OBJECT THREE-DIMENSIONAL DETECTION METHOD AND
APPARATUS, INTELLIGENT DRIVING CONTROL

METHOD AND APPARATUS, MEDIUM AND DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to Chinese Patent Application No.
CN201810891535.0, filed with the Chinese Patent Office on August 07, 2018 and
entitled "OBJECT THREE-DIMENSIONAL DETECTION METHOD AND
APPARATUS, INTELLIGENT DRIVING CONTROL METHOD AND
APPARATUS, MEDIUM AND DEVICE", which is hereby incorporated by

reference in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates to the field of computer vision technology, and
particularly to, a three-dimensional (3D) object detection method, a 3D object
detection device, a method for controlling smart driving, a device for controlling
smart driving, an electronic apparatus, a computer-readable storage medium and

computer programs.

BACKGROUND

[0003] 3D detection of an object is usually used for predicting a 3D spatial parameter
of a body, such as its spatial position, its movement direction and its 3D size. For

example, in the automatic driving technology, the 3D detection of other vehicles
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on a road needs to be performed to obtain 3D rectangular solids and travel
directions of the vehicles, positional relationships between the vehicles and a
shooting device and the like. Obtaining an accurate 3D detection result of the

object facilitates improvement of safety in the automatic driving.

SUMMARY

[0004] Technical solutions of 3D object detection and smart driving control are

provided in the embodiments of the disclosure.

[0005] An aspect according to the embodiments of the disclosure provides a 3D object
detection method, the method including: obtaining 2D coordinates of at least one
key point of a target object in an image to be processed; constructing a pseudo 3D
detection body of the target object according to the 2D coordinates of the at least
one key point; obtaining depth information of the key points; and determining a
3D detection body of the target object according to the depth information of the

key points and the pseudo 3D detection body.

[0006] Another aspect according to the embodiments of the disclosure provides a
method for controlling smart driving, the method including: determining a 3D
detection body of a target object using any method in the embodiments of the
disclosure by taking, as an image to be processed, a video frame included in a video
acquired by a shooting device provided on a vehicle; generating a control
instruction for the vehicle according to information of the 3D detection body; and

transmitting the control instruction to the vehicle.

[0007] Yet another aspect according to the embodiments of the disclosure provides a
3D object detection device, the device including: a 2D coordinates acquisition
module, configured to obtain 2D coordinates of at least one key point of a target
object in an image to be processed; a 3D detection body construction module,
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configured to construct a pseudo 3D detection body of the target object according
to the 2D coordinates of the at least one key point; a depth information acquisition
module, configured to obtain depth information of the key points; and a 3D
detection body determination module, configured to determine a 3D detection
body of the target object according to the depth information of the key points and

the pseudo 3D detection body.

[0008] Yet another aspect according to the embodiments of the disclosure provides a
device for controlling smart driving, the device including: the 3D object detection
device mentioned in any of the above embodiments of the disclosure, configured
to determine a 3D detection body of a target object by taking, as an image to be
processed, a video frame included in a video acquired by a shooting device
provided on a vehicle; an instruction generation module, configured to generate a
control instruction for the vehicle according to information of the 3D detection
body; and an instruction transmission module, configured to transmit the control

instruction to the vehicle.

[0009] Yet another aspect according to the embodiments of the disclosure provides an
electronic device, the electronic device including: a memory configured to store a
computer program; and a processor configured to execute the computer program
stored in the memory, herein when the computer program is executed, the
processor is caused to implement the method in any of the above embodiments of

the disclosure.

[0010] Yet another aspect according to the embodiments of the disclosure provides a
computer-readable storage medium having stored thereon a computer program that,
when executed by a processor, causes the method in any of the above embodiments

of the disclosure to be implemented.

[0011] Yet another aspect according to the embodiments of the disclosure provides a

computer program including computer instructions. When running in a processor



of a device, the computer instructions implement the method in any of the above

embodiments of the disclosure.

[0012] Based on the 3D object detection method, the 3D object detection device, the
method for controlling the smart driving, the device for controlling the smart
driving, the computer-readable storage medium and the computer program, a
pseudo 3D detection body of a target object is constructed in a 2D plane using 2D
coordinates of at least one key point of the target object. Since an accuracy in
detecting the key points of target object can be guaranteed, in the embodiments of
the disclosure, depth information of the key points and the pseudo 3D detection
body can make a size of a 3D detection body of the target object approximate to
the target object's actual size. Therefore, it is conducive to improve the accuracy
of the 3D object detection with relatively computing resources being consumed,
thereby facilitating the improvement of safety in the automatic driving with a low

implementation cost.

[0013] The technical solutions of the present disclosure are described in detail below,

with reference to the accompanying drawings and embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings constituting a part of the specification describe
the embodiments of the present disclosure and are intended to explain the

principles of the present disclosure together with the descriptions.

[0015] According to the following detailed descriptions, the present disclosure can be

understood more clearly with reference to the accompanying drawings.

[0016] FIG. 1 is a flowchart of a 3D object detection method according to an

embodiment of the disclosure.



[0017] FIG. 2 is a schematic diagram of key points in a target object in an image to

be processed according to an embodiment of the disclosure.

[0018] FIG. 3 is a schematic diagram of a pseudo 3D detection body according to an

embodiment of the disclosure.

[0019] FIG. 4 is a flowchart of a method for controlling smart driving according to an

embodiment of the disclosure.

[0020] FIG. 5 is a schematic structural diagram of a 3D object detection device

according to an embodiment of the disclosure.

[0021] FIG. 6 is a schematic structural diagram of a device for controlling smart

driving according to an embodiment of the disclosure.

[0022] FIG. 7 is a block diagram of an exemplary device for implementing an

embodiment of the disclosure.

DETAILED DESCRIPTION

[0023] Various exemplary embodiments of the present disclosure are now described
in detail with reference to the accompanying drawings. It should be noted that,
unless otherwise stated specifically, relative arrangement of the components and
operations, the numerical expressions, and the values set forth in the embodiments

are not intended to limit the scope of the present disclosure.

[0024] It should also be understood that in the embodiments of the disclosure, "a
plurality of" may mean "two or more" and "at least one" may mean "one, two or

more".

[0025] Those skilled in the art may understand terms including "first" and "second"
in the embodiments of the disclosure are merely used to make different operations,

different devices, different modules or the like distinguished from each other and
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the terms neither have any specific technical meaning nor represent that they are

in a necessary logical order.

[0026] It should also be understood that the number of parts, data or structures
mentioned in the embodiments of disclosure is equal to or greater than one unless

definite limitation is imposed, or opposite enlightenment is given in the context.

[0027] It should also be understood that description of each embodiment puts
emphasis on differences among the embodiments while same things or similarities
shared by the embodiments can be referred to and will not be elaborated for the

sake of brevity.

[0028] Furthermore, it should be understood that, for ease of description, the size of

each part shown in the accompanying drawings is not drawn in actual proportion.

[0029] The following descriptions of at least one exemplary embodiment are merely
illustrative actually, and are not intended to limit the present disclosure and the

applications or uses thereof.

[0030] Technologies, methods and devices known to people of ordinary skills in the
related art may not be discussed in detail, but such technologies, methods and

devices should be considered as a part of the specification in appropriate situations.

[0031] It should be noted that similar reference numerals and letters in the following
accompanying drawings represent similar items. Therefore, once an item is defined
in an accompanying drawing, the item does not need to be further discussed in the

subsequent accompanying drawings.

[0032] In addition, the term "and / or" in the disclosure is only a kind of association
relationship describing related objects, which means that there can be three kinds
of relationships, for example, A and / or B can mean: A exists alone, both A and B
exist, and B exists alone. In addition, the character "/" in the disclosure generally

indicates that the related objects before and after the character have an "or"
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relationship.

[0033] The embodiments of the present disclosure may be applied to an electronic
apparatus such as a terminal device, a computer system and a server, which may
operate with numerous other general-purpose or special-purpose computing
system environments or configurations. Examples of well-known terminal devices,
computing systems, environments, and/or configurations suitable for use together
with the electronic apparatus such as the terminal device, the computer system and
the server include but are not limited to: personal computer systems, server
computer systems, thin clients, thick clients, handheld or laptop devices,
microprocessor-based systems, set top boxes, programmable consumer electronics,
network personal computers, small computer systems, large computer systems,
distributed cloud computing environments that include any one of the foregoing

systems, and the like.

[0034] The electronic apparatus such as the terminal device, the computer system and
the server may be described in the general context of computer system executable
instructions (for example, program modules) executed by the computer system.
Generally, the program modules may include routines, programs, target programs,
components, logics, data structures, and the like, to perform specific tasks or
implement specific abstract data types. The computer system and the server may
be practiced in the distributed cloud computing environments in which tasks are
performed by remote processing devices that are linked through a communications
network. In the distributed computing environments, the program modules may be
located in local or remote computing system storage media including storage

devices.

[0035] FIG. 1 is a flowchart illustrating a 3D object detection method according to an
embodiment of the disclosure. As illustrated in FIG. 1, the method according to the

embodiment includes operations S100, S110 and S120.



[0036] In operation S100, 2D coordinates of at least one key point of a target object

in an image to be processed are obtained.

[0037] In an optional example, the image to be processed according to the
embodiment of the disclosure may be an image such as a stationary picture or a
stationary photo or a video frame in a dynamic-looking video. For example, the
image to be processed may be a video frame of a video captured by a shooting
device arranged on a moving body, or a video frame of a video captured by a
shooting device arranged at a fixed position. The above moving body may be a
vehicle, a robot, a mechanical arm or the like. The above fixed position may be a
tabletop, a wall or the like. Forms that the moving body and the fixed position take

are not limited in the embodiments of the disclosure.

[0038] In one optional example, the image to be processed according to the
embodiment of the disclosure may be an image captured by a common high-
definition shooting device. Radar range devices, depth camera devices or the like,
which introduce a phenomenon such as a high implementation cost, can be avoided

in the present disclosure.

[0039] In one optional example, the target object according to the embodiment of the
disclosure at least includes four faces: a front face, a rear face, a left face and a
right face. For example, the target object in the embodiments of the disclosure may
be a motor vehicle (especially an automobile such as an oil-fuelled automobile, an
electric automobile, and an unmanned automobile), a non-motor vehicle (such as
a bicycle and a man-powered tricycle), a pedestrian, an animal, a building, a plant,
an obstacle, a dangerous article, a traffic sign, an article or the like. Since the target
object may take multiple forms, the forms are not limited in the embodiments of
the disclosure. In conclusion, the 3D object detection method in the embodiments

of the disclosure can be widely used.

[0040] In one optional example, the key points according to the embodiment of the



disclosure are ones with a semantic meaning. The key points are usually ones on
an outer contour of the target object. When the target object is a vehicle, the key
points with the semantic meaning in the embodiments of the disclosure may
include: a key point in a front left corner of the vehicle (which is designated by 1
in the FIG. 2 and is called "lower front left" for short), a key point in a front left
corner on a roof of the vehicle (which is designated by 2 in the FIG. 2 and is called
"upper front left" for short), a key point in a rear left corner on the roof of the
vehicle (which is designated by 3 in the FIG. 2 and is called "upper rear left" for
short), a key point in a rear left corner of the vehicle (which is designated by 4 in
the FIG. 2 and is called "lower rear left" for short), a key point at a bottom of a rear
left wheel (which is designated by 5 in the FIG. 2 and is called "rear left wheel"
for short), a key point at a bottom of a front left wheel (which is designated by 6
in the FIG. 2 and is called "front left wheel" for short) , a key point in a front right
corner of the vehicle (which is designated by 7 in the FIG. 2 and is called "lower
front right" for short), a key point in a front right corner on the roof of the vehicle
(which is designated by 8 in the FIG. 2 and is called "upper front right" for short),
a key point in a rear right corner on the roof of the vehicle (which is bilaterally
symmetrical with 3 in FIG. 2 and is called "upper rear right" for short), a key point
in a rear right corner of the vehicle (which is bilaterally symmetrical with 4 in FIG.
2 and is called "lower rear right" for short), a key point at a bottom of a rear right
wheel (which is bilaterally symmetrical with 5 in FIG. 2 and is called "rear right
wheel" for short),a key point at a bottom of a front right wheel (which is bilaterally
symmetrical with 6 in FIG. 2 and is called "front right wheel" for short). In other
words, the semantics of the key points may represent positions of the key points in
the vehicle. In addition, the vehicle in the embodiments of the disclosure may also
include more key points. The number of the key points of the target object and the
semantics that the key points show are not limited in the embodiments of the

disclosure.

[0041] In one optional example, any key point according to the embodiment of the
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disclosure usually corresponds to one or two or three faces of the pseudo 3D
detection body (such as a 3D rectangular solid). Likewise, the key point in the
embodiment of the disclosure usually corresponds to one or more faces of the 3D
detection body. In other words, there is a correspondence relationship between the
key points and the faces of the pseudo 3D detection body and there is also a
correspondence relationship between the key points and the faces of the 3D
detection body. As illustrated in FIG. 2, the "lower front left", the "upper front left",
the "lower front right" and the "upper front right" correspond to a front face of the
pseudo 3D detection body and a front face of the 3D detection body, that is to say,
the four key points, i.e., the "lower front left", the "upper front left", the "lower
front right" and the "upper front right", can be seen from a position in the front of
the vehicle; the "lower front left", the "upper front left", the "lower rear left", the
"upper rear left", the "front left wheel" and the "rear left wheel" correspond to a
left face of the pseudo 3D detection body and a left face of the 3D detection body,
that is to say, the six key points, i.e., the "lower front left", the "upper front left",
the "lower rear left", the "upper rear left", the "front left wheel", and the "rear left
wheel", can be seen from a position on the left of the vehicle; the "lower rear left",
the "upper rear left", the "lower rear right", and the "upper rear right" correspond
to a rear face of the pseudo 3D detection body and a rear face of the 3D detection
body, that is to say, the four key points, i.e., the "lower rear left", the "upper rear
left", the "lower rear right", and the "upper rear right", can be seen from a position
behind the vehicle; the "lower front right", the "upper front right", the "lower rear
right", the "upper rear right", the "front right wheel", and the "rear right wheel"
correspond to a right face of the pseudo 3D detection body and a right face of the
3D detection body, that is to say, the six key points, i.e., the "lower front right", the
"upper front right", the "lower rear right", the "upper rear right", the "front right
wheel", the "rear right wheel", can be seen from a position on the right of the
vehicle; the "lower front left", the "upper front left", the "lower front right", the
"upper front right" the "lower rear left", the "upper rear left", the "lower rear right",

the "upper rear right" correspond to a top face of the pseudo 3D detection body and
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a top face of the 3D detection body, that is to say, the eight key points, i.e., the
"lower front left", the "upper front left", the "lower front right", the "upper front
right" the "lower rear left", the "upper rear left", the "lower rear right", the "upper
rear right", can be seen from a position above the vehicle; the "lower front left",
the "lower front right", the "lower rear left", the "lower rear right", the "front left
wheel", the "front right wheel", the "rear left wheel" and the "rear right wheel"
correspond to a bottom face of the pseudo 3D detection body and a bottom face of
3D detection body, that is to say, the eight key points, i.e., the "lower front left",
the "lower front right", the "lower rear left", the "lower rear right", the "front left
wheel", the "front right wheel", the "rear left wheel" and the "rear right wheel",
can be seen from a position behind the vehicle. In addition, it should be particularly
noted that, the correspondence relationship between the key points and the top and
bottom faces of the pseudo 3D detection body and of the 3D detection body may

not be set in the present disclosure.

[0042] In an optional example, before the above operation S100 is performed, target
object detection may be performed on the image to be processed to obtain a 2D
target bounding box including the target object. Accordingly, in operation S100,
the 2D coordinates of the at least one key point of the target object are obtained
based on an image part of the image to be processed corresponding to the 2D target

bounding box.

[0043] In an optional example, an existing neural network according to the
embodiment of the disclosure may be adopted to obtain the 2D coordinates of the
at least one key point of the target object in the image to be processed. For example,
the image to be processed that includes the target object (such as a vehicle) is
inputted into the neural network, then the neural network performs key point
detection (such as detection of vehicle’s key points) processing on the image to be
processed, it is thus possible to obtain the 2D coordinates of each key point of the
target object in the image to be processed according to information outputted by

the neural network. For another example, firstly, target object detection processing
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is performed on the image to be processed to obtain a position of a 2D target
bounding box including the target object, and then segmentation processing may
be performed on the image to be processed according to the position of the 2D
target bounding box to obtain an image block of the target object (i.e., an image
block including the target object such as a vehicle image block that is an image
block including a vehicle); and the image block of the target object is inputted into
the neural network, and then the neural network performs key point detection (such
as the detection of a vehicle’s key points) processing on the image block of the
target object, it is thus possible to obtain 2D coordinates of each key point of the
target object (such as a vehicle) in the image block of the target object (such as the
vehicle image block) according to information outputted by the neural network.
Furthermore, the 2D coordinates of the each key point of the target object in the
image block of the target object can be converted to the 2D coordinates of the each
key point of the target object in the image to be processed. An implementation of
obtaining the 2D coordinates of the at least one key point of the target object
through the neural network is not limited in the embodiments of the disclosure. In
addition, after the 2D target bounding box (a bounding box including the target
object) is successfully obtained, other operations in the 3D object detection method
continue to be performed in the embodiment of the disclosure; otherwise, these
operations may not be performed in the embodiment of the disclosure, thus it is

conducive to saving computing resources.

[0044] In one optional example, the neural network according to the embodiment of
the disclosure may include but is not limited to: a convolutional layer, a rectified
linear unit (Relu) layer, a pooling layer, a fully connected layer and the like. The
neural network becomes deeper as a number of the layers included in the neural
network increases. In the embodiment of the disclosure, the neural network may
adopt a stack hourglass neural network frame structure, or may also adopt a neural
network frame structure based on an active shape model (ASM), a neural network
frame structure based on an active appearance model (AAM) or a neural network
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frame structure based on a cascaded shape regression algorithm. A structure of the

neural network is not limited in the embodiments of the disclosure.

[0045] In an optional example, a processor may execute corresponding instructions
stored in a memory to perform the operation S100. Alternatively, the operation
S100 may also be performed by a 2D coordinates acquisition module 500 run by

the processor.

[0046] In operation S110, a pseudo 3D detection body of the target object is

constructed according to the 2D coordinates of the at least one key point.

[0047] In an optional example, the pseudo 3D detection body of the target object
according to the embodiment of the disclosure is usually: a rectangular solid that
can include the target object in a 2D plane. In other words, a rectangular solid may
be formed by drawing on the 2D plane. The rectangular solid is not a real one in a
3D space but looks like a rectangular solid from a perspective of a plane. As a
result, the rectangular solid is called a pseudo 3D detection body in the
embodiment of the disclosure. Although the pseudo 3D detection body is not a real
rectangular solid in the 3D space, its length, width and height can still reflect the
target object's length, width and height. Usually, the pseudo 3D detection body's
length, width and height may be regarded as the length, the width and the height
of the target object in the pseudo 3D detection body. In other words, the pseudo
3D detection body may be regarded as a circumscribed rectangular solid of the
target object on the 2D plane. In addition, the pseudo 3D detection body in the

embodiment of the disclosure includes a pseudo 3D cube.

[0048] In an optional example, firstly, all the key points of the currently obtained
target object are screened to obtain one or more key points that meet a prediction
accuracy requirement (such as the key points with a credibility greater than a preset
credibility threshold), and then the pseudo 3D detection body of the target object

is constructed on the 2D plane according to the 2D coordinates of the selected key
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points that meet the prediction accuracy requirement. The key points with low
prediction accuracies are avoided to be used in the construction of the pseudo 3D
detection body of the target object in the embodiment of disclosure, thus the
technical scheme according to the embodiment is conducive to making the pseudo

3D rectangular solid constructed more accurately.

[0049] In an optional example, firstly at least one possible plane of the target object
is constructed according to first predetermined belonging relationships between
the key points and planes included by the target object as well as the 2D coordinates
of the at least one key point, and then the pseudo 3D detection body of the target
object is constructed according to the constructed possible planes. In the
embodiment of the disclosure, the possible planes may be an optimal plane, or an

optimal plane and a suboptimal plane.

[0050] When the possible planes in the embodiment of the disclosure include an
optimal plane, in an optional example, an optimal plane is determined from among
the at least one constructed possible plane according to a predetermined rule for
plane quality determination and then the pseudo 3D detection body of the target

object is constructed according to the optimal plane.

[0051] When the possible planes in the embodiment of the disclosure are an optimal
plane and a suboptimal plane, in an optional example, an optimal plane and a
suboptimal plane are determined from among the at least one constructed possible
plane according to the predetermined rule for plane quality determination and then
the pseudo 3D detection body of the target object are constructed according to the

optimal plane and the suboptimal plane.

[0052] In an optional example, firstly the optimal plane of the target object in the
image to be processed is determined and constructed on the 2D plane, and then a
normal vector of the optimal plane is determined to form the pseudo 3D detection

body based on extensions of at least one key point of the optimal plane along a
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direction of the normal vector; by doing so, the pseudo 3D detection body is

constructed quickly and accurately.

[0053] In an optional example, the target object may include multiple key points.
Accordingly, a manner of determining the optimal plane of the target object in the
image to be processed may be: firstly, a quality of each of planes corresponding to
the respective key points meeting the prediction accuracy requirement is
determined, that is to say, the quality of each plane is rated according to the key
points meeting the prediction accuracy requirement; then a plane whose quality
rates highest is determined as the optimal plane of the target object. Accordingly,
in the embodiment, the pseudo 3D detection body of the target object may be

constructed according to the 2D coordinates of the selected key points.

[0054] In an optional example, a manner of rating the qualities of the planes may be:
a number of the key points that meet the prediction accuracy requirement and
correspond to each plane is calculated and determined as a rated quality score of
the plane. As a result, the greater the number of the key points that meet the
prediction accuracy requirement and correspond to one plane is, the higher the
rated quality score of the plane is. For example, in FIG. 2, if all of the key point 1,
the key point 2, the key point 3, the key point 4, the key point 5, the key point 6,
the key point 7 and the key point 8 are assumed to meet the prediction accuracy
requirement; as the key point 1, the key point 2, the key point 3, the key point 4,
the key point 5 and the key point 6 correspond to the left face of the vehicle,
whereas the key point 1, the key point 2, the key point 7 and the key point 8
correspond to the front face of the vehicle. Thus, the left face of the vehicle has a

highest rated quality score, and is thus the optimal plane.

[0055] In an optional example, the manner of rating the qualities of the planes may
also be: a sum of prediction accuracies of the key points that meet the prediction
accuracy requirement and correspond to each plane is calculated so that at least
one plane corresponds to a prediction accuracy score. In the embodiment of the
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disclosure, the prediction accuracy score of a plane may be determined as the rated
quality score of the plane. As a result, the higher a prediction accuracy score

corresponding to a plane is, the higher the rated quality score of the plane is.

[0056] In an optional example, the manner of rating the qualities of the planes may
also be: the number of the key points that meet the requirement of the prediction
accuracy and correspond to each plane as well as a sum of the prediction accuracies
of the key points are calculated, thus each plane corresponds to a number of the
key points and a prediction accuracy score; in the embodiment of the disclosure,
the prediction accuracy score corresponding to each plane divided by the number
of the key points corresponding to the plane is calculated. That is to say, an average
prediction accuracy score of each plane is calculated and determined as the rated
quality score of the plane. As a result, the greater the average prediction accuracy

score corresponding to a plane is, the higher the rated quality score of the plane is.

[0057] Three manners of rating the qualities of the planes are listed above. Other
manners may be adopted to determine the qualities of the planes in the embodiment
of the disclosure. How the qualities of the planes are rated is not limited in the

embodiments of the disclosure.

[0058] In an optional example, the optimal plane according to the embodiment of the
disclosure may be constructed on the 2D plane in multiple manners. For example,
a perpendicular line (i.e., a vertical line passing through a key point) is made on
the 2D plane using the key point on the optimal plane. One edge on the optimal
plane is located on the perpendicular line. An intersection point between the
perpendicular line and one edge on one of other planes is a vertex of the optimal
plane. For another example, a line is made on the 2D plane by connecting two key
points on the optimal plane. The connecting line or the connecting line together
with its extension line can be one edge on the optimal plane. In other words, the
two key points can be two vertices on the optimal plane, or an intersection point
between the extension line of the line connecting the two key points and one edge
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on one of the other planes is a vertex of the optimal plane. For another example, a
parallel line, which is a line parallel to another edge on the optimal plane, is made
using a key point on the optimal plane. That is to say, the line passing through the
key point on the optimal plane is made to be parallel to another edge on the optimal
plane. One edge on the optimal plane is located on the parallel line. An intersection
point between the parallel line and the above perpendicular line or an intersection
point between the parallel line and one edge on one of other planes is a vertex of
the optimal plane. Implementation manners of constructing the optimal plane on

the 2D space are not limited in the embodiments of the disclosure.

[0059] In an optional example, the normal vector of the optimal plane according to
the embodiment of the disclosure may be determined in multiple manners. In a
first example, firstly the suboptimal plane of the pseudo 3D detection body is
determined and then a line perpendicular to the optimal plane is made using a key
point on the suboptimal plane so that the perpendicular line may be determined as
the normal vector of the optimal plane. In a second example, the key points
corresponding to the optimal plane are removed from all the key points meeting
the prediction accuracy requirement; a key point with a greatest prediction
accuracy is selected from among the remaining key points; a perpendicular line is
made from the key point to the optimal plane and is determined as the normal
vector of the optimal plane. In a third example, if there are two key points which
are included in a plane adjacent to the optimal plane and a line connecting the two
key points is located on an edge which is on the adjacent plane and perpendicular
to the optimal plane, a difference between coordinates of the two key points on
the 2D plane can be determined as the normal vector of the optimal plane. For
example, in FIG. 2, if it is assumed that a left face of the vehicle is the optimal

plane, the front face of the vehicle is the suboptimal plane, the coordinates of the

key point 7 on the 2D plane are (u7 , V7) , and the coordinates of the key point 1

on the 2D plane are (ul,vl) , (u7 —Uu,V, —V,) may be determined as the

17



normal vector of the optimal plane in the embodiment of the disclosure. Only three
examples are listed above but the normal vector of the optimal plane may be
obtained in other manners in the embodiment of the disclosure. The
implementation manners of obtaining the normal vector of the optimal plane are

not limited in the embodiments of the disclosure.

[0060] In an optional example, a process of determining the suboptimal plane
according to the embodiment of the disclosure may be: firstly planes adjacent to
the optimal plane are determined and then in terms of the key points except for the
ones included by the optimal plane, a number of key points included in each of the
planes adjacent to the optimal plane is calculated. In the embodiment of the
disclosure, a plane including most key points may be determined as the suboptimal
plane, so that an improper selection of the suboptimal plane may be avoided. For
example, in FIG. 2, since an error occurs in the detection of the key points, not
only the key point 1, the key point 2, the key point 3, the key point 4, the key point
5, the key point 6, the key point 7 and the key point 8 are obtained, but also a key
point 10 is obtained. If it is assumed that the key point 1, the key point 2, the key
point 3, the key point 4, the key point 5, the key point 6, the key point 7, the key
point 8 and the key point 10 all meet the prediction accuracy requirement and the
key point 10 has a greater prediction accuracy, it is apparent that the key point 10
is mistakenly detected during key point detection. In the embodiment of the
disclosure, the suboptimal plane is determined in the above manner, so that making
a perpendicular line from the key point 10 to the optimal plane to obtain the normal

vector of the optimal plane may be avoided.

[0061] In an optional example, after the optimal plane and its normal vector are
determined, the vertices on the optimal plane can be extended along the direction
of the normal vector of the optimal plane so that the extension may intersect with
edges on other planes and finally cause the pseudo 3D detection body to be formed.
For example, in FIG. 2, a first perpendicular line passing through the key point 1

and a second perpendicular line passing through the key point 4 are formed; then
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a first line, which passes through the key point 6 and the key point 5
simultaneously and intersects with the first perpendicular line and the second
perpendicular line respectively, is formed; and finally a second line, which passes
through the key point 2 or the key point 3 to be parallel to the first line and intersect
with the two perpendicular lines respectively, is formed. As a result, four lines and

four vertices of the optimal plane are formed; and the normal vector of the optimal
plane is (u7 —U;,v, —vl) . The normal vector is also a bottom edge of the

suboptimal plane. In the embodiment of the disclosure, a third perpendicular line
passing through the key point 7 can be formed and a third line, which passes
through the key point 7 and is parallel to the first line or the second line, is made.
A top edge of the suboptimal plane is formed by extending a vertex in an upper
left corner of the optimal plane along the direction of the normal vector to intersect
with the third perpendicular line. A line, which connects the key point 8 and an
intersection point between the extension of the above vertex and the third
perpendicular line, intersects with a line formed by extension of a vertex in an
upper right corner of the optimal plane along the direction of normal vector, at a
point which a fourth perpendicular line is made to pass through. The fourth
perpendicular line passing through the point will intersect with a line formed by
extension of a vertex in a lower right corner of the optimal plane along the
direction of the normal vector. Therefore, the pseudo 3D detection body is formed
on the 2D space. In the embodiment of the disclosure, an example of the pseudo
3D detection body formed for the target object in the image to be processed is
illustrated in FIG. 3. In the embodiment of the disclosure, after the optimal plane
and its normal vector are determined, the pseudo 3D detection body may be
formed in multiple manners. Implementation processes of forming the pseudo 3D

detection body are not limited in the embodiments of the disclosure.

[0062] In an optional example, a processor may call corresponding instructions stored
in a memory to perform the operation S110 that may also be performed by a 3D

detection body construction module 510 run by the processor.
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[0063] In operation S120, depth information of the key points is obtained.

[0064] In an optional example, firstly, a depth diagram of the image to be processed
is obtained using a manner such as a monocular manner and a binocular manner;
and then depth values of the key points are read from the depth diagram using the
2D coordinates of the at least one key point. In the embodiment of the disclosure,
the depth values of the key points can also be directly obtained using a matrix H,
that is to say, the depth values of key points (a unit of the depth values may be
"meter") are obtained from a product of the 2D coordinates of the at least one key
point and the matrix H. Furthermore, when the shooting device is a depth-based
shooting device, the depth values of the key points can be directly obtained. An
implementation process of obtaining the depth values of the key points is not

limited in the embodiments of the present disclosure.

[0065] In an optional example, the processor may call corresponding instructions
stored in the memory to perform the operation S120 that may also be performed

by a depth information acquisition module 520 run by the processor.

[0066] In operation S130, a 3D detection body of the target object is determined
according to the depth information of the key points and the pseudo 3D detection
body.

[0067] In an optional example, the processor may call corresponding instructions
stored in the memory to perform the operation S130 that may also be performed

by a 3D detection body determination module 530 run by the processor.

[0068] In an optional example, firstly an initial 3D detection body (such as an initial
3D rectangular solid) is constructed in the 3D space according to the 2D
coordinates and the depth information of the key points, then at least the pseudo
3D detection body is determined as a constraint condition of the 3D detection body
and correction processing is performed on the initial 3D detection body so that the
3D detection body (such as a 3D rectangular solid) of the target object is obtained.
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[0069] In an optional example, the 2D coordinates of the at least one key point are
firstly converted into 3D coordinates in the 3D space according to the depth
information of the key points and then the initial 3D detection body of the target
object is constructed according to the 3D coordinates of the at least one key point
that are obtained as a result of the conversion. In the embodiment of the disclosure,
the 2D coordinates of the at least one key point may be selectively converted into
the 3D coordinates in the 3D space. For example, only the 2D coordinates of the
at least one key point meeting the prediction accuracy requirement are converted
into the 3D coordinates in 3D space. Certainly, in the embodiment of the disclosure,
the 2D coordinates of all key points may also be converted into the 3D coordinates
in the 3D space but only the 3D coordinates of the at least one key point meeting
the prediction accuracy requirement are used in the construction of the initial 3D
detection body of the target object. The 3D space in the embodiment of the
disclosure is usually one in a real world such as a 3D space based on a 3D

coordinate system of a shooting device.

[0070] In an optional example, the 2D coordinates of the at least one key point may

be converted to the 3D coordinates in the 3D space in multiple manners.

[0071] For example, the above-obtained depth value of each key point is converted
into a distance in the 3D space that may be regarded as a distance between the key
point and the shooting device; then the 3D coordinates of each key point are

calculated using a formula (1) below.
r T
[0072] PX[X,Y,Z] =wx[u,v,1] formula (1).

[0073] In the above formula (1), P represent a parameter of the shooting device;
X . Yand Zrepresent the 3D coordinates of the key point, which are also 3D
coordinates of the key point in the 3D space of the real world; Z can be

substituted in the above-obtained depth value of the key point; # and vV

21



represent the 2D coordinates of the key point, which are the 2D coordinates of the
key point in a coordinate system in the image to be processed; and W represents

a scaling factor.

[0074] If P isshown as a 3x3 matrix below:

a
[0075] 31 ,

[0076] the above formula (1) can be expressed in a form of a formula (2) below:

a XX +a,xY+a,xZ = wxu
a, xX+a,,xY+a,,xZ = wxvy

ay XX +a, XY +a,xZ =w

[0077] formula (2).

[0078] After variables X . Yand W are solved by substituting the 2D coordinates
of multiple key points into the above formula (2), the 3D coordinates (X,Y,Z)

of the key point are obtained.

[0079] In an optional example, firstly, the optimal plane of the target object in the 3D
space may be determined and constructed on the 2D plane, then the normal vector
of the optimal plane is determined and finally the initial 3D detection body (such
as a 3D rectangular solid) is formed based on extensions of the key points of the

optimal plane along a direction of the normal vector.

[0080] In an optional example, a manner of determining the optimal plane of the target
object in the 3D space according to the embodiment of the disclosure may be:
firstly, a quality of each of planes corresponding to the respective key points
meeting the prediction accuracy requirement is determined, that is to say, the
quality of each plane is rated based on the key points meeting the prediction

accuracy requirement; then a plane whose quality rates highest is determined as
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the optimal plane of the target object. The manners of rating the qualities of the
planes may include the ones listed in the above operation S110, which will not be

repeated herein.

[0081] In an optional example, the optimal plane may be constructed in the 3D plane
in multiple manners according to the embodiment of the disclosure. For example,
a perpendicular line (i.e., a vertical line (in a direction y) passing through a key
point) is made in the 3D plane using the key point on the optimal plane. One edge
on the optimal plane is located on the perpendicular line. An intersection point
between the perpendicular line and one edge on one of other planes is a vertex of
the optimal plane. For another example, a line is made in the 3D space by
connecting two key points on the optimal plane. The connecting line or the
connecting line together with its extension line can be one edge on the optimal
plane. In other words, the two key points can be two vertices on the optimal plane,
or an intersection point between the extension line of the line connecting the two
key points and one edge on one of the other planes is a vertex of the optimal plane.
For another example, a parallel line, which is a line parallel to another edge on the
optimal plane, is made using a key point on the optimal plane. That is to say, the
line passing through the key point on the optimal plane is made to be parallel to
another edge on the optimal plane. One edge on the optimal plane is located on the
parallel line. An intersection point between the parallel line and the above
perpendicular line or an intersection point between the parallel line and one edge
on one of other planes is a vertex of the optimal plane. Implementation manners of
constructing the optimal plane in the 3D space are not limited in the embodiments

of the disclosure.

[0082] In an optional example the normal vector of the optimal plane may be
determined in multiple manners according to the embodiment of the disclosure.
In a first example, firstly a suboptimal plane of the 3D detection body is
determined and then a line perpendicular to the optimal plane is made using a key

point on the suboptimal plane so that the perpendicular line may be determined as
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the normal vector of the optimal plane. In a second example, the key points
corresponding to the optimal plane are removed from all the key points meeting
the prediction accuracy requirement; a key point with a greatest prediction
accuracy is selected from among the remaining key points; a perpendicular line is
made from the key point to the optimal plane and is determined as the normal
vector of the optimal plane. In a third example, if there are two key points which
are included in a plane adjacent to the optimal plane and a line connecting the two
key points is located on an edge which is on the adjacent plane and perpendicular
to the optimal plane, a difference between coordinates of the two key points in the
3D space can be determined as the normal vector of the optimal plane. For
example, in FIG. 2, if it is assumed that a left face of the vehicle is the optimal

plane, the front face of the vehicle is the suboptimal plane, the coordinates of the

key point 7 in the 3D space are (X 75 Y7,Z7) , and the coordinates of the key
point 1 in the 3D plane is (X,,Y,,Z)), (X, -X,Y,-Y,Z,—Z,) may

be determined as the normal vector of the optimal plane in the embodiment of the
disclosure. Only three examples are listed above but the normal vector of the
optimal plane may be obtained in other manners in the embodiment of the
disclosure. The implementation manner of obtaining the normal vector of the

optimal plane is not limited in the embodiments of the disclosure.

[0083] In an optional example, after the optimal plane and its normal vector are
determined, the vertices on the optimal plane can be extended along the direction
of the normal vector of the optimal plane so that the extension may intersect with
edges on other planes and finally cause the initial 3D detection body to be formed.
For example, in FIG. 2, a first perpendicular line passing through the key point 1
and a second perpendicular line passing through the key point 4 are formed; then
a first line, which passes through the key point 6 and the key point 5
simultaneously and intersects with the first perpendicular line and the second

perpendicular line respectively, is formed; and finally a second line, which passes
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through the key point 2 or the key point 3 to be parallel to the first line and intersect
with the two perpendicular lines respectively, is formed. As a result, four lines and

four vertices of the optimal plane are formed; and the normal vector of the optimal
plane is (X7 -X,Y,-Y,Z, - Zl) . The normal vector is also a bottom edge

of the suboptimal plane. In the embodiment of the disclosure, a third perpendicular
line passing through the key point 7 can be formed and a third line, which passes
through the key point 7 and is parallel to the first line or the second line, is made.
A top edge of the suboptimal plane is formed by extending a vertex in an upper
left corner of the optimal plane along the direction of the normal vector to intersect
with the third perpendicular line. A line, which connects the key point 8 and an
intersection point between the extension of the above vertex and the third
perpendicular line, intersects with a line formed by extension of a vertex in an
upper right corner of the optimal plane along the direction of normal vector, at a
point which a fourth perpendicular line is made to pass through. The fourth
perpendicular line passing through the point will intersect with a line formed by
extension of a vertex in a lower right corner of the optimal plane along the
direction of the normal vector. Therefore, the 3D detection body is formed on the
2D space. In the embodiment of the disclosure, after the optimal plane and its
normal vector are determined, the initial 3D detection body may be formed in
multiple manners. Implementation processes of forming the initial 3D detection

body are not limited in the embodiments of the disclosure.

[0084] As a basic computer vision task such as road segmentation and semantic
segmentation is not needed in the above manner, the initial 3D detection body can
be quickly constructed for the target object, which involves lower consumption of
the computing resources and a lower implementation cost. In addition, in
embodiment of the disclosure, since the initial 3D detection body is constructed
based on the key points of the target object and a process of constructing the initial
3D detection is not relevant to factors such as whether the target object is on the

ground, a phenomenon, such as inability to implement 3D object detection due to
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that the target object is in application scenarios other than the ground, can be
avoided efficiently in the embodiment of the disclosure, thus it is conducive to

broadening the application scope of the 3D object detection.

[0085] In an optional example, the operation that the initial 3D detection body is
corrected according to the pseudo 3D detection body to form the 3D detection body
of the target object may include: the initial 3D detection body in the 3D space is
adjusted according to the pseudo 3D detection body in the 2D plane to enlarge an
overlap area between a region of the adjusted 3D detection body projected on the

2D plane and the pseudo 3D detection body.

[0086] In an optional example, each vertex of the initial 3D detection body can be
projected on the 2D plane so that a graph of the initial 3D detection body on the
2D plane is obtained. In the embodiment of the disclosure, an overlap area between
the graphic region projected on the 2D plane and the pseudo 3D detection body in
the 2D plane may be changed by adjusting the initial 3D detection body in the 3D
space. For example, the overlap area can be made as large as possible. For another
example, an intersection over union between the graphic region projected on the
2D plane and the pseudo 3D detection body in the 2D plane is made as large as

possible.

[0087] In an optional example, a manner of changing the overlap area according to
the embodiment of the disclosure includes: a position of the 3D detection body in
the 3D space is adjusted to make the overlap area between the pseudo 3D detection
body and the graphic region of the initial 3D detection body projected on the 2D
plane maximal. For example, the graphic region of the initial 3D detection body
projected on the 2D plane is made to completely cover the pseudo 3D detection
body; for another example, the pseudo 3D detection body is made to completely

cover the graphic region of the initial 3D detection body projected on the 2D plane.

[0088] In an optional example, a manner of changing the overlap area according to
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the embodiment of the disclosure can also include: a size of the initial 3D detection
body in the 3D space is adjusted so that the graphic region of the initial 3D
detection body projected on the 2D plane is as consistent with a graphic region of
the pseudo 3D detection body as possible. For example, when the initial 3D
detection body is projected on the 2D space, if a ratio of a length value/a width
value/a height value of the resulting projection graph to the length value/the width
value/the height value of the pseudo 3D detection body does not meet a preset ratio
(for example, the preset ratio is between 0.9 and 1.1), the length value/the width
value/the height value of the initial 3D detection in the 3D space can be adjusted
in the embodiment of the disclosure so that the adjusted ratio of the length value/the
width value/the height value of the projection graph of the 3D detection body
projected on the 2D space to the length value/the width value/the height value of
pseudo 3D detection body meets the preset ratio, or the projection graph and the

pseudo 3D detection body have the same length value/width value/height value.

[0089] Since the key points of the target object in the image to be processed can be
detected with a relatively high accuracy and detection is relatively fast, the pseudo
3D detection body can be constructed with a higher accuracy and quickly on the
2D plane using the key points of the target object. In the embodiment of the
disclosure, the initial 3D detection body in the 3D space is corrected using the
pseudo 3D detection body, thus it is conducive to improving accuracy in

constructing the 3D detection body in the 3D space for the target object.

[0090] In an optional example, a length-to-width-to-height ratio preset for the target
object can also be determined as a constraint condition of the initial 3D detection
body, so that the initial 3D detection body can be corrected in the 3D space
according to the constraint condition. For example, in the case that the target object
is a vehicle, a length-to-width-to-height ratio of the vehicle can be preset as 2:1:1
in the embodiment of the disclosure so that when the length-to-width-to-height
ratio of the initial 3D detection body is not in a certain range around 2:1:1, the

length, the width and height of the initial 3D detection body can be adjusted to
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keep the adjusted length-to-width-to-height ratio of the 3D detection body within

the range.

[0091] In an optional example, a bounding box of the target object in the image to be
processed can also be determined as a constraint condition of the initial 3D
detection body, so that the initial 3D detection body can be corrected in the 3D
space according to the constraint condition. For example, in the embodiment of the
disclosure, in the case that the target object is a vehicle, a bounding box of the
vehicle (which can also be called a circumscribed frame of the vehicle) can be
determined as a constraint condition of the initial 3D detection body to adjust a
whole position and/or the length, the width and the height of the initial 3D
detection body, so that the projection graph of the 3D detection body projected on
the 2D space can completely be included in the bounding box. Since the bounding
box of the target object is usually accurate, using the bounding box as a constraint
condition to correct the initial 3D detection body is conducive to improving the

accuracy of the 3D object detection.

[0092] In an optional example, when the image to be processed is one of multiple
images to be processed which are temporally correlated (such as a video frame in
a video), smoothing processing can be performed on the adjusted 3D detection
body. The smoothing processing can includes at least one of: smoothing processing
on a length, a width and a height of the 3D detection body, smoothing processing
on a motion direction of the 3D detection body, smoothing processing on a central
point of a bird's eye view of the 3D detection body. In addition, in the embodiment
of the disclosure, the smoothing processing may be also performed on eight
vertices of the 3D detection body. In the embodiment of the disclosure, the
smoothing processing performed on the 3D detection body is conducive to
improving the accuracy of 3D object detection and avoiding a phenomenon that
the target object shakes violently in two adjacent video frames, thereby facilitating

the improvement of safety in the automatic driving.
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[0093] In the embodiment of the disclosure, in a process of implementing the smooth
processing, parameters, such as a length, a width, a height, a motion direction of a
3D detection body of a target object in a current image to be processed, and a
central point of the bird's eye view of the target object in the current image to be
processed, are predicted using multiple to-be-processed historic images (such as 5
or 6 or 7 historic video frames) that are prior to the current to-be-processed image
and using a corresponding fitting function. In the embodiment of the disclosure,
the smoothing processing may also be performed on the eight vertices of the 3D
detection body of the target object. In the embodiment of the disclosure, the fitting
function may be a quadratic function, a cubic exponential function, a logarithmic
function or the like. An expression form of the fitting function adopted in a

balancing processing procedure is not limited in the embodiments of the disclosure.

[0094] An example of a quadratic function as a fitting function, is shown in a formula

(3) below:
0095] x = f(t)=at’ +bt+c formula (3).

[0096] In the above formula (3), X represents a value of the historic video frames

used in optimal fitting. If the fitting is performed using 5 historic video frames,
X = (xl,xz,x3,x4,x5) , t represents times corresponding to the historic
video frames. If the fitting is performed using 5 historic video frames,
= (tl,l‘z,l‘3,t 4,t5) , a. band c represent coefficients of the quadratic

functions.

[0097] In the embodiment of the disclosure, @ . b and ¢ inthe formula (3) can be

obtained firstly using the multiple historic video frames and then a prediction

result pred of the current video frame is obtained using the formula (3).

[0098] In the embodiment of the disclosure, parameters such as a length, a width, a

height, a motion direction, or a central point of a bird's eye view of a 3D detection
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body of a target object in the current video frame are adjusted accordingly using a
weighting manner to implement the corresponding smoothing processing. For
example, in the embodiment of the disclosure, the parameters such as the length,
the width, the height, the motion direction, the central point of the bird's eye view
of the 3D detection body of the target object in the current video frame can be

adjusted accordingly using a formula (4) below.
[0099] x, = * pred + B*x, formula (4).

[0100] In formula (4), @ represents a weight corresponding to the prediction result,

pred represents the prediction result, S represents a weight corresponding to a
3D object detection result of the current video frame, X, represents the 3D

object detection result of the current video frame, and X represents a 3D object

detection result of the current video frame subjected to the smoothing processing.

[0101] The value of the weight can be determined according to an actual requirement.
For example, when there is a slight difference (for example, the difference is no

greater than a preset value) between the prediction result and the 3D object
detection result of the current video frame, it can be set that «¢=0.5 and S=0.5;

for another example, when there is a bigger difference (for example, the difference

reaches the preset value) between the prediction result and the 3D object detection

result of the current video frame, it can be set that ¢=0.8 and S=0.2 or

a=0.7 and B=0.3. A specific value of the weight is not limited in the

disclosure.

[0102] In an optional example, the 3D coordinates of the at least one key point of the
target object may also be used to obtain 3D space parameters of the finally obtained
3D detection body. For example, the parameters include one or more of: a motion

direction of the 3D detection body, a positional relationship between the 3D
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detection body and a shooting device capturing the image to be processed, or a size
of'the 3D detection body. The acquisition of the 3D space parameters may be used
in control of the target object such as generation of a corresponding control

instruction based on the obtained 3D space parameters.

[0103] A method for controlling smart driving is also provided in an embodiment of
the disclosure and includes following operations: a 3D detection body of a target
object is determined using the 3D object detection method in any of the above
embodiments of the disclosure by taking, as an image to be processed, a video
frame included in a video acquired by a shooting device provided on a vehicle; a
control instruction for the vehicle is generated according to information of the 3D

detection body; and the control instruction is transmitted to the vehicle.

[0104] FIG. 4 is a flowchart of a method for controlling smart driving according to an
embodiment of the disclosure. The method for controlling smart driving in the
embodiment of the disclosure can be applied to an automatic driving environment
(such as automatic driving which is not assisted by humans) or an assisted driving
environment. Environments where the method for controlling the smart driving is

applied are not limited in the embodiments of the disclosure.

[0105] As illustrated in FIG.4, the method for controlling the smart driving includes

operations S400 to S450.

[0106] In operation S400, 2D coordinates of at least one key point of a target object
in an image to be processed acquired by a shooting device provided on a vehicle
are obtained. Description of operation S100 in FIG. 1 in the above method
embodiments can be referred to for the implementation of operation, which will

not be elaborated herein.

[0107] In an optional example, a processor may call corresponding instructions stored
in a memory to perform the operation S400 that may also be performed by a 2D
coordinates acquisition module 500 run by the processor.
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[0108] In operation S410, a pseudo 3D detection body of the target object is
constructed according to the 2D coordinates of the at least one key point.
Description of operation S110 in FIG. 1 in the above method embodiments can be

referred to for the implementation of operation, which will not be elaborated herein.

[0109] In an optional example, the processor may call the corresponding instructions
stored in the memory to perform the operation S410 that may also be performed

by a 3D detection body construction module 510 run by the processor.

[0110] In operation S420, depth information of the key points is obtained. Description
of operation S120 in FIG. 1 in the above method embodiments can be referred to

for the implementation of operation, which will not be elaborated herein.

[0111] In an optional example, the processor may call the corresponding instructions
stored in the memory to perform the operation S420 that may also be performed

by a depth information acquisition module 520 run by the processor.

[0112] In operation S430, a 3D detection body of the target object is determined
according to the depth information of the key points and the pseudo 3D detection
body. Description of operation S130 in FIG. 1 in the above method embodiments
can be referred to for the implementation of operation, which will not be elaborated

herein.

[0113] In an optional example, the processor may call the corresponding instructions
stored in the memory to perform the operation S430 that may also be performed

by a 3D detection body determination module 530 run by the processor.

[0114] In operation S440, a control instruction for the vehicle is generated according

to information of the 3D detection body.

[0115] In an optional, the information of the 3D detection body includes one or more
of: a motion direction of the 3D detection body, a positional relationship between

the 3D detection body and the shooting device, or a size of the 3D detection body.
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The content included in the information of the 3D detection body includes is not

limited in the embodiments of the disclosure.

[0116] In an optional example, the control instruction for the vehicle that is generated
according to the information of the 3D detection body may include one or more of:
a braking instruction, a decelerating driving instruction, an instruction for turning
left, an instruction for turning right, an instruction for keep driving at a current
speed, a honking instruction, or an accelerating driving instruction. The forms that
the control instruction for the vehicle takes are not limited in the embodiments of

the disclosure.

[0117] In an optional example, the processor may call the corresponding instructions
stored in the memory to perform the operation S440 that may also be performed

by an instruction generation module 610 run by the processor.

[0118] In operation S450, the control instruction for the vehicle is transmitted to the

vehicle.

[0119] In an optional example, the processor may call the corresponding instructions
stored in the memory to perform the operation S450 that may also be performed

by an instruction transmission module 620 run by the processor.

[0120] It should be especially noted that besides a smart driving control field, the 3D
object detection technique in the embodiment of the disclosure may also be suited
to other fields such as object detection in industrial manufacturing, object detection
in indoor regions including supermarkets and object detection in security defense.
Scenarios to which the 3D object detection technique is suited are not limited in

the embodiments of the disclosure.

[0121] Any of the 3D object detection methods and the methods for controlling the
smart driving provided in the embodiment of the disclosure may be performed by

any device that has a certain data processing capability. The device includes but is

33



not limited to: a terminal device, a server and the like. Alternatively, any of the 3D
object detection methods and the methods for controlling smart driving provided
in the embodiment of the disclosure may be performed by a processor. For example,
the processor performs any of the 3D object detection methods and the methods
for controlling the smart driving described in the embodiments of the disclosure
by calling corresponding instructions stored in a memory. Details will not be given

below.

[0122] Those of ordinary skills in the art may understand: all or parts of the operations
that implement the above method embodiments may be performed by hardware
relevant to programs and instructions. The foregoing programs may be stored in a
computer-readable storage medium. When the programs are executed, the
operations including the above method embodiments are performed. The foregoing
storage medium includes various media capable of storing program codes such as
aRead-Only Memory (ROM), a Random Access Memory (RAM), a magnetic disk,

an optical disk and the like.

[0123] FIG. 5 is a schematic structural diagram of a 3D object detection device
according to an embodiment of the disclosure. As illustrated in FIG. 5, the device
in the embodiment includes: a 2D coordinates acquisition module 500, a 3D
detection body construction module 510, a depth information acquisition module
520 and a 3D detection body determination module 530. Optionally, the device
further includes: a key point selection module 540, a target bounding box
acquisition module 550, a smoothing processing module 560, a motion direction

acquisition module 570 and a positional relationship acquisition module 580.

[0124] The 2D coordinates acquisition module 500 is configured to obtain 2D
coordinates of at least one key point of a target object in an image to be processed.
In the embodiment of the disclosure, the image to be processed may be a video
frame of a video captured by a shooting device arranged on a moving body, or a
video frame of a video captured by a shooting device arranged at a fixed position.
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The target object in the embodiment of the disclosure may include one or more of:
a motor vehicle, a non-motor vehicle, a pedestrian, an animal, a building, a plant,

an obstacle, a dangerous article, a traffic sign, or an article.

[0125] In an optional example, before the 2D coordinates acquisition module 500
performs its operation, the target bounding box acquisition module 550 may
perform target object detection on the image to be processed to obtain a 2D target
bounding box including the target object. Thus, the 2D coordinates acquisition
module 500 may obtain the 2D coordinates of the at least one key point of the
target object based on an image part of the image to be processed corresponding to
the 2D target bounding box. In addition, in response to that the target bounding
box acquisition module 550 does not obtain the 2D target bounding box including
the target object successfully during the target object detection, the 3D object
detection device in the embodiment of the disclosure may not perform 3D detection
processing on the target object; for example, the 2D coordinates acquisition
module 500 does not perform an operation of obtaining the 2D target bounding

box.

[0126] The 3D detection body construction module 510 is configured to construct a
pseudo 3D detection body of the target object according to the 2D coordinates of

the at least one key point.

[0127] In an optional example, the 3D detection body construction module 510 may
include a first sub-module and a second sub-module. The first sub-module is
configured to construct at least one possible plane of the target object according to
first predetermined belonging relationships between the key points and planes
included by the target object as well as the 2D coordinates of the at least one key
point. The second sub-module is configured to construct the pseudo 3D detection

body of the target object according to the at least one possible plane.

[0128] In an optional example, the above second sub-module may include: a first unit
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and a second unit. The first unit is configured to determine an optimal plane from
among the at least one constructed possible plane according to a predetermined
rule for plane quality determination. The second unit is configured to construct the
pseudo 3D detection body of the target object according to the optimal plane. In
addition, the first unit may determine an optimal plane and a suboptimal plane from
among the at least one constructed possible plane according to the predetermined
rule for plane quality determination, and the second unit may construct the pseudo
3D detection body of the target object according to the optimal plane and the

suboptimal plane.

[0129] In an optional example, the second unit may firstly determine a normal vector
of the optimal plane and then form the pseudo 3D detection body according to an
extension of vertices in the optimal plane along a direction of the normal vector.
The second unit may determine the normal vector of the optimal plane in a
following manner: a perpendicular line that is made from a key point in the
suboptimal plane to the optimal plane is determined as the normal vector of the
optimal plane. The second unit in the embodiment of the disclosure may also
determine the normal vector of the optimal plane in a following manner: a
perpendicular line is determined as the normal vector of the optimal plane, herein
the perpendicular line is made from a key point with a greatest prediction accuracy,
among remaining ones of the key points other than one or more key points
corresponding to the optimal plane, to the optimal plane. The second unit in the
embodiment of the disclosure may also determine the normal vector of the optimal
plane in a following manner: a difference between coordinates of two key points
on an edge that is in a plane adjacent to the optimal plane and is perpendicular to

the optimal plane is determined as the normal vector of the optimal plane

[0130] In an optional example, when the at least one key point of the target object
includes multiple key points, before the 3D detection body construction module
510 performs the operation of constructing the pseudo 3D detection body, the key

point selection module 540 may be configured to select one or more key points
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that meet a prediction accuracy requirement from among the multiple key points
so that the 3D detection body construction module 510 may construct the pseudo
3D detection body of the target object according to the 2D coordinates of the at

least one key point selected by the key point selection module 540.

[0131] The depth information acquisition module 520 is configured to obtain depth

information of the key points.

[0132] The 3D detection body determination module 530 is configured to determine
a 3D detection body of the target object according to the depth information of the

key points and the pseudo 3D detection body.

[0133] In an optional example, the 3D detection body determination body module 530
may include: a third sub-module, a fourth sub-module and a fifth sub-module. The
third sub-module is configured to convert the 2D coordinates of the at least one
key point into 3D coordinates in a 3D space according to the depth information of
the key points. For example, the third sub-module may convert the 2D coordinates
of the at least one key point meeting the prediction accuracy requirement into the
3D coordinates in the 3D space. The fourth sub-module is configured to construct
an initial 3D detection body of the target object according to the 3D coordinates of
the at least one key point. The fifth sub-module is configured to correct the initial
3D detection body according to the pseudo 3D detection body to form the 3D
detection body of the target object. For example, the fifth sub-module adjusts the
initial 3D detection body in the 3D space according to the pseudo 3D detection
body in a 2D plane to enlarge an overlap area between a region of the adjusted 3D
detection body projected on the 2D plane and the pseudo 3D detection body. In
addition, the fifth sub-module may also correct the initial 3D detection body
according to a preset length-to-width-to-height ratio of the target object. The fifth
sub-module may also correct the initial 3D detection body according to a bounding
box of the target object in the image to be processed, so that the region of the
adjusted 3D detection body projected on the 2D plane is included in the bounding
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box.

[0134] In an optional example, the fourth sub-module may include: a third unit, a
fourth unit and a fifth unit. The third unit is configured to determine an optimal
plane of the target object according to planes respectively corresponding to the 3D
coordinates of the at least one key point and construct the optimal plane of the
target object in the 3D space. The fourth unit is configured to determine the normal
vector of the optimal plane. For example, the fourth unit determines a
perpendicular line that is made from a key point in the suboptimal plane to the
optimal plane as the normal vector of the optimal plane; for another example, the
fourth unit determines a perpendicular line as the normal vector of the optimal
plane, herein the perpendicular line is made from a key point with a greatest
prediction accuracy, among remaining ones of the key points other than one or
more key points corresponding to the optimal plane, to the optimal plane; for
another example, the fourth unit determines a difference between coordinates of
two key points on an edge that is in a plane adjacent to the optimal plane and is
perpendicular to the optimal plane as the normal vector of the optimal plane. The
fifth unit is configured to form the initial 3D detection body according to an

extension of vertices in the optimal plane along a direction of the normal vector.

[0135] The smoothing processing module 560 is configured to perform smoothing
processing on the 3D detection bodies of a same target object in multiple images
to be processed that are temporally correlated. The smoothing processing in the
embodiment of the disclosure may include one or more of: smoothing processing
on a length, a width and a height of the 3D detection body, smoothing processing
on a motion direction of the 3D detection body, smoothing processing on a central
point of a bird’s eye view of the 3D detection body, or smoothing processing on

vertices of the 3D detection body.

[0136] The motion direction acquisition module 570 is configured to obtain a motion
direction of the 3D detection body according to the 3D coordinates of the at least
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one key point of the target object.

[0137] The positional relationship acquisition module 580 is configured to obtain a
positional relationship between the target object and a shooting device capturing
the image to be processed according to the 3D coordinates of the at least one key

point of the target object.

[0138] The relevant description of the above method embodiments may be referred to
for the operations performed by the modules such as the 2D coordinates acquisition
module 500, the 3D detection body construction module 510, the depth
information acquisition module 520, the 3D detection body determination 530, the
key point selection module 540, the target bounding box acquisition module 550,
the smoothing processing module 560, the motion direction acquisition module
570 and the positional relationship acquisition module 580 in the embodiment of

the disclosure; details will not be repeated herein.

[0139] FIG. 6 is a schematic structural diagram of a device for controlling smart
driving according to an embodiment of the disclosure. The device in FIG. 6 mainly
includes: a 3D object detection device 600, an instruction generation module 610

and an instruction transmission module 620.

[0140] The instruction generation module 610 is configured to generate a control
instruction for the vehicle according to information of the 3D detection body

obtained by the 3D object detection device.

[0141] The instruction transmission module 620 is configured to transmit the control

instruction to the vehicle.

[0142] Description of any of the above embodiments for the 3D object detection
device may be referred to for the structure of the 3D object detection device 600
and the relevant description of the above method embodiments may be referred to

for the operations performed by the instruction generation module 610 and the
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instruction transmission module 620; details will not be repeated herein.

[0143] FIG. 7 illustrates an exemplary device 700 suitable for implementing the
embodiments of the present disclosure. The device 700 may be an electronic device
such as a control system/an electronic system configured in a vehicle, a mobile
terminal (for example, a smart mobile phone or the like), a Personal Computer (PC)
(for example, a desktop computer or a notebook computer or the like), a tablet
computer, a server or the like. In FIG. 7, the device 700 includes one or more
processors, a communication part, and the like. The one or more processors may
be one or more Central Processing Units (CPUs) 701 and/or one or more Graphic
Processing Units (GPUs) 713 that perform visual tracking using a neural network
and the like. The processors may perform various appropriate actions and
processing according to executable instructions stored in an ROM 702 or
executable instructions loaded from a storage section 708 to an RAM 703. The
communication part 712 may include but is not be limited to, a network card. The
network card may include, but is not be limited to, an Infiniband (IB) network card.
The processor may communicate with the ROM 702 and/or the RAM 703, to
execute executable instructions. The processor is connected to the communication
part 712 via a bus 704, and communicates with other target devices via the
communication part 712, thereby implementing operations of any 3D object
detection method provided in the embodiments of the disclosure. For example, 2D
coordinates of at least one key point of a target object in an image to be processed
are obtained; a pseudo 3D detection body of the target object are constructed
according to the 2D coordinates of the at least one key point; depth information of
the key points is obtained; and a 3D detection body of the target object is
determined according to the depth information of the key points and the pseudo
3D detection body. In addition, the processor may communicate with the ROM
702 and/or the RAM 703, to execute executable instructions. The processor is
connected to the communication part 712 via the bus 704, and communicates with
other target devices via the communication part 712, thereby implementing
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corresponding operations of any method for controlling smart driving provided in
the embodiments of the disclosure. For example, a 3D detection body of a target
object is determined using the 3D object detection method according to any
embodiment of the disclosure by taking, as an image to be processed, a video frame
included in a video acquired by a shooting device provided on a vehicle; a control
instruction for the vehicle is generated according to information of the 3D detection

body; and the control instruction is transmitted to the vehicle.

[0144] Related descriptions of the 3D object detection method or the method for
controlling the smart driving according to the above embodiments may be referred
to for the operations performed by each of the above instructions, which will not

be elaborated herein.

[0145] In addition, the RAM 703 further may store various programs and data
required for operations of an apparatus. The CPU 701, the ROM 702, and the RAM
703 are connected to each other via the bus 704. In the presence of the RAM 703,
the ROM 702 is an optional module. The RAM 703 stores executable instructions,
or writes the executable instructions into the ROM 702 when running. The
executable instructions cause the CPU 701 to execute operations of the above 3D
object detection method or the above method for controlling smart driving. An
input/output (I/O) interface 705 is also connected to the bus 704. The
communication part 712 may be configured integrally, and may also be configured
to have multiple sub-modules (for example, multiple IB network cards)

respectively connected to the bus.

[0146] The following components are connected to the I/O interface 705: an input
section 706 including a keyboard, a mouse, and the like; an output section 707
including a Cathode-Ray Tube (CRT), a Liquid Crystal Display (LCD), a speaker,
and the like; a storage section 708 including a hard disk and the like; and a
communication section 709 of a network interface card including an Locak Area
Network (LAN) card, a modem, and the like. The communication section 709
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performs communication processing via a network such as the Internet. A driver
710 is also connected to the I/O interface 705 according to requirements. A
removable medium 711 such as a magnetic disk, an optical disk, a magneto-optical
disk, a semiconductor memory is installed on the driver 710 according to
requirements, so that a computer program read from the removable medium is

installed on the storage section 708 according to requirements.

[0147] It should be particularly noted that, the architecture illustrated in FIG. 7 is
merely an optional implementation. During practice, the number and types of the
components in FIG. 7 may be selected, decreased, increased, or replaced according
to actual requirements. Different functional components may be configured
respectively or integrally or the like. For example, the GPU 713 and the CPU 701
may be configured respectively. For another example, the GPU 713 may be
integrated on the CPU 701, and the communication part may be configured
respectively, and may also be configured integrally on the CPU 701 or the GPU
713 or the like. These alternative embodiments all fall within the scope of

protection of the embodiments of the disclosure.

[0148] Particularly, according to the embodiments of the disclosure, the process
described below with reference to a flowchart may be implemented as a computer
software program. For example, the embodiments of the present disclosure include
a computer program product, which includes a computer program tangibly
included in a machine-readable medium. The computer program includes program
code for performing operations shown in the flowchart. The program code may
include instructions for correspondingly performing operations in the 3D object
detection method or the method for controlling smart driving provided by the
embodiments of the disclosure. The instructions, for example, may include an
instruction of obtaining 2D coordinates of at least one key point of a target object
in an image to be processed, an instruction of constructing a pseudo 3D detection
body of the target object according to the 2D coordinates of the at least one key

point, and an instruction of obtaining depth information of the key points, an
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instruction of determining a 3D detection body of the target object according to the
depth information of the key points and the pseudo 3D detection body.
Alternatively, the instructions may include an instruction determining a 3D
detection body of a target object using the 3D object detection method according
to any embodiment of the disclosure by taking, as an image to be processed, a
video frame included in a video acquired by a shooting device provided on a
vehicle, an instruction for generating a control instruction for the vehicle according
to information of the 3D detection body and an instruction of transmitting the

control instruction to the vehicle.

[0149] In such embodiments, the computer program may be downloaded and installed
from the network through the communication section 709, and/or may be installed
from the removable medium 711. The computer program, when being executed by
the CPU 701, executes the instructions of the above corresponding operations

described in the embodiments of the disclosure.

[0150] In one or more optional embodiments, a computer program product is also
provided in the embodiments of the disclosure and is used to store the computer-
readable instructions. When the instructions are executed, the 3D object detection
method or the method for controlling smart driving in any of the above

embodiments according are caused to be performed by the computer.

[0151] The computer program product may be implemented using software, hardware,
or a combination of the software and the hardware. In one optional example, the
computer program product is specifically embodied as a software product such as

a Software Development Kit (SDK).

[0152] In one or more optional embodiments, another 3D object detection method, the
method for controlling smart driving, the corresponding device, electronic
apparatuses, a computer storage medium, a computer program and a computer

program product are provided in the embodiments of the disclosure. The method
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can include following operations: a first device transmits a 3D object detection
instruction or an instruction for controlling smart driving to a second device, herein
the instruction enables the second device to perform the 3D object detection
method or the method for controlling smart driving in any of above possible
embodiments; and the first device receives a result of the 3D object detection or a

result of controlling smart driving from the second device.

[0153] In some embodiments, the 3D object detection instruction or the instruction
for controlling smart driving can be a specific invocation instruction. The first
device can instruct the second device to perform a 3D object detection operation
or an operation for controlling smart driving in a manner of invocation.
Accordingly, in response to reception of the invocation instruction, the second
device can perform operations and/or processes in any embodiment in the above

3D object detection method or the method for controlling smart driving.

[0154] The embodiments in the specification are all described in a progressive manner,
for same or similar parts in the embodiments, refer to these embodiments, and each
embodiment focuses on a difference from other embodiments. The system
embodiments correspond to the method embodiments substantially and therefore
are only described briefly, and for the associated part, refer to the descriptions of

the method embodiments.

[0155] The methods, the devices, the electronic apparatuses and the computer-
readable medium in the disclosure may be implemented in many manners. For
example, the methods, the devices, the electronic apparatuses and the computer-
readable media in the disclosure may be implemented with software, hardware,
firmware, or any combination of software, hardware, and firmware. The foregoing
sequence of the operations of the method is merely for description, and unless
otherwise stated particularly, is not intended to limit the operations of the method
in the disclosure. Furthermore, in some embodiments, the disclosure is also
implemented as programs recorded in a recording medium. The programs include
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machine-readable instructions for implementing the methods according to the
disclosure. Therefore, the present disclosure further covers the recording medium

storing the programs for performing the methods according to the disclosure.

[0156] The descriptions of the disclosure are provided for the purpose of examples
and description, and are not intended to be exhaustive or limit the disclosure to the
disclosed form. Many modifications and changes are obvious to a person of
ordinary skill in the art. The implementations are selected and described to better
describe a principle and an actual application of the disclosure, and to make a
person of ordinary skill in the art understand the embodiments of the disclosure,
so as to design various implementations with various modifications applicable to

particular use.
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CLAIMS

1. A three-dimensional (3D) object detection method, comprising:

obtaining two-dimensional (2D) coordinates of at least one key point of a
target object in an image to be processed;

constructing a pseudo 3D detection body of the target object according to the
2D coordinates of the at least one key point;

obtaining depth information of the at least one key point; and

determining a 3D detection body of the target object according to the depth

information of the at least one key point and the pseudo 3D detection body.

2. The method of claim 1, wherein the image to be processed comprises: a
video frame of a video captured by a shooting device arranged on a moving body,
or a video frame of a video captured by a shooting device arranged at a fixed

position.

3. The method of any one of claims 1 to 2, wherein the target object comprises
one or more of: a motor vehicle, a non-motor vehicle, a pedestrian, an animal, a

building, a plant, an obstacle, a dangerous article, a traffic sign, or an article.

4. The method of any one of claims 1 to 3, wherein constructing the pseudo
3D detection body of the target object according to the 2D coordinates of the at
least one key point comprises:

constructing at least one possible plane of the target object according to first
predetermined belonging relationships between the at least one key point and
planes included by the target object and according to the 2D coordinates of the at
least one key point; and

constructing the pseudo 3D detection body of the target object according to

46



the at least one possible plane.

5. The method of claim 4, wherein constructing the pseudo 3D detection body
of the target object according to the at least one possible plane comprises:

determining an optimal plane from among the at least one constructed
possible plane according to a predetermined rule for plane quality determination;
and

constructing the pseudo 3D detection body of the target object according to

the optimal plane.

6. The method of claim 5, wherein determining the optimal plane from among
the at least one constructed possible plane according to the predetermined rule for
plane quality determination comprises:

determining the optimal plane and a suboptimal plane from among the at least
one constructed possible plane according to the predetermined rule for plane
quality determination,

wherein constructing the pseudo 3D detection body of the target object
according to the optimal plane comprises:

constructing the pseudo 3D detection body of the target object according to

the optimal plane and the suboptimal plane.

7. The method of any one of claims 1 to 6, wherein the at least one key point
of the target object includes multiple key points,

wherein the method further comprises: before constructing the pseudo 3D
detection body of the target object according to the 2D coordinates of the at least
one key point,

selecting one or more key points that meet a prediction accuracy requirement
from among the multiple key points; and

wherein constructing the pseudo 3D detection body of the target object
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according to the 2D coordinates of the at least one key point comprises:
constructing the pseudo 3D detection body of the target object according to

the 2D coordinates of selected key points.

8. The method of any one of claims 1 to 7, further comprising: before
obtaining the 2D coordinates of the at least one key point of the target object in the
image to be processed,

performing target object detection on the image to be processed to obtain a
2D target bounding box including the target object,

wherein obtaining the 2D coordinates of the at least one key point of the target
object in the image to be processed comprises:

obtaining the 2D coordinates of the at least one key point of the target object
based on an image part of the image to be processed corresponding to the 2D target

bounding box.

9. The method of claim 8, further comprising:
in response to that the 2D target bounding box including the target object is
not successfully obtained during the target object detection, not performing 3D

detection processing on the target object.

10. The method of claim 6, wherein constructing the pseudo 3D detection
body of the target object according to the optimal plane and the suboptimal plane
comprises:

determining a normal vector of the optimal plane; and

forming the pseudo 3D detection body according to an extension of vertices

in the optimal plane along a direction of the normal vector.

11. The method of claim 10, wherein determining the normal vector of the
optimal plane comprises:

determining, as the normal vector of the optimal plane, a perpendicular line
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that is made from a key point in the suboptimal plane to the optimal plane; or
determining a perpendicular line as the normal vector of the optimal plane,
the perpendicular line being made from a key point with a greatest prediction
accuracy, among remaining ones of the key points other than one or more key
points corresponding to the optimal plane, to the optimal plane; or
determining, as the normal vector of the optimal plane, a difference between
coordinates of two key points on an edge that is in a plane adjacent to the optimal

plane and is perpendicular to the optimal plane.

12. The method of any one of claims 1 to 11, wherein determining the 3D
detection body of the target object according to the depth information of the at least
one key point and the pseudo 3D detection body comprises:

converting the 2D coordinates of the at least one key point into 3D coordinates
in a 3D space according to the depth information of the at least one key point;

constructing an initial 3D detection body of the target object according to the
3D coordinates of the at least one key point; and

correcting the initial 3D detection body according to the pseudo 3D detection

body to form the 3D detection body of the target object.

13. The method of claim 12, wherein converting the 2D coordinates of the at
least one key point into the 3D coordinates in the 3D space comprises:
converting the 2D coordinates of one or more key points that meet a

prediction accuracy requirement into the 3D coordinates in the 3D space.

14. The method of claim 13, wherein constructing the initial 3D detection
body of the target object according to the 3D coordinates of the at least one key
point comprises:

determining an optimal plane of the target object according to planes
respectively corresponding to the 3D coordinates of the one or more key points,

and constructing the optimal plane of the target object in the 3D space;
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determining a normal vector of the optimal plane; and
forming the initial 3D detection body according to an extension of vertices in

the optimal plane along a direction of the normal vector.

15. The method of claim 14, wherein determining the normal vector of the
optimal plane comprises:

determining, as the normal vector of the optimal plane, a perpendicular line
that is made from a key point in the suboptimal plane to the optimal plane; or

determining a perpendicular line as the normal vector of the optimal plane,
the perpendicular line being made from a key point with a greatest prediction
accuracy, among remaining ones of the key points other than one or more key
points corresponding to the optimal plane, to the optimal plane; or

determining, as the normal vector of the optimal plane, a difference between
coordinates of two key points on an edge that is in a plane adjacent to the optimal

plane and is perpendicular to the optimal plane.

16. The method of any one of claims 12 to 15, wherein correcting the initial
3D detection body according to the pseudo 3D detection body to form the 3D
detection body of the target object comprises:

adjusting the initial 3D detection body in the 3D space according to the
pseudo 3D detection body in a 2D plane to increase an overlap area between a
region of the adjusted 3D detection body projected on the 2D plane and the pseudo
3D detection body.

17. The method of claim 16, wherein correcting the initial 3D detection body
according to the pseudo 3D detection body to form the 3D detection body of the
target object further comprises one or more of:

correcting the initial 3D detection body according to a preset length-to-width-
to-height ratio of the target object; or

correcting the initial 3D detection body according to a bounding box of the
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target object in the image to be processed, so that the region of the adjusted 3D

detection body projected on the 2D plane is included in the bounding box.

18. The method of any one of claims 1 to 17, further comprising:
performing smoothing processing on the 3D detection bodies of a same target

object in a plurality of images to be processed that are temporally correlated.

19. The method of claim 18, wherein the smoothing processing comprises one
or more of: smoothing processing on a length, a width and a height of the 3D
detection body, smoothing processing on a motion direction of the 3D detection
body, smoothing processing on a central point of a bird’s eye view of the 3D

detection body, or smoothing processing on vertices of the 3D detection body.

20. The method of any one of claims 1 to 19, further comprising one or more
of:

obtaining a motion direction of the 3D detection body according to the 3D
coordinates of the at least one key point of the target object; or

obtaining a positional relationship between the target object and a shooting
device capturing the image to be processed according to the 3D coordinates of the

at least one key point of the target object.

21. A method for controlling smart driving, comprising:

determining a three-dimensional (3D) detection body of a target object using
the method according to any one of claims 1 to 20 by taking, as an image to be
processed, a video frame included in a video acquired by a shooting device
provided on a vehicle;

generating a control instruction for the vehicle according to information of
the 3D detection body; and

transmitting the control instruction to the vehicle.
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22. The method of claim 21, wherein the information of the 3D detection body
comprises one or more of: a motion direction of the 3D detection body, a positional
relationship between the 3D detection body and the shooting device, or a size of

the 3D detection body.

23. A three-dimensional (3D) object detection device, comprising:

a two-dimensional (2D) coordinates acquisition module, configured to obtain
two-dimensional (2D) coordinates of at least one key point of a target object in an
image to be processed;

a 3D detection body construction module, configured to construct a pseudo
3D detection body of the target object according to the 2D coordinates of the at
least one key point;

a depth information acquisition module, configured to obtain depth
information of the at least one key point; and

a 3D detection body determination module, configured to determine a 3D
detection body of the target object according to the depth information of the at least

one key point and the pseudo 3D detection body.

24. The device of claim 23, wherein the image to be processed comprises: a
video frame of a video captured by a shooting device arranged on a moving body,
or a video frame of a video captured by a shooting device arranged at a fixed

position.

25. The device of claim 23 or 24, wherein the target object comprises one or
more of: a motor vehicle, a non-motor vehicle, a pedestrian, an animal, a building,

a plant, an obstacle, a dangerous article, a traffic sign, or an article.

26. The device of any one of claims 23 to 25, wherein the 3D detection body

construction module comprises:
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a first sub-module, configured to construct at least one possible plane of the
target object according to first predetermined belonging relationships between the
at least one key point and planes included by the target object and according to the
2D coordinates of the at least one key point; and

a second sub-module, configured to construct the pseudo 3D detection body

of the target object according to the at least one possible plane.

27. The device of claim 26, wherein the second sub-module comprises:

a first unit, configured to determine an optimal plane from among the at least
one constructed possible plane according to a predetermined rule for plane quality
determination; and

a second unit, configured to construct the pseudo 3D detection body of the

target object according to the optimal plane.

28. The device of claim 27, wherein the first unit is configured to:

determine the optimal plane and a suboptimal plane from among the at least
one constructed possible plane according to the predetermined rule for plane
quality determination,

wherein the second unit is configured to:

construct the pseudo 3D detection body of the target object according to the

optimal plane and the suboptimal plane.

29. The device of any one of claims 23 to 28, wherein the at least one key
point of the target object includes multiple key points,

wherein the device further comprises: a key point selection module,
configured to select one or more key points that meet a prediction accuracy
requirement from among the multiple key points,

wherein the 3D detection body construction module is configured to construct
the pseudo 3D detection body of the target object according to the 2D coordinates

of selected key points.
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30. The device of any one of claims 23 to 29, further comprising:

a target bounding box acquisition module, configured to perform target object
detection on the image to be processed to obtain a 2D target bounding box
including the target object,

wherein the 2D coordinates acquisition module is configured to obtain the 2D
coordinates of the at least one key point of the target object based on an image part

of the image to be processed corresponding to the 2D target bounding box.

31. The device of claim 30, wherein in response to that the target bounding
box acquisition module does not obtain the 2D target bounding box including the
target object successfully during the target object detection, the 3D object detection

device does not perform 3D detection processing on the target object.

32. The device of claim 28, wherein the second unit is configured to:
determine a normal vector of the optimal plane; and
form the pseudo 3D detection body according to an extension of vertices in

the optimal plane along a direction of the normal vector.

33. The device of claim 32, wherein the second unit is configured to: when
determining the normal vector of the optimal plane,

determine, as the normal vector of the optimal plane, a perpendicular line that
is made from a key point in the suboptimal plane to the optimal plane; or

determine a perpendicular line as the normal vector of the optimal plane, the
perpendicular line being made from a key point with a greatest prediction accuracy,
among remaining ones of the key points other than one or more key points
corresponding to the optimal plane, to the optimal plane; or

determine, as the normal vector of the optimal plane, a difference between
coordinates of two key points on an edge that is in a plane adjacent to the optimal

plane and is perpendicular to the optimal plane.
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34. The device of any one of claims 23 to 33, the 3D detection body
determination module comprises:

a third sub-module, configured to convert the 2D coordinates of the at least
one key point into 3D coordinates in a 3D space according to the depth information
of the at least one key point;

a fourth sub-module, configured to construct an initial 3D detection body of
the target object according to the 3D coordinates of the at least one key point; and

a fifth sub-module, configured to correct the initial 3D detection body
according to the pseudo 3D detection body to form the 3D detection body of the

target object.

35. The device of claim 34, wherein the third sub-module is configured to:
convert the 2D coordinates of one or more key points that meet a prediction

accuracy requirement into the 3D coordinates in the 3D space.

36. The device of claim 35, wherein the fourth sub-module comprises:

a third unit, configured to determine an optimal plane of the target object
according to planes respectively corresponding to the 3D coordinates of the one or
more key points, and construct the optimal plane of the target object in the 3D
space;

a fourth unit, configured to determine a normal vector of the optimal plane;
and

a fifth unit, configured to form the initial 3D detection body according to an

extension of vertices in the optimal plane along a direction of the normal vector.

37. The device of claim 36, wherein the fourth unit is configured to:
determine, as the normal vector of the optimal plane, a perpendicular line that
is made from a key point in the suboptimal plane to the optimal plane; or

determine a perpendicular line as the normal vector of the optimal plane, the
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perpendicular line being made from a key point with a greatest prediction accuracy,
among remaining ones of the key points other than one or more key points
corresponding to the optimal plane, to the optimal plane; or

determine, as the normal vector of the optimal plane, a difference between
coordinates of two key points on an edge that is in a plane adjacent to the optimal

plane and is perpendicular to the optimal plane.

38. The device of any one of claims 34 to 37, wherein the fifth sub-module is
configured to:

adjust the initial 3D detection body in the 3D space according to the pseudo
3D detection body in a 2D plane to increase an overlap area between a region of
the adjusted 3D detection body projected on the 2D plane and the pseudo 3D

detection body.

39. The device of claim 38, wherein the fifth sub-module is further configured
to: correct the initial 3D detection body according to a preset length-to-width-to-
height ratio of the target object; and/or correct the initial 3D detection body
according to a bounding box of the target object in the image to be processed, so
that the region of the adjusted 3D detection body projected on the 2D plane is

included in the bounding box.

40. The device of any one of claims 23 to 39, further comprising:
a smoothing processing module, configured to perform smoothing processing
on the 3D detection bodies of a same target object in a plurality of images to be

processed that are temporally correlated.

41. The device of claim 40, wherein the smoothing processing comprises one
or more of: smoothing processing on a length, a width and a height of the 3D
detection body, smoothing processing on a motion direction of the 3D detection
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body, smoothing processing on a central point of a bird’s eye view of the 3D

detection body, or smoothing processing on vertices of the 3D detection body.

42. The device of any one of claims 23 to 41, further comprising:

a motion direction acquisition module, configured to obtain a motion
direction of the 3D detection body according to the 3D coordinates of the at least
one key point of the target object; and/or

a positional relationship acquisition module, configured to obtain a positional
relationship between the target object and a shooting device capturing the image
to be processed according to the 3D coordinates of the at least one key point of the

target object.

43. A device for controlling smart driving, comprising:

the three-dimensional (3D) object detection device of any one of claims 22 to
40, configured to determine a 3D detection body of a target object by taking, as an
image to be processed, a video frame included in a video acquired by a shooting
device provided on a vehicle;

an instruction generation module, configured to generate a control instruction
for the vehicle according to information of the 3D detection body; and

an instruction transmission module, configured to transmit the control

instruction to the vehicle.

44. The device of claim 43, the information of the 3D detection body
comprises one or more of: a motion direction of the 3D detection body, a positional
relationship between the 3D detection body and the shooting device, or a size of

the 3D detection body.

45. An electronic device comprising:
a memory configured to store a computer program; and

aprocessor configured to execute the computer program stored in the memory,
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wherein when the computer program is executed, the processor is caused to

implement the method according to any one of claims 1 to 22.

46. A computer-readable storage medium having stored thereon a computer
program that, when executed by a processor, causes the method according to any

one of claims 1 to 22 to be implemented.

47. A computer program comprising computer instructions that, when
executed in a processor of a device, cause the method according to any one of

claims 1 to 22 to be implemented.
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