DETECTION METHODS, DETECTION APPARATUSES, ELECTRONIC

DEVICES AND STORAGE MEDIA

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present disclosure claims priority to Chinese patent application No.
202010060288.7, titled "DETECTION METHODS, DETECTION APPARATUSES,
ELECTRONIC DEVICES AND STORAGE MEDIA", filed on January 19, 2020, the

entire disclosure of which is incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure relates to the field of image processing technology, and in
particular to a detection method, a detection apparatus, an electronic device for detecting,

and a storage medium for detecting.

BACKGROUND
[0003] In the field of computer vision, three-division (3D) target detection is one of the
most basic tasks. The 3D target detection can be applied to scenarios such as automatic

driving and robot performing tasks.

SUMMARY

[0004] In view of this, the present disclosure provides at least a detection method, a
detection apparatus, an electronic device for detecting, and a storage medium for
detecting.

[0005] In a first aspect, the present disclosure provides a detection method, including:
acquiring a two-dimensional image; constructing, for each of one or more objects under
detection in the two-dimensional image, a structured polygon corresponding to the object
under detection based on the acquired two-dimensional image, where for each of the one
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or more objects under detection, a structured polygon corresponding to the object under
detection represents projection of a three-dimensional bounding box corresponding to the
object under detection in the two-dimensional image; for each of the one or more objects
under detection, calculating depth information of vertices in the structured polygon based
on height information of the object under detection and height information of vertical sides
of the structured polygon corresponding to the object under detection; and determining
three-dimensional spatial information of the object under detection based on the depth
information of the vertices in the structured polygon and two-dimensional coordinate
information of the vertices of the structured polygon in the two-dimensional image, where
the three-dimensional spatial information of the object under detection is related to the
three-dimensional bounding box corresponding to the object under detection.

[0006] Since the constructed structured polygon is the projection of the
three-dimensional bounding box corresponding to the object under detection in the
two-dimensional image, the constructed structured polygon can better characterize
three-dimensional features of the object under detection. This makes the depth information
predicted based on the structured polygon has a higher accuracy than the depth
information directly predicted based on features of the two-dimensional image, which in
turn makes the obtained three-dimensional spatial information of the object under
detection more accurate, which improves the accuracy of 3D detection results.

[0007] In a second aspect, the present disclosure provides a detection apparatus,
including: an image acquisition unit configured to acquire a two-dimensional image; a
structured polygon construction unit configured to construct, for each of one or more
objects under detection in the two-dimensional image, a structured polygon corresponding
to the object under detection based on the acquired two-dimensional image, where for

each of the one or more objects under detection, a structured polygon corresponding to the
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object under detection represents projection of a three-dimensional bounding box
corresponding to the object under detection in the two-dimensional image; a depth
information determination unit configured to, for each of the one or more objects under
detection, calculate depth information of vertices in the structured polygon based on height
information of the object under detection and height information of vertical sides of the
structured polygon corresponding to the object under detection; and a three-dimensional
spatial information determination unit configured to determine three-dimensional spatial
information of the object under detection based on the depth information of the vertices in
the structured polygon and two-dimensional coordinate information of the vertices of the
structured polygon in the two-dimensional image, where the three-dimensional spatial
information of the object under detection is related to the three-dimensional bounding box
corresponding to the object under detection.

[0008] In a third aspect, the present disclosure provides an electronic device including: a
processor; a memory for storing machine-readable instructions executable by the
processor; and; and a bus. When the electronic device is running, the processor and the
memory communicate with each other via the bus, when the machine-readable instructions
are executed by the processor, the steps of the detection method described in the first
aspect or any of the implementations are executed.

[0009] In a fourth aspect, the present disclosure provides a computer-readable storage
medium, a computer program is stored on the computer-readable storage medium, and the
computer program is executed by a processor to perform the steps of the detection method
described in the first aspect or any of the implementations.

[0010] In order to make the above-mentioned objectives, features and advantages of the
present disclosure more apparent and understandable, the following is a detailed

description of preferred embodiments in conjunction with accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0011] In order to more clearly describe technical solutions of the embodiments of the
present disclosure, the following will briefly introduce the drawings referred in the
embodiments, and the drawings here are incorporated into the specification and constitute
a part of the specification. These drawings show embodiments in accordance with the
present disclosure, and together with the description are used to illustrate the technical
solutions of the present disclosure. It should be understood that the following drawings
only show certain embodiments of the present disclosure, and therefore should not be
regarded as limiting the scope. For those of ordinary skill in the art, other related drawings
can be obtained based on these drawings without creative effort.
[0012] FIG. 1 is a schematic flowchart illustrating a detection method according to an
embodiment of the present disclosure;
[0013] FIG. 2a is a schematic structural diagram illustrating a structured polygon
corresponding to an object under detection in a detection method according to an
embodiment of the present disclosure;
[0014] FIG. 2b is a schematic structural diagram illustrating a three-dimensional
bounding box corresponding to the object under detection in a detection method according
to an embodiment of the present disclosure, and projection of the three-dimensional
bounding box in a two-dimensional image is the structured polygon in FIG. 2a;
[0015] FIG. 3 is a schematic flowchart illustrating a method for constructing a
structured polygon corresponding to an object under detection in a detection method
according to an embodiment of the present disclosure;
[0016] FIG. 4 is a schematic flowchart illustrating a method for determining attribute
information of a structured polygon corresponding to an object under detection in a

detection method according to an embodiment of the present disclosure;
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[0017] FIG. 5 is a schematic flowchart illustrating a method for performing feature
extraction on a target image corresponding to an object under detection in a detection
method according to an embodiment of the present disclosure;

[0018] FIG. 6 is a schematic structural diagram illustrating a feature extraction model in
a detection method according to an embodiment of the present disclosure;

[0019] FIG. 7 is a schematic structural diagram illustrating a corresponding relationship
between a structured polygon corresponding to an object under detection determined based
on a two-dimensional image and a three-dimensional bounding box corresponding to the
object under detection in a detection method according to an embodiment of the present
disclosure;

[0020] FIG. 8 is a top view of an image under detection in a detection method according
to an embodiment of the present disclosure;

[0021] FIG. 9 is a schematic flowchart illustrating a method for obtaining adjusted
three-dimensional spatial information of an object under detection in a detection method
according to an embodiment of the present disclosure;

[0022] FIG. 10 is a schematic structural diagram illustrating an image detection model
in a detection method according to an embodiment of the present disclosure;

[0023] FIG. 11 is a schematic structural diagram illustrating a detection apparatus
according to an embodiment of the present disclosure; and

[0024] FIG. 12 shows a schematic structural diagram illustrating an electronic device

according to an embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0025] In order to more clearly describe objectives, the technical solutions and

advantages of the embodiments of the present disclosure, the following will clearly and



fully describe the technical solutions in the embodiments of the present disclosure with
reference to the drawings in the embodiments of the present disclosure. Apparently, the
described embodiments are only a part of the embodiments of the present disclosure,
rather than all the embodiments. The components of the embodiments of the present
disclosure generally described and illustrated in the drawings herein can be arranged and
designed in a variety of different configurations. Therefore, the following detailed
description of the embodiments of the present disclosure provided in the accompanying
drawings is not intended to limit the scope of the claimed present disclosure, but merely
represents selected embodiments of the present disclosure. Based on the embodiments of
the present disclosure, all other embodiments obtained by those skilled in the art without
creative work shall fall within the protection scope of the present disclosure.

[0026] In order to realize safe driving of unmanned vehicles and avoid collisions
between a vehicle and surrounding objects, it is expected to detect surrounding objects
during a driving of a vehicle, and determine locations of the surrounding objects, driving
direction of the vehicle and other spatial information. That is, 3D target detection is
desirable.

[0027] In scenarios such as automatic driving and robot transportation, generally,
two-dimensional images are captured by camera devices, and a target object in front of a
vehicle or a robot is recognized from the two-dimensional images, such as recognizing an
obstacle ahead, so that the vehicle or the robot can avoid the obstacle. Since from a
two-dimensional image, only a size of a target object in a planar dimension can be
recognized, it is impossible to accurately learn about three-dimensional spatial information
of the target object in the real world. As a result, when performing tasks such as automatic
driving and robot transportation based on the recognition results, some dangerous

situations may occur, such as crashes, hitting obstacles, or the like. In order to learn about
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three-dimensional spatial information of a target object in the real world, embodiments of
the present disclosure provide a detection method, which obtains depth information and a
structured polygon corresponding to an object under detection based on a two-dimensional
image, so as to realize 3D target detection.

[0028] According to the detection method provided by the embodiments of the present
disclosure, a structured polygon is constructed for each object under detection involved in
an acquired two-dimensional image. Since a constructed structured polygon is projection
of a three-dimensional bounding box corresponding to an object under detection in the
two-dimensional image, the constructed structured polygon can better represent
three-dimensional features of the object under detection. In addition, according to the
detection method provided by the embodiments of the present disclosure, depth
information of vertices in the structured polygon is calculated based on height information
of the object under detection and height information of vertical sides of the structured
polygon corresponding to the object under detection. Such depth information predicted
based on the structured polygon has higher accuracy than depth information predicted
directly based on features of the two-dimensional image. Furthermore, in a case that
three-dimensional spatial information of the object under detection is determined based on
the depth information of the vertices in the structured polygon and two-dimensional
coordinate information of the vertices of the structured polygon in the two-dimensional
image, the accuracy of the obtained three-dimensional spatial information can be relatively
high, and thus the accuracy of the 3D target detection result can be improved.

[0029] In order to facilitate understanding of the embodiments of the present disclosure,
a detection method disclosed in the embodiments of the present disclosure is first

described in detail.



[0030] The detection method provided by the embodiments of the present disclosure can
be applied to a server or a smart terminal device with a central processing unit. The server
can be a local server or a cloud server, or the like. The smart terminal device can be a
smart phone, a tablet computer, a personal digital assistant (Personal Digital Assistant,
PDA), or the like, which is not limited in the present disclosure.

[0031] The detection method provided by the present disclosure can be applied to any
scenario that needs to perceive an object under detection. For example, the detection
method can be applied to an automatic driving scenario, or it can be applied to a scenario
in which robot performs tasks. For example, when the detection method is applied to an
automatic driving scenario, a camera device installed on a vehicle acquires a
two-dimensional image while the vehicle is driving, and sends the acquired
two-dimensional image to a server for 3D target detection, or sends the acquired
two-dimensional image to a smart terminal device. The server or the smart terminal device
processes the two-dimensional image with the detection method provided by the
embodiments of the present disclosure, and determines three-dimensional spatial
information of each object under detection involved in the two-dimensional image.

[0032] Referring to FIG. 1, which is a schematic flowchart illustrating a detection
method according to an embodiment of the present disclosure, and taking that the
detection method is applied to a server as an example for description. The detection
method includes the following steps S101-S104.

[0033] In S101, acquiring a two-dimensional image. The two-dimensional image relates
to one or more objects under detection.

[0034] 1In S102, constructing, for each of the one or more objects under detection in the
two-dimensional image, a structured polygon corresponding to the object under detection

based on the acquired two-dimensional image. A structured polygon corresponding to an
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object under detection represents projection of a three-dimensional bounding box
corresponding to the object under detection in the two-dimensional image.

[0035] In S103, for each of the one or more objects under detection, calculating depth
information of vertices in the structured polygon based on height information of the object
under detection and height information of vertical sides of the structured polygon
corresponding to the object under detection.

[0036] In S104, determining three-dimensional spatial information of the object under
detection based on the calculated depth information of the vertices in the structured
polygon and two-dimensional coordinate information of the vertices of the structured
polygon in the two-dimensional image, the three-dimensional spatial information of the
object under detection is related to the three-dimensional bounding box corresponding to
the object under detection.

[0037] S101~S104 are respectively described below.

[0038] Regarding S101: in the embodiments of the present disclosure, the server or the
smart terminal device can acquire a two-dimensional image captured by a camera device
in real time, or can acquire a two-dimensional image within a preset capturing period from
a storage module for storing two-dimensional images. Here, the two-dimensional image
can be a red-green-blue (RGB) image acquired by a camera device.

[0039] In specific implementation, for scenarios such as automatic driving or robot
transportation, a two-dimensional image corresponding to a current position of a vehicle or
a robot can be acquired in real time during the driving of the vehicle or the robot
transportation, and the acquired two-dimensional image can be processed.

[0040] Regarding S102: in the embodiments of the present disclosure, referring to the
schematic structural diagrams in FIG. 2a and FIG. 2b, which illustrate a structured

polygon corresponding to an object under detection and a three-dimensional bounding box
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corresponding to the object under detection in the detection method. Here, the structured
polygon 24 corresponding to the object under detection is projection of the
three-dimensional bounding box 25 of a rectangular parallelepiped structure in a
two-dimensional image. In specific implementation, if the two-dimensional image
includes a plurality of objects under detection, a corresponding structured polygon is
constructed for each object under detection. In specific implementation, the object under
detection can be any object that needs to be detected during the driving of the vehicle. For
example, the object under detection can be a vehicle, an animal, a pedestrian, or the like.
[0041] In a possible implementation, referring to FIG. 3, based on the acquired
two-dimensional image, for each of the one or more objects under detection in the
two-dimensional image, constructing a structured polygon corresponding to the object
under detection includes the following steps S301-S302.

[0042] In S301, for each of the one or more objects under detection, based on the
two-dimensional image, determining attribute information of the structured polygon
corresponding to the object under detection. The attribute information includes at least one
of the following: vertex information, surface information, or contour line information.
[0043] In S302, based on the attribute information of the structured polygon
corresponding to the object under detection, constructing the structured polygon
corresponding to the object under detection.

[0044] Exemplarily, when the attribute information includes the vertex information, for
each object under detection, information of a plurality of vertices of the structured polygon
corresponding to the object under detection can be determined based on the
two-dimensional image, and from the obtained information of the plurality of vertices, a
structured polygon corresponding to the object under detection can be constructed. Taking

FIG. 2a as an example, the information of the plurality of vertices can be coordinate

10



information of eight vertices of the structured polygon 24, that is, the coordinate
information of each vertex of the vertices P, P2, P3, P4, Ps, Ps, P7, and Ps. Alternatively,
the information of the plurality of vertices can also be coordinate information of a part of
vertices of the structured polygon 24, and a structured polygon can be uniquely
determined based on the coordinate information of this part of vertices. For example, the
coordinate information of a part of vertices can be coordinate information of each of the
vertices P3, P4, Ps, Pg, P7, and Pg, or the coordinate information of a part of vertices can
also be coordinate information of each of the vertices P3, Ps, P7, and Pg. Which part of the
vertices is specifically used to uniquely determine a structured polygon can be determined
according to actual conditions, which is not limited in the embodiments of the present
disclosure.

[0045] Exemplarily, when the attribute information includes the surface information, for
each object under detection, plane information of a plurality of surfaces of the structured
polygon corresponding to the object under detection can be determined based on the
two-dimensional image, and a structured polygon corresponding to the object under
detection can be constructed from the obtained plane information of the plurality of
surfaces. Taking FIG. 2a as an example for description, the plane information of the
plurality of surfaces can be shapes and positions of six surfaces of the structured polygon
24. Alternatively, the plane information of the plurality of surfaces can also be the shapes
and positions of a part of the surfaces of the structured polygon 24, and a structured
polygon can be uniquely determined based on the shapes and positions of this part of the
surfaces. For example, a part of the surfaces can be a first plane 21, a second plane 22, and
a third plane 23, or a part of the surfaces can also be the first plane 21 and the second

plane 22. Which part of the planes is specifically used to uniquely determine a structured
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polygon can be determined according to actual conditions, which is not specifically
limited in the embodiments of the present disclosure.

[0046] Exemplarily, when the attribute information includes the contour line
information, for each object under detection, information of a plurality of contour lines of
the structured polygon corresponding to the object under detection can be determined
based on the two-dimensional image, and the obtained information of the plurality of
contour lines can be used to construct the structured polygon corresponding to the object
under detection. Taking FIG. 2a as an example for description, information of the plurality
of contour lines can be positions and lengths of 12 contour lines of the structured polygon
24. Alternatively, information of the plurality of contour lines can also be the positions and
lengths of a part of the contour lines in the structured polygon 24, and a structured polygon
can be uniquely determined based on the positions and lengths of this part of the contour
lines. For example, a part of the contour lines can be a contour line formed by the vertex
P7 and the vertex Pg (a first contour line), a contour line formed by the vertex P;7 and the
vertex P3 (a second contour line), and a contour line formed by the vertex P; and the
vertex Pg (a third contour line), or a part of the contour lines can be the contour line
formed by the vertex P7 and the vertex Pg (the first contour line), the contour line formed
by the vertex P7 and the vertex P3 (the second contour line), the contour line formed by the
vertex P7 and the vertex Pg (the third contour line) and a contour line formed by the vertex
P4 and the vertex Pg (a fourth contour line). Which contour lines are specifically used to
uniquely determine a structured polygon can be determined according to actual conditions,
which is not specifically limited in the embodiments of the present disclosure.

[0047] Through the above steps, the vertex information (structured polygons generally
include a plurality of vertices), the plane information (structured polygons generally

include a plurality of surfaces), and the contour line information (structured polygons
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generally include a plurality of contour lines) are basic information for constructing a
structured polygon. Based on such basic information, a structured polygon can be uniquely
constructed, and the shape of the object under detection can be more accurately
represented.

[0048] In a possible implementation, referring to FIG. 4, based on the two-dimensional
image, determining the attribute information of the structured polygon corresponding to
each of the one or more objects under detection includes the following steps S401-S403.
[0049] In S401, obtaining one or more object areas in the two-dimensional image by
performing object detection on the two-dimensional image. Each of the one or more object
areas involves one of the objects under detection.

[0050] In S402, for each of the one or more objects under detection, based on the object
area corresponding to the object under detection and second preset size information,
cutting a target image corresponding to the object under detection from the
two-dimensional image. The second preset size information represents a size greater than
or equal to a size of the object area of each of the one or more objects under detection.
[0051] In S403, obtaining the attribute information of the structured polygon
corresponding to the object under detection by performing feature extraction on the target
image corresponding to the object under detection.

[0052] In the embodiments of the present disclosure, object detection can be performed
on the two-dimensional image through a trained first neural network model, to obtain a
first detection box (indicating an object area) corresponding to each of objects under
detection in the two-dimensional image. Here, each object area involves an object under
detection.

[0053] In specific implementation, when performing feature extraction on the target

image corresponding to each of objects under detection, the size of the target image
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corresponding to each of the objects under detection can be made consistent, so a second
preset size can be set. In this way, by cutting the target image corresponding to each of the
objects under detection from the two-dimensional image, the size of the target image
corresponding to each of the objects under detection can be the same as the second preset
size.

[0054] Exemplarily, the second preset size information can be determined based on
historical experience. For example, based on a size of each object area in the historical
experience, the largest size from the sizes corresponding to a plurality of object areas can
be selected as the second preset size. In this way, the second preset size can be set to be
greater than or equal to the size of each of the object areas, thereby making inputs of a
model for performing feature extraction on the target image consistent, and ensuring that
features of the object under detection contained in each object area are complete. In other
words, it can be avoided that when the second preset size is smaller than the size of any
object area, some of the features of the object under detection contained in the object area
are omitted. For example, if the second preset size is smaller than the size of the object
area of an object A under detection, a target image ImgA corresponding to the object A
under detection is obtained based on the second preset size, then features of the object A
under detection contained in the target image ImgA are not complete, which in turn makes
the obtained attribute information of the structured polygon corresponding to the object A
under detection inaccurate. Exemplarily, by taking a center point of each object area as the
center point of respective target image and taking the second preset size as the size of the
respective target image, the respective target image corresponding to each object under
detection can be cut from the two-dimensional image.

[0055] In specific implementation, the feature extraction on the target image

corresponding to each object under detection can be performed through a trained structure
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detection model to obtain the attribute information of the structured polygon
corresponding to each object under detection. Here, the structure detection model can be
obtained based on training a basic deep learning model.

[0056] For example, when the structure detection model includes a vertex determination
model, the vertex determination model is obtained by training a basic deep learning model,
and the target image corresponding to each object under detection is input to the trained
vertex determination model to obtain coordinates of all vertices or part of the vertices
corresponding to the object under detection. Alternatively, when the structure detection
model includes a plane determination model, the plane determination model is obtained by
training a basic deep learning model, and the target image corresponding to each object
under detection is input to the trained plane determination model to obtain information of
all planes or information of part of the planes corresponding to the object under detection.
The plane information includes at least one of a plane position, a plane shape, or a plane
size. Alternatively, when the structure detection model includes a contour line
determination model, the contour line determination model is obtained by training a basic
deep learning model, and the target image corresponding to each object under detection is
input into the trained contour line determination model to obtain information of all contour
lines or part of the contour lines corresponding to the object under detection, and the
contour line information includes the position and length of a contour line.

[0057] In the embodiments of the present disclosure, for each of the objects under
detection, the target image corresponding to the object under detection is first cut from the
two-dimensional image, and then feature extraction is performed on the target image
corresponding to the object under detection, to obtain the attribute information of the
structured polygon corresponding to the object under detection. Here, the target image

corresponding to each of the objects under detection is processed into a uniform size,
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which can simplify the processing of the model used for performing feature extraction on
the target image and improve the processing efficiency.

[0058] Exemplarily, referring to FIG. 5, when the attribute information includes the
vertex information, according to the following steps S501 to S503, feature extraction can
be performed on the target image corresponding to each object under detection to obtain
the attribute information of the structured polygon corresponding to each object under
detection.

[0059] In S501, extracting feature data of the target image corresponding to the object
under detection through a convolutional neural network.

[0060] In S502, obtaining a set of heat maps corresponding to the object under detection
by processing the feature data through one or more stacked hourglass networks. The set of
heat maps includes a plurality of heat maps, and each of the heat maps includes one vertex
of a plurality of vertices of the structured polygon corresponding to the object under
detection.

[0061] In S503, determining the attribute information of the structured polygon
corresponding to the object under detection based on the set of heat maps of the object
under detection.

[0062] In the embodiments of the present disclosure, the target image corresponding to
each object under detection can be processed through a trained feature extraction model to
determine the attribute information of the structured polygon corresponding to each object
under detection. The feature extraction model can include a convolutional neural network
and at least one stacked hourglass network, and the number of the at least one stacked
hourglass network can be determined according to actual needs. Specifically, referring to
the structural schematic diagram of the feature extraction model shown in FIG. 6, which

includes a target image 601, a convolutional neural network 602, and two stacked
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hourglass networks 603. For each object under detection, the target image 601
corresponding to the object under detection is input into the convolutional neural network
602 for feature extraction, and feature data corresponding to the target image 601 is
determined; the feature data corresponding to the target image 601 is input into the two
stacked hourglass networks 603 to obtain a set of heat maps corresponding to the object
under detection. In this way, the attribute information of the structured polygon
corresponding to the object under detection can be determined based on the set of heat
maps corresponding to the object under detection.

[0063] Here, a set of heat maps includes a plurality of heat maps, and each feature point
in each heat map corresponds to a probability value, and the probability value represents a
probability that the feature point indicates a vertex. In this way, a feature point with the
largest probability value can be selected from a heat map as one of the vertices of the
structured polygon corresponding to the set of heat maps to which the heat map belongs.
In addition, the position of the vertex corresponding to each of the heat maps is different,
and the number of the plurality of heat maps included in a set of heat maps can be set
according to actual needs.

[0064] Exemplarily, if the attribute information includes the coordinate information of
eight vertices of a structured polygon, the set of heat maps can be set to include eight heat
maps. The first heat map can include the vertex P; of the structured polygon in FIG. 2a,
the second heat map can include the vertex P> of the structured polygon in FIG. 2a, ...,
and the eighth heat map can include the vertex Pg of the structured polygon in FIG. 2a. If
the attribute information includes the coordinate information of part of the vertices of the
structured polygon, for example, a part of the vertices indicate P3, P4, Ps, Pg, P7, Pg, the set
of heat maps can be set to include six heat maps, and the first heat map can include the

vertex P3 of the structured polygon in FIG. 2a, the second heat map can include the vertex

17



P4 of the structured polygon in FIG. 2a, ..., and the sixth heat map can include the vertex
Ps of the structured polygon in FIG. 2a.

[0065] In a possible implementation, based on the two-dimensional image, determining
the attribute information of the structured polygon corresponding to the object under
detection includes: performing feature extraction on the two-dimensional image to obtain
information of a plurality of target elements in the two-dimensional image, the target
elements include at least one of vertices, surfaces, or contour lines; clustering the target
elements based on the information of the plurality of target elements to obtain at least one
set of clustered target elements; and for each set of target elements, forming a structured
polygon according to target elements in the set of target elements, and taking the
information of the target elements in the set of target elements as the attribute information
of the structured polygon.

[0066] In the embodiments of the present disclosure, it is also possible to perform
feature extraction on the two-dimensional image to determine the attribute information of
the structured polygon corresponding to each object under detection in the
two-dimensional image. For example, when a target element indicates a vertex, if the
two-dimensional image includes two objects under detection, that is, a first object under
detection and a second object under detection, then feature extraction is performed on the
two-dimensional image to obtain information of a plurality of vertices included in the
two-dimensional image. Based on the information of the plurality of vertices, the vertices
are clustered (that is, based on the information of the vertices, the object under detection
corresponding to the vertices is determined, and the vertices belonging to the same object
under detection are clustered together) to obtain clustered sets of target elements. The first
object under detection corresponds to a first set of target elements, and the second object

under detection corresponds to a second set of target elements. A structured polygon
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corresponding to the first object under detection can be formed according to target
elements in the first set of target elements, and the information of the target elements in
the first set of target elements is taken as attribute information of the structured polygon
corresponding to the first object under detection. A structured polygon corresponding to
the second object under detection can be formed according to target elements in the
second set of target elements, and the information of the target elements in the second set
of target elements is taken as attribute information of the structured polygon
corresponding to the second object under detection.

[0067] In the embodiments of the present disclosure, a set of target elements for each
category is obtained by clustering each of the target elements in the two-dimensional
image, and elements in each set of target elements obtained in this way represent elements
in one object under detection. Then, based on each set of target elements, the structured
polygon of the object under detection corresponding to the set of target elements can be
obtained.

[0068] Regarding S103, considering that no depth information is involved in the
two-dimensional image, in order to determine the depth information of the
two-dimensional image, in the embodiments of the present disclosure, height information
of the object under detection and height information of at least one side of the structured
polygon corresponding to the object under detection can be used to calculate the depth
information of the vertices in the structured polygon.

[0069] In a possible implementation, for each object under detection, calculating the
depth information of the vertices in the structured polygon based on the height information
of the object under detection and the height information of vertical sides of the structured
polygon corresponding to the object under detection, includes: for each object under

detection, determining a ratio between a height of the object under detection and a height
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of each vertical side in the structured polygon; and for each vertical side, determining a
product of the ratio corresponding to the vertical side with a focal length of a camera
device which captured the two-dimensional image as depth information of a vertex
corresponding to the vertical side.

[0070] Referring to FIG. 7, a structured polygon 701 corresponding to an object under
detection, a three-dimensional bounding box 702 of the object under detection in a
three-dimensional space, and a camera device 703 are shown in the figure. It can be seen
from FIG. 7 that the height H of the object under detection, the height h; of at least one
vertical side in the structured polygon corresponding to the object under detection, and the
depth information Z; of the vertex corresponding to the at least one vertical side have the

following relationship:

z.=f-2 (1)

[0071] where f is the focal length of a camera device; j = {1,2,3,4}, which is the serial
number of any one of four vertical sides of the structured polygon (that is, h1 corresponds
to the height of the first vertical side, h2 corresponds to the height of the second vertical
side, or the like).

[0072] In specific implementation, the value of f can be determined according to the
camera device. If j indicates 4, by determining the value of hs and the height H of the
corresponding object under detection, the depth information of any point on the vertical
side corresponding to hs can be obtained, that is, the depth information of the vertices at
both ends of the fourth vertical side can be obtained. Further, the depth information of
each vertex on the structured polygon can be obtained.

[0073] Exemplarily, the value of h; can be determined on the structured polygon; or,

when the attribute information indicates contour line information, after the contour line
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information is obtained, the value of h; can be determined based on the obtained contour
line information; or, a height information detection model can also be provided, and based
on the height information detection model, the value of h; in the structured polygon can
be determined. The height information detection model can be obtained based on training
a neural network model.

[0074] In a possible implementation, determining the height of the object under
detection includes: determining the height of each object under detection in the
two-dimensional image based on the two-dimensional image and a pre-trained neural
network for height detection; or, collecting in advance real height values of the object
under detection in a plurality of different attitudes, and taking an average value of the
plurality of real height values collected as the height of the object under detection; or
obtaining a regression variable of the object under detection based on the two-dimensional
image and a pre-trained neural network for object detection, and determining the height of
the object under detection based on the regression variable and an average height of the
object under detection in a plurality of different attitudes obtained in advance. The
regression variable represents the degree of deviation between the height of the object
under detection and the average height.

[0075] Exemplarily, when the object under detection indicates a vehicle, real height
values of a plurality of vehicles of different models can be collected in advance, the
plurality of collected real height values are averaged, and the obtained average value is
used as the height of the object under detection.

[0076] Exemplarily, the two-dimensional image can also be input into a trained neural
network for height detection, to obtain the height of each object under detection involved
in the two-dimensional image. Alternatively, it is also possible to input the cut target

image corresponding to each object under detection into a trained neural network for
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height detection to obtain the height of the object under detection corresponding to the
target image.

[0077] Exemplarily, the two-dimensional image can also be input into a trained neural
network for object detection to obtain a regression variable for each object under detection,
and based on the regression variable and the average height of objects under detection in a
plurality of different attitudes obtained in advance, the height of each object under
detection is determined. Alternatively, the cut target image corresponding to each object
under detection can be input into the trained neural network for object detection to obtain
the regression variable of each object under detection, and based on the regression variable
and the average height of objects under detection in a plurality of different attitudes
obtained in advance, the height of each object under detection is determined. Here, the
following relationship exists between the regression variable ¢, the average height Ay, and
the height H:

H= Ay e ©)

[0078] Through the above formula (2), the height H corresponding to each object under
detection can be obtained.

[0079] Regarding S104, in the embodiments of the present disclosure, the depth
information of the vertices in the structured polygon obtained by calculation and the
two-dimensional coordinate information of the vertices of the structured polygon in the
two-dimensional image can be wused to determine three-dimensional coordinate
information of the three-dimensional bounding box corresponding to the object under
detection. Based on the three-dimensional coordinate information of the three-dimensional
bounding box corresponding to the object under detection, three-dimensional spatial

information of the object under detection is determined.
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[0080] Specifically, a unique projection point in the two-dimensional image can be
obtained for each point on the object under detection. Therefore, there is the following
relationship between each point on the object under detection and a corresponding feature
point in the two-dimensional image:

K'[XEIYEJ'Z:’]T: [I‘ir”irl]r'zi; (3)
[0081] K indicates an internal parameter of a camera device, i can represent any point on
the object under detection, [X;.¥;,Z;] indicates three-dimensional coordinate information
corresponding to any point i on the object under detection, (;,7v;) indicates
two-dimensional coordinate information of a projection point projected on the
two-dimensional image by any point i in the object under detection. Z; indicates
corresponding depth information solved from the equation. Here, the three-dimensional
coordinate information is coordinate information in an established world coordinate
system, and the two-dimensional coordinate information is coordinate information in an
established imaging planar coordinate system. The origin position of the world coordinate
system and the imaging planar coordinate system are the same.
[0082] Exemplarily, i can also represent the vertices on the three-dimensional bounding
box corresponding to the object under detection, then i =1, 2...., 8, [X,.¥,,Z;] indicates
the three-dimensional coordinate information of the vertices on the three-dimensional
bounding box, (u;, ;) indicates two-dimensional coordinate information of the vertices of
the structured polygon which correspond to the vertices of the three-dimensional bounding
box and are projected on the two-dimensional image. Z; indicates corresponding depth
information solved from the equation.
[0083] Here the three-dimensional spatial information of the object under detection is
related to the three-dimensional bounding box corresponding to the object under detection.

For example, the three-dimensional spatial information of the object under detection can
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be determined according to the three-dimensional bounding box corresponding to the
object under detection. In specific implementation, the three-dimensional spatial
information can include at least one of spatial position information, orientation
information, or size information.

[0084] In the embodiments of the present disclosure, the spatial position information can
be the coordinate information of a center point of the three-dimensional bounding box
corresponding to the object under detection, for example, coordinate information of an
intersection point between a line segment P1P7 (a connection line between the vertex P
and the vertex P7) and a line segment P>Pg (a connection line between the vertex P> and the
vertex Pg) in FIG. 2. It can also be the coordinate information of the center point of any
surface in the three-dimensional bounding box corresponding to the object under detection,
for example, coordinate information of a center point of a plane formed by the vertex Pa,
the vertex Ps3, the vertex Pg and the vertex P7 in FIG. 2, that is, coordinate information of
an intersection point between a line segment PoP7 and a line segment P3Ps.

[0085] In the embodiments of the present disclosure, the orientation information can be
a value of an included angle between a target plane set on the three-dimensional bounding
box and a preset reference plane. FIG. 8 shows a top view of an image under detection.
FIG. 8 includes a target plane 81 set on the three-dimensional bounding box corresponding
to the object under detection and a preset reference plane 82 (the reference plane can be
the plane where the camera device is located), and it can be seen that the orientation
information of the object 83 under detection can be an included angle 01, the orientation
information of the object 84 under detection can be an included angle 0, and the
orientation information of the object 85 under detection can be an included angle 6s.

[0086] In the embodiments of the present disclosure, the size information can be any

one or more of a length, width, and height of the three-dimensional bounding box
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corresponding to the object under detection. For example, the length of the
three-dimensional bounding box can be the value of a line segment P3P7, the width of the
three-dimensional bounding box can be the value of a line segment P3P2, and the height of
the three-dimensional bounding box can be the value of a line segment P3P4. Exemplarily,
after the three-dimensional coordinate information of the three-dimensional bounding box
corresponding to the object under detection is determined, an average value of four long
sides can be calculated, and the resulted average length is determined as the length of the
three-dimensional bounding box. For example, an average length of the line segments P3P,
P4Ps, P1Ps, and PoPs can be calculated, and the resulted average length can be determined
as the length of the three-dimensional bounding box. In the same way, the width and
height of the three-dimensional bounding box corresponding to the object under detection
can be obtained. Alternatively, since there are cases where some sides in the
three-dimensional bounding box are occluded, in order to improve the accuracy of the
calculated size information, the length of the three-dimensional bounding box can be
determined by a selected part of the long sides, the width of the three-dimensional
bounding box can be determined by a selected part of wide sides, and the height of the
three-dimensional bounding box can be determined by a selected part of vertical sides, so
as to determine the size information of the three-dimensional bounding box. Exemplarily,
the selected part of the long sides can be a long side that is not blocked, the selected part
of the wide sides can be a wide side that is not blocked, and the selected part of the
vertical sides can be a vertical side that is not blocked. For example, an average length of
the line segments P3P7, P4Pg, and PiPs is calculated, and the resulted average length is
determined as the length of the three-dimensional bounding box. In the same way, the
width and height of the three-dimensional bounding box corresponding to the object under

detection can be obtained.
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[0087] In a possible implementation, after determining the three-dimensional spatial
information of the object under detection, the method further includes: generating a
bird's-eye view corresponding to the two-dimensional image based on the
two-dimensional image and a depth map corresponding to the two-dimensional image; and
adjusting the three-dimensional spatial information of each object under detection based
on the bird's-eye view to obtain adjusted three-dimensional spatial information of the
object under detection.

[0088] In the embodiments of the present disclosure, the corresponding depth map can
be determined based on the two-dimensional image. For example, the two-dimensional
image can be input into a trained deep ordinal regression network (DORN) to obtain the
corresponding depth map of the two-dimensional image. Exemplarily, the depth map
corresponding to the two-dimensional image can also be determined based on a binocular
ranging method. Alternatively, the depth map corresponding to the two-dimensional image
can also be determined based on a depth camera. Specifically, the method for determining
the depth map corresponding to the two-dimensional image can be determined according
to the actual situation, as long as the size of the obtained depth map is consistent with the
size of the two-dimensional image.

[0089] In the embodiments of the present disclosure, a bird's-eye view corresponding to
the two-dimensional image is generated based on the two-dimensional image and the
depth map corresponding to the two-dimensional image, and the bird's-eye view includes
depth value. When the three-dimensional spatial information of the object under detection
is adjusted based on the bird's-eye view, the adjusted three-dimensional spatial information
can be more consistent with the corresponding object under detection.

[0090] In a possible implementation, generating the bird's-eye view corresponding to the

two-dimensional image based on the two-dimensional image and the depth map
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corresponding to the two-dimensional image includes: based on the two-dimensional
image and the depth map corresponding to the two-dimensional image, obtaining point
cloud data corresponding to the two-dimensional image, where the point cloud data
includes three-dimensional coordinate values of a plurality of space points in a real space
corresponding to the two-dimensional image; based on the three-dimensional coordinate
values of each space point in the point cloud data, generating the bird’s-eye view
corresponding to the two-dimensional image.

[0091] In the embodiments of the present disclosure, for the feature point i in the
two-dimensional image, based on the two-dimensional coordinate information (u;,v;) of
the feature point and the corresponding depth value Z; on the depth map,

three-dimensional coordinate value (Xi, Yi, Zi) of the space point in the real space

corresponding to the feature point i can be obtained through the formula (3), and then the
three-dimensional coordinate value of each space point in the real space corresponding to
the two-dimensional image can be obtained. Further, based on the three-dimensional
coordinate value of each space point in the point cloud data, the bird's-eye view
corresponding to the two-dimensional image is generated.

[0092] In a possible implementation, generating the bird's-eye view corresponding to the
two-dimensional image based on the three-dimensional coordinate values of each space
point in the point cloud data includes: for each space point, determining a horizontal axis
coordinate value of the space point as a horizontal axis coordinate value of a feature point
corresponding to the space point in the bird's-eye view, determining a longitudinal axis
coordinate value of the space point as a pixel channel value of the feature point
corresponding to the space point in the bird's-eye view, and determining a vertical axis
coordinate value of the space point as a longitudinal axis coordinate value of the feature

point corresponding to the space point in the bird's-eye view.
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[0093] In the embodiments of the present disclosure, for a space point A (Xa, Ya, Za), a
horizontal axis coordinate value Xa of the space point is determined as a horizontal axis
coordinate value of a feature point corresponding to the space point A in the bird's-eye
view, and a longitudinal axis coordinate value Ya of the space point is determined as a
pixel channel value of the feature point corresponding to the space point A in the
bird's-eye view, and a vertical axis coordinate value Za of the space point is determined as
a vertical axis coordinate value of the feature point corresponding to the space point A in
the bird's-eye view.

[0094] A feature point in the bird's-eye view may correspond to a plurality of space
points, and the plurality of space points are space points at the same horizontal position
and with different heights. In other words, the Xa and Ya of the plurality of space points
are the same, but the Za are different. In this case, the largest value can be selected from
the vertical axis coordinate values Za corresponding to the plurality of space points as the
pixel channel value corresponding to the feature point.

[0095] In a possible implementation, as shown in FIG. 9, for each object under detection,
adjusting the three-dimensional spatial information of the object under detection based on
the bird's-eye view to obtain the adjusted three-dimensional spatial information of the
object under detection includes: S901, extracting first feature data corresponding to the
bird's-eye view; S902, based on the three-dimensional spatial information of each object
under detection and first preset size information, selecting second feature data
corresponding to each object under detection from the first feature data corresponding to
the bird's-eye view; S903, based on the second feature data corresponding to each object
under detection, determining the adjusted three-dimensional spatial information of the

object under detection.
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[0096] In the embodiments of the present disclosure, the first feature data corresponding
to the bird's-eye view can be extracted based on a convolutional neural network.
Exemplarily, for each object under detection, a three-dimensional bounding box
corresponding to the object under detection can be determined based on the
three-dimensional spatial information of the object under detection. By taking a center
point of each three-dimensional bounding box as the center of respective selection box and
taking the first preset size as the size of respective selection box, the respective selection
box corresponding to each object under detection is determined. Based on the determined
selection box, the second feature data corresponding to each object under detection is
selected from the first feature data corresponding to the bird's-eye view. For example, if
the first preset size is 6 cm in length and 4 cm in width, the center point of the
three-dimensional bounding box is used as the center to determine a selection box with a
length of 6 cm and a width of 4 cm. Based on the determined target selection box, from
the first feature data corresponding to the bird's-eye view, the second feature data
corresponding to each object under detection is selected.

[0097] In the embodiments of the present disclosure, the second feature data
corresponding to each object under detection can also be input to at least one convolution
layer for convolution processing to obtain intermediate feature data corresponding to the
second feature data. The obtained intermediate feature data is input to a first fully
connected layer for processing, and a residual value of the three-dimensional spatial
information of the object under detection is obtained. Based on the residual value of the
three-dimensional spatial information, the adjusted three-dimensional spatial information
of the object under detection is determined. Alternatively, the obtained intermediate

feature data can also be input to a second fully connected layer for processing, and the
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adjusted three-dimensional spatial information of the object under detection can be
directly obtained.

[0098] In the embodiments of the present disclosure, for each object under detection, the
second feature data corresponding to the object under detection is selected from the first
feature data corresponding to the bird's-eye view, and the adjusted three-dimensional
spatial information of the object under detection is determined based on the second feature
data corresponding to the object under detection. In this way, the data processing volume
of the model used to determine the adjusted three-dimensional spatial information of the
object under detection is small, and the processing efficiency can be improved.

[0099] Exemplarily, an image detection model can be set, and an acquired
two-dimensional image can be input into a trained image detection model for processing,
so as to obtain adjusted three-dimensional spatial information of each object under
detection included in the two-dimensional image. Referring to a schematic diagram of the
structure of an image detection model in a detection method shown in FIG. 10, the image
detection model includes a first convolution layer 1001, a second convolution layer 1002,
a third convolution layer 1003, a fourth convolution layer 1004, a first detection model
1005, a second detection model 1006, and an optimization model 1007. The first detection
model 1005 includes two stacked hourglass networks 10051, the second detection model
1006 includes at least one first fully connected layer 10061, and the optimization model
1007 includes a deep ordinal regression network 10071, a fifth convolution layer 10072,
and a six convolution layer 10073, a seventh convolution layer 10074, and a second fully
connected layer 10075.

[0100] Specifically, the acquired two-dimensional image 1008 is input into a cutting
model for processing, and a target image 1009 corresponding to at least one object under

detection included in the two-dimensional image is obtained. The cutting model is used to
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perform detection on the two-dimensional image to obtain a rectangular detection box
corresponding to at least one object under detection included in the two-dimensional
image. Then, based on the rectangular detection box corresponding to each object under
detection and the corresponding second preset size information, a target image
corresponding to each object under detection is selected from the two-dimensional image.
[0101] After the target image is obtained, each target image 1009 is input to the first
convolution layer 1001 for convolution processing to obtain first convolution feature data
corresponding to each target image. Then, the first convolution feature data corresponding
to each target image is input into the first detection model 1005. Two hourglass networks
10051 stacked in the first detection model 1005 process the first convolution feature data
corresponding to each target image to obtain a structured polygon corresponding to each
target image. Then, the obtained structured polygon corresponding to each target image is
input into the second detection model 1006.

[0102] At the same time, the first convolution feature data corresponding to each target
image is sequentially input into the second convolution layer 1002, the third convolution
layer 1003, and the fourth convolution layer 1004 for convolution processing to obtain
second convolution feature data corresponding to each target image. The second
convolution feature data is input into the second detection model 1006, and at least one
first fully connected layer 10061 in the second detection model 1006 processes the second
convolution feature data to obtain height information of each object under detection. For
each object under detection, based on the height information of the object under detection
and the received structured polygon, depth information of vertices in the object under
detection is determined, and then three-dimensional spatial information of the object under
detection is obtained, and the obtained three-dimensional spatial information is input to the

optimization model.
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[0103] At the same time, the two-dimensional image is input into the optimization
model 1007, and the depth ordinal regression network 10071 in the optimization model
1007 processes the two-dimensional image to obtain a depth map corresponding to the
two-dimensional image. Based on the two-dimensional image and the depth map
corresponding to the two-dimensional image, a bird's-eye view corresponding to the
two-dimensional image is obtained and input to the fifth convolution layer 10072 for
convolution processing to obtain first feature data corresponding to the bird's-eye view.
Then, based on the obtained three-dimensional spatial information and the first preset size
information, second feature data corresponding to each object under detection is selected
from the first feature data corresponding to the bird's-eye view. Then, the second feature
data is sequentially input into the sixth convolution layer 10073 and the seventh
convolution layer 10074 for convolution processing to obtain the third convolution feature
data. Finally, the third convolution feature data is input to the second fully connected layer
10075 for processing, to obtain adjusted three-dimensional spatial information of each
object under detection.

[0104] According to a detection method provided by the embodiments of the present
disclosure, since the constructed structured polygon is the projection of the
three-dimensional bounding box corresponding to the object under detection in the
two-dimensional image, the constructed structured polygon can better characterize
three-dimensional features of the object under detection. This makes the depth information
predicted based on the structured polygon has a higher accuracy than the depth
information directly predicted based on features of the two-dimensional image, which in
turn makes the three-dimensional spatial information of the object under detection
obtained correspondingly more accurate, which improves the accuracy of 3D detection

results.
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[0105] Those skilled in the art can understand that in the above-mentioned method of
the specific implementation, the description order of the steps does not mean a strict
execution order nor constitutes any limitation on the implementation process. The specific
execution order of the steps should be determined based on its function and possible inner
logic.

[0106] The embodiments of the present disclosure also provide a detection apparatus. As
shown in FIG. 11, the schematic diagram of the architecture of the detection apparatus
provided by the embodiments of the present disclosure includes an image acquisition unit
1101, a structured polygon construction unit 1102, a depth information determination unit
1103, and a three-dimensional spatial information determination unit 1104. Specifically,
the image acquisition unit 1101 is configured to acquire a two-dimensional image. The
structured polygon construction unit 1102 is configured to construct, for each of one or
more objects under detection in the two-dimensional image, a structured polygon
corresponding to the object under detection based on the acquired two-dimensional image,
where for each of the one or more objects under detection, a structured polygon
corresponding to the object under detection represents projection of a three-dimensional
bounding box corresponding to the object under detection in the two-dimensional image.
The depth information determination unit 1103 is configured to, for each of the one or
more objects under detection, calculate depth information of vertices in the structured
polygon based on height information of the object under detection and height information
of vertical sides of the structured polygon corresponding to the object under detection. The
three-dimensional spatial information determination unit 1104 is configured to determine
three-dimensional spatial information of the object under detection based on the depth
information of the vertices in the structured polygon and two-dimensional coordinate

information of the vertices of the structured polygon in the two-dimensional image, where
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the three-dimensional spatial information of the object under detection is related to the
three-dimensional bounding box corresponding to the object under detection.

[0107] In a possible implementation, the detection apparatus further includes: a
bird's-eye view determination unit 1105 configured to generate a bird's-eye view
corresponding to the two-dimensional image based on the two-dimensional image and a
depth map corresponding to the two-dimensional image; and an adjustment unit 1106
configured to, for each object under detection, adjust the three-dimensional spatial
information of each object under detection based on the bird's-eye view to obtain adjusted
three-dimensional spatial information of the object under detection.

[0108] In a possible implementation, the bird's-eye view determination unit is
configured to obtain point cloud data corresponding to the two-dimensional image based
on the two-dimensional image and the depth map corresponding to the two-dimensional
image, where the point cloud data includes three-dimensional coordinate values of a
plurality of space points in a real space corresponding to the two-dimensional image; and
generate the bird’s-eye view corresponding to the two-dimensional image based on the
three-dimensional coordinate values of each of the space points in the point cloud data.
[0109] In a possible implementation, the bird's-eye view determination unit is
configured to, for each of the space points, determine a horizontal axis coordinate value of
the space point as a horizontal axis coordinate value of a feature point corresponding to the
space point in the bird's-eye view, determine a longitudinal axis coordinate value of the
space point as a pixel channel value of the feature point corresponding to the space point
in the bird's-eye view, and determine a vertical axis coordinate value of the space point as
a longitudinal axis coordinate value of the feature point corresponding to the space point

in the bird's-eye view.
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[0110] In a possible implementation, the adjustment unit is configured to extract first
feature data corresponding to the bird's-eye view; for each object under detection, select
second feature data corresponding to the object under detection from the first feature data
corresponding to the bird's-eye view based on the three-dimensional spatial information of
the object under detection and first preset size information, and determine the adjusted
three-dimensional spatial information of the object under detection based on the second
feature data corresponding to the object under detection.

[0111] In a possible implementation, the structured polygon construction unit is
configured to for each of the one or more objects under detection, determine attribute
information of the structured polygon corresponding to the object under detection based
on the two-dimensional image, where the attribute information includes at least one of:
vertex information, surface information, or contour line information; and construct the
structured polygon corresponding to the object under detection based on the attribute
information of the structured polygon corresponding to the object under detection.

[0112] In a possible implementation, the structured polygon construction unit is
configured to, perform object detection on the two-dimensional image to obtain one or
more object areas in the two-dimensional image, where each of the one or more object
areas contains one of the objects under detection; for each of the one or more objects
under detection, based on the object area corresponding to the object under detection and
second preset size information, cut a target image corresponding to the object under
detection from the two-dimensional image, where the second preset size information
represents a size greater than or equal to a size of the object area of each of the one or
more objects under detection; and perform feature extraction on the target image
corresponding to the object under detection, to obtain the attribute information of the

structured polygon corresponding to the object under detection.
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[0113] In a possible implementation, the structured polygon construction unit is
configured to extract feature data of the target image through a convolutional neural
network; process the feature data through at least one stacked hourglass network to obtain
a set of heat maps of the object under detection corresponding to the target image, where
the set of heat maps includes a plurality of heat maps, and each of the heat maps includes
one vertex of a plurality of vertices of the structured polygon corresponding to the object
under detection; and determine the attribute information of the structured polygon
corresponding to the object under detection based on the set of heat maps corresponding to
the object under detection.

[0114] In a possible implementation, the structured polygon construction unit is
configured to perform feature extraction on the two-dimensional image to obtain
information of a plurality of target elements in the two-dimensional image, the plurality of
target elements include at least one of vertices, surfaces, or contour lines; cluster the target
elements based on the information of the plurality of target elements to obtain at least one
set of clustered target elements; and for each set of target elements, form a structured
polygon according to target elements in the set of target elements, and take information of
the target elements in the set of target elements as the attribute information of the
structured polygon.

[0115] In a possible implementation, the depth information determination unit is
configured to, for each object under detection, determine a ratio between a height of the
object under detection and a height of each vertical side in the structured polygon; and
determine a product of the ratio corresponding to each vertical side with a focal length of a
camera device which captured the two-dimensional image as depth information of a vertex

corresponding to the vertical side.
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[0116] In a possible implementation, the depth information determination unit is
configured to determine the height of each object under detection in the two-dimensional
image based on the two-dimensional image and a pre-trained neural network for height
detection; or, collect in advance real height values of the object under detection in a
plurality of different attitudes, and take an average value of the plurality of real height
values collected as the height of the object under detection; or obtain a regression variable
of the object under detection based on the two-dimensional image and a pre-trained neural
network for object detection, and determine the height of the object under detection based
on the regression variable and an average height of the object under detection in a plurality
of different attitudes obtained in advance. The regression variable represents a degree of
deviation between the height of the object under detection and the average height.

[0117] In some embodiments, the functions or units contained in the apparatus provided
in the embodiments of the present disclosure can be used to execute the methods described
in the above method embodiments. For specific implementation, reference can be made to
the description of the above method embodiments, which will not be elaborated herein for
brevity.

[0118] The embodiments of the present disclosure also provide an electronic device.
Referring to FIG. 12, which is a schematic structural diagram of an electronic device
according to an embodiment of the present disclosure, the electronic device includes a
processor 1201, a memory 1202, and a bus 1203. Here, the memory 1202 is used to store
execution instructions, and includes an internal memory 12021 and an external memory
12022. The internal memory 12021 is also called internal storage, and is used to
temporarily store calculation data in the processor 1201 and data exchanged with an
external memory 12022 such as a hard disk. The processor 1201 exchanges data with the

external memory 12022 through the internal memory 12021. When the electronic device
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1200 is running, the processor 1201 and the memory 1202 communicate through the bus
1203, so that the processor 1201 executes the following instructions: acquiring a
two-dimensional image; constructing at least one structured polygon respectively
corresponding to at least one object under detection in the two-dimensional image based
on the acquired two-dimensional image, wherein for each object under detection, a
structured polygon corresponding to the object under detection represents a projection of a
three-dimensional bounding box corresponding to the object under detection in the
two-dimensional image; for each object under detection, calculating depth information of
vertices in the structured polygon based on height information of the object under
detection and height information of vertical sides of the structured polygon corresponding
to the object under detection; and based on the calculated depth information of the vertices
in the structured polygon and two-dimensional coordinate information of the vertices of
the structured polygon in the two-dimensional image, determine three-dimensional spatial
information of the object under detection, wherein the three-dimensional spatial
information of the object under detection is related to the three-dimensional bounding box
corresponding to the object under detection.

[0119] In addition, the embodiments of the present disclosure also provide a
computer-readable storage medium with a computer program stored on the
computer-readable storage medium, and the computer program executes the steps of the
detection method described in the above method embodiments when the computer
program is run by a processor.

[0120] The computer program product of the detection method provided by the
embodiments of the present disclosure includes a computer-readable storage medium

storing program code. Instructions included in the program code can be used to execute
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the steps of the detection method described in the above method embodiments. Reference
can be made to the above method embodiments, which will not be repeated here.

[0121] Those skilled in the art can clearly understand that, for the convenience and
conciseness of the description, the specific working process of the system and apparatus
described above can refer to the corresponding process in the foregoing method
embodiments, which will not be repeated here. In the several embodiments provided in the
present disclosure, it should be understood that the disclosed system, apparatus, and
method can be implemented in other ways. The apparatus embodiments described above
are merely illustrative. For example, the division of the units is only a logical function
division, and there can be other divisions in actual implementation. For example, a
plurality of units or components can be combined or can be integrated into another system,
or some features can be ignored or not implemented. In addition, the displayed or
discussed mutual coupling or direct coupling or communication connection can be indirect
coupling or communication connection through some communication interfaces,
apparatuses or units, and can be in electrical, mechanical or other forms.

[0122] The units described as separate components can or cannot be physically
separated, and the components displayed as units can or cannot be physical units, that is,
they can be located in one place, or they can be distributed on a plurality of network units.
Some or all of the units can be selected according to actual requirements to achieve the
objectives of the solutions of the embodiments.

[0123] In addition, the functional units in the various embodiments of the present
disclosure can be integrated into one processing unit, or each unit can exist alone
physically, or two or more units can be integrated into one unit.

[0124] If the function is implemented in the form of a software functional unit and sold

or used as an independent product, it can be stored in a non-volatile computer readable
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storage medium executable by a processor. Based on this understanding, the technical
solution of the present disclosure essentially or with the part that contributes to the prior
art or the part of the technical solution can be embodied in the form of a software product,
and the computer software product is stored in a storage medium, including some
instructions that are used to make a computer device (which can be a personal computer, a
server, or a network device, or the like) to execute all or part of the steps of the methods
described in the various embodiments of the present disclosure. The aforementioned
storage media include: USB flash disk, mobile hard disk, Read-Only Memory (ROM),
Random Access Memory (RAM), magnetic disk or optical disk and other media that can
store program code.

[0125] The above are only specific implementations of the present disclosure, but the
protection scope of the present disclosure is not limited thereto. Any person skilled in the
art can easily think of changes or substitutions within the technical scope disclosed in the
present disclosure, and they shall be covered within the protection scope of this disclosure.
Therefore, the protection scope of the present disclosure should be subject to the

protection scope of the claims.
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CLAIMS
1. A detection method comprising:
acquiring a two-dimensional image;
constructing, for each of one or more objects under detection in the two-dimensional
image, a structured polygon corresponding to the object under detection based on the
acquired two-dimensional image, wherein for each of the one or more objects under
detection, a structured polygon corresponding to the object under detection represents
projection of a three-dimensional bounding box corresponding to the object under
detection in the two-dimensional image;
for each of the one or more objects under detection,
calculating depth information of vertices in the structured polygon based on
height information of the object under detection and height information of vertical sides of
the structured polygon corresponding to the object under detection; and
determining three-dimensional spatial information of the object under detection
based on the depth information of the vertices in the structured polygon and
two-dimensional coordinate information of the vertices of the structured polygon in the
two-dimensional image, wherein the three-dimensional spatial information of the object
under detection is related to the three-dimensional bounding box corresponding to the

object under detection.

2. The detection method according to claim 1, wherein after determining the
three-dimensional spatial information of the object under detection, the detection method
further comprises:

generating a bird's-eye view corresponding to the two-dimensional image based on the

two-dimensional image and a depth map corresponding to the two-dimensional image; and

41



obtaining adjusted three-dimensional spatial information of the object under detection
by adjusting the three-dimensional spatial information of each of the one or more objects

under detection based on the bird's-eye view.

3. The detection method according to claim 2, wherein generating the bird's-eye view
corresponding to the two-dimensional image based on the two-dimensional image and the
depth map corresponding to the two-dimensional image comprises:

obtaining point cloud data corresponding to the two-dimensional image based on
the two-dimensional image and the depth map corresponding to the two-dimensional
image, wherein the point cloud data comprises three-dimensional coordinate values of a
plurality of space points in a real space corresponding to the two-dimensional image; and

generating the bird’s-eye view corresponding to the two-dimensional image
based on the three-dimensional coordinate values of each of the space points in the point

cloud data.

4. The detection method according to claim 3, wherein generating the bird’s-eye view
corresponding to the two-dimensional image based on the three-dimensional coordinate
values of each of the space points in the point cloud data comprises:

for each of the space points:

determining a horizontal axis coordinate value of the space point as a
horizontal axis coordinate value of a feature point corresponding to the space point in the
bird's-eye view;

determining a longitudinal axis coordinate value of the space point as a
pixel channel value of the feature point corresponding to the space point in the bird's-eye

view; and
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determining a vertical axis coordinate value of the space point as a
longitudinal axis coordinate value of the feature point corresponding to the space point in

the bird's-eye view.

5. The detection method according to claim 2, wherein obtaining the adjusted
three-dimensional spatial information of the object under detection by adjusting the
three-dimensional spatial information of each of the one or more objects under detection
based on the bird's-eye view comprises:

extracting first feature data corresponding to the bird's-eye view;

selecting second feature data corresponding to the object under detection from
the first feature data corresponding to the bird's-eye view based on the three-dimensional
spatial information of the object under detection and first preset size information; and

determining the adjusted three-dimensional spatial information of the object
under detection based on the second feature data corresponding to the object under

detection.

6. The detection method according to claim 1, wherein constructing, for each of the
one or more objects under detection in the two-dimensional image, the structured polygon
corresponding to the object under detection based on the acquired two-dimensional image
comprises:

for each of the one or more objects under detection,

determining attribute information of the structured polygon corresponding to the
object under detection based on the two-dimensional image, wherein the attribute
information comprises at least one of: vertex information, surface information, or contour

line information; and

43



constructing the structured polygon corresponding to the object under detection
based on the attribute information of the structured polygon corresponding to the object

under detection.

7. The detection method according to claim 6, wherein determining the attribute
information of the structured polygon corresponding to each of the one or more objects
under detection based on the two-dimensional image comprises:

obtaining one or more object areas in the two-dimensional image by performing
object detection on the two-dimensional image, wherein each of the one or more object
areas contains one of the objects under detection;

for each of the one or more objects under detection,

cutting a target image corresponding to the object under detection from the
two-dimensional image based on the object area corresponding to the object under
detection and second preset size information, wherein the second preset size information
represents a size greater than or equal to a size of the object area of each of the one or
more objects under detection; and

obtaining the attribute information of the structured polygon corresponding to
the object under detection by performing feature extraction on the target image

corresponding to the object under detection.

8. The detection method according to claim 7, wherein when the attribute information
comprises the vertex information, the feature extraction on the target image corresponding
to the object under detection, to obtain the attribute information of the structured polygon
corresponding to the object under detection is performed by steps of:

extracting feature data of the target image through a convolutional neural network;
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obtaining a set of heat maps of the object under detection corresponding to the target
image by processing the feature data through one or more stacked hourglass networks,
wherein the set of heat maps comprises a plurality of heat maps, and each of the heat maps
comprises one vertex of a plurality of vertices of the structured polygon corresponding to
the object under detection; and

determining the attribute information of the structured polygon corresponding to the

object under detection based on the set of heat maps of the object under detection.

9. The detection method according to claim 6, wherein determining the attribute
information of the structured polygon corresponding to the object under detection based
on the two-dimensional image comprises:

obtaining information of a plurality of target elements in the two-dimensional image
by performing feature extraction on the two-dimensional image, the target elements
comprise at least one of vertices, surfaces, or contour lines;

obtaining one or more sets of clustered target elements by clustering the target
elements based on the information of the plurality of target elements;

for each set of target elements:

forming a structured polygon according to target elements in the set of target
elements, and
taking information of the target elements in the set of target elements as the

attribute information of the structured polygon.

10. The detection method according to claim 1, wherein calculating the depth

information of vertices in the structured polygon based on the height information of the
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object under detection and the height information of vertical sides of the structured
polygon corresponding to the object under detection comprises:

determining a ratio between a height of the object under detection and a height of each
vertical side in the structured polygon; and

determining a product of the ratio corresponding to each vertical side with a focal
length of a camera device which captured the two-dimensional image as depth information

of a vertex corresponding to the vertical side.

11. The detection method according to claim 1, wherein a height of the object under
detection is determined by:

determining the height of the object under detection based on the two-dimensional
image and a pre-trained neural network for height detection; or,

collecting in advance real height values of the object under detection in a plurality of
different attitudes, and taking an average value of the plurality of real height values
collected as the height of the object under detection; or,

obtaining a regression variable of the object under detection based on the
two-dimensional image and a pre-trained neural network for object detection; and
determining the height of the object under detection based on the regression variable and
an average height of the object under detection in a plurality of different attitudes obtained
in advance, wherein the regression variable represents a degree of deviation between the

height of the object under detection and the average height.

12. A detection apparatus comprising:

an image acquisition unit configured to acquire a two-dimensional image;
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a structured polygon construction unit configured to construct, for each of one or more
objects under detection in the two-dimensional image, a structured polygon corresponding
to the object under detection based on the acquired two-dimensional image, wherein for
each of the one or more objects under detection, a structured polygon corresponding to the
object under detection represents projection of a three-dimensional bounding box
corresponding to the object under detection in the two-dimensional image;

a depth information determination unit configured to, for each of the one or more
objects under detection, calculate depth information of vertices in the structured polygon
based on height information of the object under detection and height information of
vertical sides of the structured polygon corresponding to the object under detection; and

a three-dimensional spatial information determination unit configured to determine
three-dimensional spatial information of the object under detection based on the depth
information of the vertices in the structured polygon and two-dimensional coordinate
information of the vertices of the structured polygon in the two-dimensional image,
wherein the three-dimensional spatial information of the object under detection is related

to the three-dimensional bounding box corresponding to the object under detection.

13. An electronic device, comprising:

a processor;

a memory for storing machine-readable instructions executable by the processor; and

a bus, wherein when the electronic device is running, the processor and the memory
communicate with each other via the bus;

when the machine-readable instructions are executed by the processor, the steps of the

detection method according to any one of claims 1 to 11 are performed.
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14. A computer-readable storage medium, wherein a computer program is stored on
the computer-readable storage medium, and when the computer program is run by a
processor, the steps of the detection method according to any one of claims 1 to 11 are

performed.
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