to-be-recognized object.

[0193] As an implementation, the target point cloud data includes location information
of each point, and the recognition result further includes location information of the

to-be-recognized object.
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[0194] The object recognition device provided in the embodiments of the present
application can recognize multiple categories of objects with more accurate recognition
results, and can be applied to a wider range of fields.

[0195] An embodiment of the present application further provides a computer storage
medium in which computer-executable instructions/computer programs are stored, and the
computer-executable instructions are used to execute the object recognition method
described in each of the foregoing embodiments. In other words, the computer-executable
instructions, when executed by a processor, may enable the processor to implement the
object recognition method provided in any one of the foregoing embodiments.

[0196] An embodiment of the present application further provides a computer program
that, when executed by a processor, enables the processor to implement the object
recognition method provided in any one of the foregoing embodiments.

[0197] Those skilled in the art should understand that the functions of the computer
programs in the embodiments of the present application may be understood with reference
to the relevant description of the object recognition method described in each of the
foregoing embodiments.

[0198] Those ordinary skilled in the art can understand that all or part of the steps in the
above method embodiments may be implemented by hardware related to program
instructions. The foregoing program may be stored in a computer-readable storage
medium, and the steps in the above method embodiments may be performed when the
program is executed. The aforementioned storage medium may include a removable
storage device, read-only memory (ROM), random access memory (RAM), magnetic disk
or optical disk, and various other media that can store program codes.

[0199] Alternatively, when the embodiments of the present application are implemented
in the form of software functional modules and sold or used as independent products, they
may also be stored in a computer-readable storage medium. Based on this understanding,
the embodiments of the present application may essentially be embodied in the form of a
computer software product. The computer software product is stored in a storage medium
and includes several instructions to enable a computer device (which may be a personal
computer, a server, or a network device, etc.) to perform all or part of the method
described in each embodiment of the present application. The aforementioned storage
medium may include a removable storage device, ROM, RAM, magnetic disk, or optical
disk and various other media that can store program codes.
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[0200] The above are only specific implementations of the present application, but the
protection scope of the present application is not limited thereto. Any variation or
replacement readily conceivable by those skilled in the art within the technical scope
disclosed in the present application shall be covered by the protection scope of the present
application. Therefore, the protection scope of the present application should be subject to

the protection scope of the appended claims.
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CLAIMS

1. An object recognition method, comprising:

acquiring to-be-processed point cloud data, and processing the to-be-processed point
cloud data to obtain target point cloud data, wherein the to-be-processed point cloud data
comprises point cloud data of a to-be-recognized object;

recognizing the to-be-recognized object from the target point cloud data, and
determining a target feature of the to-be-recognized object; and

determining, according to the target feature, a target category to which the
to-be-recognized object belongs among a plurality of categories to obtain a recognition
result for the to-be-recognized object, wherein the recognition result comprises at least the

target category.

2. The method according to claim 1, wherein processing the to-be-processed point
cloud data to obtain the target point cloud data comprises:

traversing the to-be-processed point cloud data through a target geometry at a target
step length to obtain the target point cloud data,

wherein the target geometry has a same dimension as the to-be-processed point cloud

data, and the target geometry comprises a regularly-shaped geometry.

3. The method according to claim 1 or 2, wherein objects belonging to different
categories have different head shapes, and
wherein determining, according to the target feature, the target category to which the
to-be-recognized object belongs among the plurality of categories comprises:
for each of the plurality of categories, determining, according to the target feature,
a similarity between a head shape of the to-be-recognized object and a head shape
corresponding to the category to obtain a respective similarity; and
determining a category corresponding to a maximum similarity among the

respective similarities for the plurality of categories as the target category.
4. The method according to any one of claims 1 to 3, wherein the to-be-processed

point cloud data comprises sample point cloud data, and the recognition result further

comprises a shape feature of the to-be-recognized object, and
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wherein before obtaining the recognition result for the to-be-recognized object, the

method further comprises:

recognizing the to-be-recognized object from the sample point cloud data to
obtain target sample point cloud data corresponding to the to-be-recognized object;

for each of a plurality of target planes, mapping each point in the target sample
point cloud data to the target plane to obtain a respective piece of shape information
corresponding to the target sample point cloud data, wherein every two of the plurality of
target planes are perpendicular to each other; and

obtaining the shape feature of the to-be-recognized object according to the

respective pieces of shape information for the plurality of target planes.

5. The method according to claim 4, wherein recognizing the to-be-recognized object
from the sample point cloud data to obtain the target sample point cloud data
corresponding to the to-be-recognized object comprises:

determining a shape corresponding to the to-be-recognized object according to the
sample point cloud data;

acquiring first point cloud data corresponding to the to-be-recognized object from the
sample point cloud data according to the shape corresponding to the to-be-recognized
object; and

completing the first point cloud data to obtain second point cloud data corresponding
to the first point cloud data, and determining the second point cloud data as the target

sample point cloud data.

6. The method according to claim 5, wherein completing the first point cloud data to
obtain the second point cloud data corresponding to the first point cloud data comprises:

determining a center of the shape corresponding to the to-be-recognized object, and
completing the first point cloud data with central symmetry using the center as a center of

symmetry to obtain the second point cloud data.

7. The method according to claim 4, wherein obtaining the shape feature of the
to-be-recognized object according to the respective pieces of shape information comprises:

fitting the respective pieces of shape information for the plurality of target planes to
obtain the shape feature of the to-be-recognized object.
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8. The method according to any one of claims 1 to 7, wherein the target point cloud
data comprises location information of each point, and the recognition result further

comprises location information of the to-be-recognized object.

9. An object recognition device, comprising:

a first determining module, configured to acquire to-be-processed point cloud data,
and process the to-be-processed point cloud data to obtain target point cloud data, wherein
the to-be-processed point cloud data comprises point cloud data of a to-be-recognized
object;

a second determining module, configured to recognize the to-be-recognized object
from the target point cloud data, and determine a target feature of the to-be-recognized
object; and

a recognition module, configured to determine, according to the target feature, a
target category to which the to-be-recognized object belongs among a plurality of
categories to obtain a recognition result for the to-be-recognized object, wherein the

recognition result comprises at least the target category.

10. The device according to claim 9, wherein the first determining module is
configured to:

traverse the to-be-processed point cloud data through a target geometry at a target
step length to obtain the target point cloud data,

wherein the target geometry has a same dimension as the to-be-processed point cloud

data, and the target geometry comprises a regularly-shaped geometry.

11. The device according to claim 9 or 10, wherein objects belonging to different
categories have different head shapes, and

wherein the recognition module is configured to: for each of the plurality of
categories, determine, according to the target feature, a similarity between a head shape of
the to-be-recognized object and a head shape corresponding to the category to obtain a
respective similarity; and determine a category corresponding to a maximum similarity

among the respective similarities for the plurality of categories as the target category.
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12. The device according to any one of claims 9 to 11, wherein the to-be-processed
point cloud data comprises sample point cloud data, and the recognition result further
comprises a shape feature of the to-be-recognized object, and

wherein the device further comprises:

a training module, configured to:

recognize the to-be-recognized object from the sample point cloud data to obtain
target sample point cloud data corresponding to the to-be-recognized object;

for each of a plurality of target planes, map each point in the target sample point
cloud data to the target plane to obtain a respective piece of shape information
corresponding to the target sample point cloud data, wherein every two of the plurality of
target planes are perpendicular to each other; and

obtain the shape feature of the to-be-recognized object according to the respective

pieces of shape information for the plurality of target planes.

13. The device according to claim 12, wherein the training module is configured to:

determine a shape corresponding to the to-be-recognized object according to the
sample point cloud data;

acquire first point cloud data corresponding to the to-be-recognized object from the
sample point cloud data according to the shape corresponding to the to-be-recognized
object; and

complete the first point cloud data to obtain second point cloud data corresponding to
the first point cloud data, and determine the second point cloud data as the target sample

point cloud data.

14. The device according to claim 13, wherein the training module is configured to:
determine a center of the shape corresponding to the to-be-recognized object, and
complete the first point cloud data with central symmetry using the center as a center of

symmetry to obtain the second point cloud data.
15. The device according to claim 12, wherein the training module is configured to:

fit the respective pieces of shape information for the plurality of target planes to

obtain the shape feature of the to-be-recognized object.
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16. The device according to any one of claims 9 to 15, wherein the target point cloud
data comprises location information of each point, and the recognition result further

comprises location information of the to-be-recognized object.

17. An object recognition device, comprising a memory, a processor, and a computer
program stored in the memory and executable in the processor, wherein the computer
program, when executed by the processor, enables the processor to implement the object

recognition method according to any one of claims 1 to 8.
18. A storage medium storing a computer program, wherein the computer program,
when executed by a processor, enables the processor to implement the object recognition

method according to any one of claims 1 to 8.

19. A computer program that, when executed by a processor, enables the processor to

implement the object recognition method according to any one of claims 1 to 8.
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