
TARGET DETECTION METHOD AND APPARATUS, ELECTRONIC 

DEVICE, AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATION

[ 0001] This application is based upon and claims priority to Chinese Application No. 

202010712662.7 filed on July 22, 2020 and entitled “TARGET DETECTION METHOD 

AND APPARATUS, ELECTRONIC DEVICE, AND STORAGE MEDIUM”, the 

disclosure of which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[ 0002] The present disclosure relates to the field of data processing technologies, and 

in particular, to a target detection method and apparatus, an electronic device, and a 

storage medium.

BACKGROUND

[ 0003] At present, in a Motor Vehicle Auto Driving System (MVADS) or an 

Intelligent Vehicle Infrastructure Cooperative System (IVICS), lidar-based target 

detection has become more and more important. Lidar emits a laser beam to form a 

scanning section through rotary scanning, so as to acquire point cloud data.

[ 0004] When the moving information of a target is detected, the moving information 

of the target can be determined based on a scanning timestamp at which the target is 

scanned in each frame of point cloud data. In related technologies, the timestamp of the 

point cloud data is usually used as the scanning timestamp at which the target is scanned. 

Here, the end time of point cloud scanning can generally be selected as the timestamp of 

the point cloud data, or the middle time between the start time and the end time of the 

point cloud scanning can also be selected as the timestamp of the point cloud data.
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[ 0005] However, no matter the timestamp of the point cloud data is determined in 

which of the abovementioned manners, the time when the target is scanned is actually

different from the timestamp. Therefore, if the moving information of the target is stilled 

determined by adopting the abovementioned target detection solution, the detection 

accuracy will be low.

SUMMARY

[ 0006] The embodiments of the present disclosure at least provide a target detection 

solution, which determines moving information of a target in combination with time 

information of each frame of point cloud data obtained through scanning and information 

related to a target to be detected in each frame of point cloud data, and has high accuracy.

[ 0007] In a first aspect, the embodiments of the present disclosure provide a target 

detection method. The method includes the following operations.

[ 0008] A plurality of frames of point cloud data obtained through scanning by a radar 

apparatus and time information of each frame of point cloud data obtained through 

scanning are acquired.

[ 0009] Position information of a target to be detected is determined based on each 

frame of point cloud data.

[ 0010] Scanning direction angle information when the target to be detected is scanned 

by the radar apparatus in each frame of point cloud data is determined based on the 

position information of the target to be detected in each frame of point cloud data.

[ 0011] Moving information of the target to be detected is determined according to the 

position information of the target to be detected in each frame of point cloud data, the 

scanning direction angle information when the target to be detected is scanned by the 

radar apparatus in each frame of point cloud data, and the time information of each frame 

of point cloud data obtained through scanning.

[ 0012] With the target detection method, a moving track point of a target to be 
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detected in a scanning process of an radar apparatus may be determined based on

position information of the target to be detected in each frame of the point cloud data, 

more accurate scanning direction angle information may be determined by taking 

interrelated offset information among various moving track points as a reference, and 

more accurate moving information (for example, moving speed information) of the target 

to be detected may be obtained in combination with the time information of each frame 

of point cloud data.

[ 0013] In a second aspect, the embodiments of the present disclosure further provide a 

target detection apparatus. The device includes: an information acquisition module, a 

position determination module, a direction angle determination module, and a target 

detection module.

[ 0014] The information acquisition module is configured to acquire a plurality of 

frames of point cloud data obtained through scanning by a radar apparatus and time 

information of each frame of point cloud data obtained through scanning.

[ 0015] The position determination module is configured to determine position 

information of a target to be detected based on each frame of point cloud data.

[ 0016] The direction angle determination module is configured to determine scanning 

direction angle information of the target to be detected scanned by the radar apparatus in 

each frame of point cloud data based on the position information of the target to be 

detected in each frame of point cloud data.

[ 0017] The target detection module is configured to determine moving information of 

the target to be detected according to the position information of the target to be detected 

in each frame of point cloud data, the scanning direction angle information of the target 

to be detected scanned by the radar apparatus in each frame of point cloud data, and the 

time information of each frame of point cloud data obtained through scanning.

[ 0018] In a third aspect, the embodiments of the present disclosure further provide an 

electronic device, including a processor, a memory, and a bus. The memory stores a 

machine-readable instruction executable for the processor. When the electronic device 

runs, the processor communicates with the memory through a bus. The machine-readable 
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instruction, when being executed by the processor, executes steps of the target detection 

method in the first aspect or any one of various implementations.

[ 0019] In a fourth aspect, the embodiments of the present disclosure further provide a 

computer-readable storage medium having a computer program is stored thereon. The 

computer program is run by the processor to execute steps of the target detection method 

in the first aspect or any one of various implementations.

[ 0020] Effect achieved by the abovementioned target detection apparatus, electronic 

device, and computer readable storage medium references to the description of the 

abovementioned target detection method, and will not be elaborated here.

[ 0021] In order to make the abovementioned purpose, characteristics, and advantages 

of the present disclosure clearer and easier to understand, detailed descriptions will be 

made below with the preferred embodiments in combination with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[ 0022] For describing the technical solutions of the embodiments of the present 

disclosure more clearly, the drawings required to be used in the embodiments will be 

simply introduced below. The drawings, which are incorporated in and constitute a part 

of this specification, illustrate embodiments consistent with the present disclosure and, 

together with the specification, serve to explain the technical solutions of the present 

disclosure. It is to be understood that the following drawings only illustrate some 

embodiments of the present disclosure and thus should not be considered as limitation to 

the scope. Those of ordinary skill in the art may also obtain other related drawings 

according to these drawings without creative work.

[ 0023] FIG. 1 illustrates a flowchart of a target detection method provided by a first 

embodiment of the present disclosure.

[ 0024] FIG. 2 illustrates a schematic diagram of application of the target detection 

method provided by a first embodiment of the present disclosure.
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[ 0025] FIG. 3A illustrates a schematic diagram of a grid matrix before coding 

provided by a first embodiment of the present disclosure.

[ 0026] FIG. 3B illustrates a schematic diagram of a sparse matrix provided by a first 

embodiment of the present disclosure.

[ 0027] FIG. 3C illustrates a schematic diagram of a grid matrix after coding provided 

by a first embodiment of the present disclosure.

[ 0028] FIG. 4A illustrates a schematic diagram of a grid matrix after left-shifting

provided by a first embodiment of the present disclosure.

[ 0029] FIG. 4B illustrates a schematic diagram of a logical OR operation provided by 

a first embodiment of the present disclosure.

[ 0030] FIG. 5A illustrates a schematic diagram of a grid matrix after a first negation 

operation provided by a first embodiment of the present disclosure.

[ 0031] FIG. 5B illustrates a schematic diagram of a grid matrix after a convolution 

operation provided by a first embodiment of the present disclosure.

[ 0032] FIG. 6 illustrates a schematic diagram of a target detection apparatus provided 

by a second embodiment of the present disclosure.

[ 0033] FIG. 7 illustrates a schematic diagram of an electronic device provided by a

third embodiment of the present disclosure.

DETAILED DESCRIPTION

[ 0034] In order to make the purpose, technical solutions, and advantages of the 

present disclosure clearer, the technical solutions in the embodiments of the present 

disclosure are clearly and completely elaborated below in combination with the 

accompanying drawings of the present disclosure. It is apparent that the described 

embodiments are not all but only part of embodiments of the present disclosure. 

Components, described and shown in the accompanying drawings, of the embodiments 
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of the present disclosure may usually be arranged and designed with various 

configurations. Therefore, the following detailed description of the embodiments of the 

present disclosure provided in the accompanying drawings is not intended to limit the 

scope of the present disclosure, but only represents the selected embodiments of the 

present disclosure. Based on the embodiments of the present disclosure, all other 

embodiments obtained by those skilled in the art without creative work shall fall within 

the scope of protection of the present disclosure.

[ 0035] It is found by research that when detecting the moving information of a target, 

the moving information of the target can be determined based on a scanning timestamp at 

which the target is scanned in each frame of point cloud data. In related technologies, the 

timestamp of the point cloud data is usually used as the scanning timestamp at which the 

target is scanned. However, based on an imaging principle of a lidar, it can be known that 

the time when the target is scanned is actually different from the timestamp of the point 

cloud data. If the moving information of the target is stilled determined by adopting the 

abovementioned target detection solution, the detection accuracy will be low.

[ 0036] Based on the abovementioned research, the present disclosure provides at least 

one target detection solution, which determines the moving information of the target in 

combination with the time information of each frame of point cloud data obtained 

through scanning and the information related to a target to be detected in each frame of 

point cloud data, and has high accuracy.

[ 0037] The defects existing in the solution of the related technologies are results 

obtained by the inventor after practice and careful research, thus both the problem 

discovery process and the solutions proposed for the above problems in the present 

disclosure below shall be the inventor's contribution to the present disclosure in the 

disclosure process.

[ 0038] It is to be noted that similar reference signs and letters represent similar terms 

in the following drawings and thus a certain term, once being defined in a drawing, are 

not required to be further defined and explained in subsequent drawings.

[ 0039] In order to facilitate the understanding of the embodiments, a target detection 
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method disclosed in the embodiments of the present disclosure is first introduced in 

detail. The performing entity of the target detection method provided in the embodiments 

of the present disclosure is generally an electronic device with certain computing 

capacity. The electronic device includes, for example, a terminal device, a server or other 

processing devices. The terminal device may be User Equipment (UE), a mobile device, 

a user terminal, a terminal, a cell phone, a cordless phone, a Personal Digital Assistant 

(PDA), a handheld device, a computing device, a vehicle device, a wearable device, etc. 

In some possible implementation modes, the target detection method may be 

implemented by means of a processor calling a computer-readable instruction stored in 

the memory.

[ 0040] The target detection method provided by the embodiments of the present 

disclosure is described below by taking that performing entity is the terminal device as an 

example.

[ 0041] As shown in FIG. 1 which is a flowchart of a target detection method provided 

by an embodiment of the present disclosure. The method includes operations S101 to 

S104.

[ 0042] At S101, a plurality of frames of point cloud data obtained through scanning

by a radar apparatus and time information of each frame of point cloud data obtained 

through scanning are acquired.

[ 0043] At S102, position information of a target to be detected is determined based on

each frame of point cloud data.

[ 0044] At S103, scanning direction angle information when the target to be detected is 

scanned by the radar apparatus in each frame of point cloud data is determined based on

the position information of the target to be detected in each frame of point cloud data.

[ 0045] At S104, moving information of the target to be detected is determined 

according to the position information of the target to be detected in each frame of point 

cloud data, the scanning direction angle information when the target to be detected is 

scanned by the radar apparatus in each frame of point cloud data, and the time 

information of each frame of point cloud data obtained through scanning.

7



[ 0046] Here, in order to facilitating understanding the target detection method 

provided by the embodiments of the present disclosure, a technical scenario of the target 

detection method is simply described first. The target detection method provided by the 

embodiments of the present disclosure may be applicable to a radar apparatus. Taking a 

rotary scanning radar as an example, point cloud data of a related target in a surrounding 

environment may be acquired when the rotary scanning radar rotates and scans in the 

horizontal direction. During rotating and scanning, a lidar may adopt a multi-line 

scanning mode. That is, a plurality of laser tubes are used for emitting sequentially, and 

the structure is that the plurality of laser tubes are arranged longitudinally. That is, during 

rotating and scanning in the horizontal direction, multi-layer scanning in the vertical 

direction is performed. There is a certain angle between every two laser tubes. A vertical 

emitting view field may be between 30° and 40°. Thus, a data packet returned by emitted 

laser of the plurality of laser tubes may be acquired when a lidar device rotates a 

scanning angle each time, and the point cloud data may be obtained by splicing the data 

packets acquired at various scanning angels.

[ 0047] It can be known from the abovementioned lidar scanning principle, the times

when all targets are scanned by the lidar are different. If the timestamp of the point cloud 

data is directly considered as the timestamp common to all targets, a noise with the 

magnitude of T is introduced to the timestamp of the target, herein T is the time taken for

the scanning of the frame of point cloud, which will cause poor accuracy for a

determined moving target.

[ 0048] To solve this problem, the embodiments of the present disclosure provide a 

solution for determining the moving information of a target in combination with the time 

information of each frame of point cloud data obtained through scanning and information 

related to a target to be detected in each frame of point cloud data.

[ 0049] In the embodiments of the present disclosure, one frame of point cloud data 

may be a data set of various point-cloud points obtained by splicing the plurality of data 

packets scanned in one rotation cycle (corresponding to a rotation angle of 360°), may 

also be a data set of various point-cloud points obtained by splicing the data packets 

scanned in a half of a rotation cycle (corresponding to a rotation angle of 180°), or may 
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also be a data set of various point-cloud points obtained by splicing the data packets 

scanned in a quarter of a rotation cycle (corresponding to a rotation angle of 90°).

[ 0050] Thus, after the position information of the target to be detected is determined 

based on each frame of point cloud data, the scanning direction angle information when 

the target to be detected is scanned in each frame of point cloud data may be determined 

based on the position information. The scanning time information when the target to be 

detected is detected in each frame of point cloud data may be determined based on offset 

angle information and the time information required for scanning one frame of point 

cloud data, and then the moving information of the target to be detected may be 

determined in combination with the position information of the target to be detected in 

each frame of point cloud data.

[ 0051] The scanning direction angle information corresponding to the 

abovementioned target to be detected may indicate an offset angle of the target to be 

detected relative to a defined forward X axis. For example, a scanning radar directly 

faces the target to be detected to start scanning, at this time, the position of the radar 

apparatus may be taken as an original point, and the direction pointing to the target to be 

detected may be taken as the forward X axis. At this time, the scanning direction angle 

for the target to be detected is 0°. If the target to be detected is offset from the forward X 

axis 15°, the corresponding scanning direction angle is 15°.

[ 0052] In specific application, the corresponding scanning direction angle information 

may be determined based on the position information of the target to be detected. Here, 

coordinate information may be correspondingly transformed into the corresponding 

scanning direction angle information based on a triangular cosine relation by taking the 

positive X axis defined above as the direction of 0°.

[ 0053] In the embodiments of the present disclosure, considering that each frame of 

point cloud data may be collected based on selection modes, such as a quarter of a 

rotation period, a half of a rotation period, or one rotation period, for one frame of point 

cloud data collected in different selection modes, the scanning start and end angle 

information thereof will affect the scanning time information when the target to be 

detected in one frame of point cloud data is scanned to a certain extent, and thus affecting 
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the determination of the moving information. Therefore, different scanning start and end

angle information determination methods may be adopted for different selection modes.

[ 0054] If the selection mode adopted in an embodiment of the present disclosure is

one rotation cycle, the forward X axis may be taken as a scanning start angle. Thus, the 

scanning end angle corresponding to one rotation cycle is 360°, and related scanning start 

and end angle information may be determined directly or determined by using recorded 

results of a driver of the radar apparatus. If the selection mode adopted in an embodiment 

of the present disclosure is a half of or a quarter of a rotation cycle, at this time, the 

scanning start and end angle information corresponding to each frame of point cloud data 

is required to be determined. The scanning start angle and the scanning end angle in the 

scanning start and end angle information may be the offset angle relative to the forward 

X axis, and the related scanning start and end angle information may be determined by 

using the recorded results of the driver of the radar apparatus.

[ 0055] In the embodiments of the present disclosure, in the case that the time 

information of each frame of point cloud data obtained through scanning includes 

scanning start and end time information and scanning start and end angle information 

corresponding to each frame of point cloud data, the moving information of the target to 

be detected may be determined according to the position information of the target to be

detected in each frame of point cloud data, the scanning direction angle information 

when the target to be detected is scanned by the radar apparatus in each frame of point 

cloud data, and the scanning start and end time information and the scanning start and 

end angle information corresponding to each frame of point cloud data.

[ 0056] The scanning start and end time information includes scanning start time 

information when the scanning of one frame of point cloud data is started and scanning 

end time information when the scanning of one frame of point cloud data is ended. The 

scanning start and end angle information includes scanning start angle information and 

scanning end angle information. The scanning start time information and the scanning 

start angle information may correspond to a scanning start position where the scanning of 

one frame of point cloud data is started. The scanning end time information and the 

scanning end angle information may correspond to a scanning end position where the 
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scanning of one frame of point cloud data is ended.

[ 0057] In the case that the scanning direction angle information, the scanning start and 

end time information, and the scanning start and end angle information are determined, 

by taking the scanning start and end information as a reference, the moving information 

of the target to be detected may be determined by determining a state of the movement 

information of the target to be detected in which the target to be detected is located at the 

scanning position corresponding to the abovementioned scanning angle .

[ 0058] In the embodiments of the present disclosure, the moving information may be 

moving speed information. The moving speed information may be determined according 

to the following operations.

[ 0059] At S1, for each frame of point cloud data, scanning time information when the 

target to be detected is scanned in the frame of point cloud data is determined based on

the scanning direction angle information when the target to be detected is scanned in the 

frame of point cloud data and the scanning start and end time information and the 

scanning start and end angle information corresponding to the frame of point cloud data.

[ 0060] At S2, displacement information of the target to be detected is determined 

based on coordinate information of the target to be detected in the plurality of frames of 

point cloud data.

[ 0061] At S3, moving speed information of the target to be detected is determined 

based on scanning time information when the target to be detected is scanned 

respectively in the plurality of frames of point cloud data and the displacement 

information of the target to be detected.

[ 0062] Here, with the target detection method provided by the embodiments of the 

present disclosure, for each frame of point cloud data, the scanning time information 

when the target to be determined is scanned by the radar apparatus may be determined.

Thus, the scanning time difference information of the target to be detected in two frames 

of point cloud data may be determined based on the scanning time information. In the 

case that the displacement information of the target to be detected is determined, the 

moving speed information of the target to be detected may be obtained by calculating the 
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ratio between the displacement information and the scanning time difference information 

using a speed calculation method. The moving speed information of the target to be 

detected includes a moving speed and/or a moving acceleration of the target to be 

detected.

[ 0063] In a process of determining the displacement information of the target to be 

detected, the position offset of the target to be detected in two frames of point cloud data 

may be determined based on the position information of the target to be detected in each 

of a plurality of frames of point cloud data, and the displacement information of the 

target to be detected may be determined by mapping the position offset into an actual 

scenario.

[ 0064] In addition, for each frame of point cloud data, the scanning time information 

when the target to be detected is scanned in the frame of point cloud data may be 

determined based on the scanning direction angle information when the target to be 

detected is scanned in the frame of point cloud data and the scanning start and end time 

information and the scanning start and end angle information corresponding to the frame 

of point cloud data.

[ 0065] The scanning start and end time information and the scanning start and end

angle information may be recorded by a driver built in the radar apparatus. Theoretically 

speaking, the radar apparatus has rated operating frequency. The common operating 

frequency is 10 HZ. In this way, 10 frames of point cloud data may be output in 1 second. 

For each frame of point cloud data, a time difference between the scanning end time and 

the scanning start time may be 100 milliseconds. For a 360 °-ring scanning apparatus, the 

start angle and the end angle for one frame of point cloud data are generally overlapped, 

i.e., the angle difference between the scanning end angle and the scanning start angle 

may be 360 °.

[ 0066] However, in an actual operation process of the radar apparatus, due to

mechanical wear, external resistance, data loss, etc., the time difference may be less than 

100 milliseconds and the angle difference may be less than 360°. In order to ensure the 

accuracy of the scanning time information determined by the embodiments of the present 

disclosure, the scanning start and end time information and the scanning start and end
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angle information are recorded only by the drive built in the radar apparatus in real time, 

i.e., in the embodiments of the present disclosure, the actually measured values may be 

used, for example, the time difference may be 99 milliseconds, and the angle difference 

may be 359°.

[ 0067] Thus, the more accurate scanning time information may be obtained based on

the actually measured values related to the scanning start and end information and the 

scanning direction information corresponding to the target to be detected. In each frame 

of point cloud data, a process of determining the scanning time information when the 

target to be detected is scanned may be implemented by the following operations.

[ 0068] At S1, for each frame of point cloud data, a first angle difference between a 

direction angle for the target to be detected and a scanning start angle is determined 

based on the scanning direction angle information when the target to be detected is 

scanned in the frame of point cloud data and the scanning start angle information in the 

scanning start and end angle information corresponding to the frame of point cloud data. 

A second angle difference between the scanning end angle and the scanning start angle is 

determined based on the scanning end angle information and the scanning start angle 

information in the scanning start and end angle information corresponding to the frame of 

point cloud data. The time difference between the scanning end time information and the 

scanning start time information is determined based on the scanning end time 

information when the scanning of the frame of point cloud data is ended in the scanning 

start and end time information corresponding to the frame of point cloud data and the 

scanning start time information when the scanning of the frame of point cloud data is 

started in the scanning start and end time information corresponding to the frame of point 

cloud data.

[ 0069] At S2, the scanning time information when the target to be detected is scanned 

in the frame of point cloud data based on the first angle difference, the second angle 

difference, the time difference, and the scanning start time information.

[ 0070] Here, when the scanning time information corresponding to the target to be 

detected is determined, the scanning duration from the scanning start time to the time 

when the target to be detected is scanned may be determined on the premise of 
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determining the scanning start time information. Here, the scanning duration may be 

determined based on time difference and an angle difference proportion determined by 

calculating the ratio of the first angle difference to the second angle difference. Thus, the 

scanning time information of the target to be detected after the determined scanning 

duration elapses may be calculated based on the scanning start time.

[ 0071] Here, considering that a scanning process of the radar apparatus may be at a 

constant speed, the scanned angle may occupy a certain proportion of a complete rotation 

(corresponding to the angle difference between the scanning end angle and the scanning 

start angle). When it is determined that there is a target to be detected at a scanning 

position, the scanning time information corresponding to the target to be detected may be 

determined by using this proportional relationship.

[ 0072] In order to facilitate understanding the process of determining the scanning 

time information, detailed description may be made with reference to FIG. 2.

[ 0073] As shown in FIG. 2, the radar apparatus scans from the scanning start position 

corresponding to (t , a ) and in a clockwise direction here. After the position of the 

target to be detected corresponding to (t , a ) is scanned, scanning is continued in the 

clockwise direction and is ended until the scanning end position corresponding to (t , a )

is scanned. Here, t , t and t are respectively used to represent the scanning time 

information corresponding to the target to be detected, the scanning end time 

information, and the scanning start time information, and a , a and a are respectively 

used to represent the scanning direction angle information corresponding to the target to 

be detected, the scanning end angle information, and the scanning start angle 

information.

[ 0074] It is to be noted that, in the target detection method provided by the 

embodiments of the present disclosure, the target to be detected is required to be 

perceived from the point cloud data before determining the scanning time information. 

For example, for the point cloud data collected in real time, a point cloud block with the 

highest similarity to target point cloud may be found from the point cloud data based on a

point cloud feature description vector, so as to determine the target to be detected. 

Generally speaking, representation methods, such as a 3-Dimensional (3D) box, a 2-
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Dimensional (2D) box, a polygon, etc. may be used. Specific representation methods are

related to the adopted specific perception method, which is not specifically limited here.

[ 0075] No matter the target to be detected is determined by which method, the time 

when the geometric center of the target to be detected is scanned by laser is taken as a

timestamp (corresponding to the scanning time information) of the target to be detected. 

Here, the target to be detected is abstracted as a geometric mass point in a lidar 

coordinate system.

[ 0076] If a preperception algorithm gives a 3D box, the center point of the 3D box 

may be used as the geometric center. If the preperception algorithm gives a 2D box on a 

top view, the center point of the 2D box may be used as the geometric center (as shown 

in FIG. 2). If the preperception algorithm gives a polygon on the top view, the average 

coordinates of polygon nodes may be used as the geometric center. Thus, an offset angle 

of a connecting line between the geometric center and an original point of a lidar 

coordinate system relative to the forward X axis may be determined based on the 

geometric center of the target to be detected, i.e., the scanning direction angle 

information a  corresponding to the target to be detected is determined.

[ 0077] It can be known from FIG. 2 that the a -a is less than 360°, i.e., the actually 

measured angle difference is used here. Thus, the angle scanned by the radar apparatus 

will occupy a certain proportion of the overall scanning angle, which may be described 

by the following equation (1).

[ 0078] = (1)

[ 0079] Here, a a is used to represent the first angle difference between the 

direction angle for the target to be detected and the scanning start angle, a a is used to 

represent the second angle difference between the scanning end angle and the scanning 

start angle, and t t is used to represent the time difference between the scanning end 

time information and the scanning start time information.

[ 0080] It can be known from the above formula that, in the case that the target to be 

detected is detected by the radar apparatus, the proportion of the scanned angle to the 
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total angle is consistent with that of the scanned duration to the total duration. Thus, the 

abovementioned formula is transformed into the following expression (2) related to t ,

i.e.,

[ 0081] t = (t t ) + t (2)

[ 0082] It can be seen that, in the target detection method provided by the 

embodiments of the present disclosure, the scanning time information when the target to 

be detected is scanned may be determined based on the first angle difference, the second 

angle difference, the time difference, and the scanning start time information.

[ 0083] When the scanning time information corresponding to the target to be detected 

is determined, first, the proportion of the angle difference corresponding to the target to 

be detected may be determined based on calculating the ratio of the first angle difference 

to the second angle difference, then, the proportion of the angle difference and the time 

difference may be multiplied to obtain the scanning duration from the scanning start time 

to the time when the target to be detected is scanned, and finally, the corresponding 

scanning time information can be obtained by summing the scanning time and the 

scanning start time information.

[ 0084] After the scanning time information is determined according to the 

abovementioned method, the moving speed information of the target to be detected is 

determined.

[ 0085] Considering the key role of the position information of the target to be detected 

in determining the moving information of the target to be detected, it can be described in 

detail next.

[ 0086] In the target detection method provided by the embodiments of the present 

disclosure, the position information of the target to be detected may be determined 

according to the following operations.

[ 0087] At S1, gridding processing is performed on each frame of point cloud data to 

obtain a grid matrix. The value of each element in the grid matrix is used to represent 

whether a point-cloud point exists in a grid corresponding to the element.
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[ 0088] At S2, a sparse matrix corresponding to the target to be detected is generated 

according to the grid matrix and the size information of the target to be detected.

[ 0089] At S3, the position information of the target to be detected is determined based 

on the generated sparse matrix.

[ 0090] In the embodiments of the present disclosure, for each frame of point cloud 

data, gridding processing may be performed first, and then, sparse processing may be 

performed on the grid matrix obtained by the gridding processing, so as to generate the 

sparse matrix. The process of gridding processing here may refer to a process of mapping 

the spatially distributed point cloud data containing various point-cloud points into a set 

grid and performing grid coding (corresponding to a zero-one matrix) based on the point-

cloud points corresponding to the grid. The process of sparse processing may be a 

process of performing a dilating processing operation (corresponding to a processing 

result of increasing elements indicated as 1 in the zero-one matrix) or an eroding 

processing operation (corresponding to a processing result of reducing elements indicated 

as 1 in the zero-one matrix) on the above-mentioned zero-one matrix based on the size 

information of the target to be detected in a target scenario. Next, the process of grating 

processing and the process of sparse processing are further described.

[ 0091] In the process of grating processing, the point-cloud points distributed in a 

Cartesian continuous real number coordinate system may be transformed into a gridded 

discrete coordinate system.

[ 0092] In order to facilitate understanding the process of gridding processing, detailed 

description may be made with reference to an example. In the example of the present 

disclosure, there are point-cloud points such as a point A (0.32 m, 0.48 m), a point B (0.6

m, 0.4801 m), a point C (2.1 m, 3.2 m), etc. Gridding is performed by taking 1 m as a 

grid width, the range from (0 m, 0 m) to (1 m, 1 m) corresponds to a first grid, the range 

from (0 m, 1 m) to (1 m, 2 m) corresponds to a second grid, and the like. The gridded A’ 

(0, 0) and B’ (0, 0) are both in the grid of a first row and a first column, and C’ (2, 3) may 

be in the grid of a second row and a third column, so as to realize the transformation from 

the Cartesian continuous real number coordinate system to the discrete coordinate 

system. The coordinate information relating to the point-cloud points may be determined 
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with reference to a reference point (for example, the position of a radar device used for

collecting the point cloud data), which is not elaborated here.

[ 0093] In the embodiments of the present disclosure, 2-Dimensional gridding may be 

performed, or 3-Dimensional gridding may also be performed. Height information is 

added in the 3-Dimensional gridding compared with the 2-Dimensional gridding. Next, 

detailed description will be made by taking the 2-Dimensional gridding as an example.

[ 0094] For the 2-Dimensional gridding, a finite space may be divided into n*m grids, 

and generally, may be divided at equal intervals. The interval size may be configured. At

this time, gridded point cloud data may be coded by using the zero-one matrix (i.e., the 

abovementioned grid matrix). Each grid may be represented by coordinates composed of 

a unique row number and column number. If one or more point-cloud points exist in the 

grid, the grid is coded as 1, and otherwise, the grid is coded as 0, so as to obtain a coded 

zero-one matrix.

[ 0095] After the grid matrix is determined according to the abovementioned method, a 

sparse processing operation may be performed on the elements in the grid matrix 

according to the size information of the target to be detected, so as to generate a 

corresponding sparse matrix.

[ 0096] The size information related to the target to be detected may be acquired in 

advance. Here, the size information of the target to be detected may be determined in 

combination with the image data collected synchronously with the point cloud data, and 

the size information of the target to be detected may also be estimated roughly based on a

specific application scenario of the target detection method provided by the embodiments 

of the present disclosure. For example, for the field of automatic driving, an object in 

front of a vehicle may be a vehicle, and the general size information of the object may be 

determined as 4 m × 4 m. In addition, in the embodiments of the present disclosure, the 

size information of the target to be detected may also be determined based on other 

manners, which is not specifically limited in the embodiments of the present disclosure.

[ 0097] In the embodiments of the present disclosure, the related sparse processing 

operation may include performing at least one dilating processing operation on a target 
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element (i.e., represents an element that one or more point-cloud points exist in a grid

corresponding to the element) in the grid matrix. The dilating processing operation here 

may be performed in the case that the size of a coordinate range of the grid matrix is 

smaller than the size of the target to be detected in a target scenario. That is, the range of 

the elements representing that one or more point-cloud points exist in the respective grids

may be dilated step by step by performing the dilating processing operation one or more 

times, so that the dilated element range is matched with the target to be detected, to 

realize position determination. In addition, the sparse processing operation in the 

embodiments of the present disclosure may also include performing at least one eroding 

processing operation on the target element in the grid matrix. The eroding processing 

operation here may be performed in the case that the size of the coordinate range of the 

grid matrix is greater than the size of the target to be detected in the target scenario. That 

is, the range of the elements representing that one or more point-cloud points exist in the 

respective grids may be reduced step by step by performing the eroding processing 

operation one or more times, so that the reduced element range is matched with the target 

to be detected, to realize position determination.

[ 0098] In specific application, whether to perform one dilating processing operation, 

or a plurality of dilating processing operations, or one eroding processing operation, or a 

plurality of eroding processing operations depends on whether a difference value 

between the size of the coordinate range of the sparse matrix obtained by performing at 

least one shift processing and at least one logical operation processing and the size of the 

target to be detected in the target scenario is within a pre-set threshold range, i.e., the 

dilating or eroding processing operation adopted by the present disclosure is performed 

based on the constraints of the size information of the target to be detected, so that the 

information represented by the determined sparse matrix is more consistent with the 

information related to the target to be detected.

[ 0099] It can be understood that the purpose of the sparse processing realized based on

the dilating processing operation or the eroding processing operation is to enable the 

generated sparse matrix to represent more accurate information related to the target to be 

detected.
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[ 00100] In the embodiments of the present disclosure, the dilating processing operation 

may be implemented based on a shift operation and a logical OR operation, or may also 

be implemented based on performing convolution after negation and performing negation 

after convolution. Specific methods adopted by the two operations are different, but the 

effects of the finally generated sparse matrices may be consistent.

[ 00101] In addition, the eroding processing operation may be implemented based on

the shift operation and the logical OR operation, or may also be implemented directly 

based on a convolution operation. Similarly, specific methods adopted by the two 

operations are different, but the effects of the finally generated sparse matrices may also 

be consistent.

[ 00102] Next, taking the dilating processing operation as an example, a generation 

process of the abovementioned sparse matrix is further described in combination with the 

specific example diagrams of generating the sparse matrix shown in FIG. 3A to FIG. 3B.

[ 00103] As shown in FIG. 3A which is a schematic diagram of the grid matrix 

(corresponding to an uncoded grid matrix) obtained after gridding processing, an eight-

neighbor dilating operation is performed on each target element (corresponding to a grid 

having a filling effect) in the grid matrix, to obtain a corresponding sparse matrix, as 

shown in FIG. 3B. It can be known that, in the embodiments of the present disclosure,

the eight-neighborhood dilating operation is performed on the target element having a 

point-cloud point at a corresponding grid in FIG. 3A, so that each target element becomes 

an element set after dilating, and the grid width corresponding to the element set may be 

matched with the size of the target to be detected. 

[ 00104] The eight-neighborhood dilating operation may be a process of determining 

other elements related to the target element, where the absolute value of the difference 

between the abscissa or ordinate value of other elements and the abscissa or ordinate 

value of the target element does not exceed 1. Except for the elements at the edge of the 

grid, there are generally eight elements (corresponding to the abovementioned element 

set) in a neighborhood of one element. The input for a dilating processing result may be 

the coordinate information of six target elements, and the output for the dilating 

processing result may be the coordinate information of the element set in eight 
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neighborhoods of the target element, as shown in FIG. 3B.

[ 00105] It is to be noted that, in actual application, a four-neighborhood dilating 

operation or other dilating operations may also be performed in addition to the eight-

neighborhood dilating operation, which is not specifically limited here. In addition, in the 

embodiments of the present disclosure may also perform a plurality of dilating 

operations. For example, the dilating operation is performed again based on a dilating 

result shown in FIG. 3B, so as to obtain a sparse matrix with a larger element set range, 

which is not elaborated here.

[ 00106] In the embodiments of the present disclosure, the position information of the 

target to be detected may be determined based on the generated sparse matrix. In the 

embodiments of the present disclosure, it can be specifically implemented in two aspects 

as follows.

[ 00107] In a first aspect: the position information of the target to be detected may be 

determined based on a corresponding relationship between elements in the grid matrix 

and the coordinate range information of point-cloud points, which may be implemented 

specifically by the following operations.

[ 00108] At S1, coordinate information corresponding to each target element in the 

generated sparse matrix is determined based on the corresponding relationships between 

elements in the grid matrix and coordinate range information of point-cloud points.

[ 00109] At S2, the position information of the target to be detected is determined by 

combining the coordinate information corresponding to all target elements in the sparse 

matrix.

[ 00110] Here, it can be known based on related description of the abovementioned 

relevant gridding processing that each target element in the grid matrix may correspond 

to a plurality of point-cloud points. Thus, the coordinate range information corresponding 

to a plurality of point-cloud points and related elements may be determined in advance.

Here, still taking a grid matrix with the dimension of N*M as an example, the target 

element with a point-cloud point may correspond to P point-cloud points. The 

coordinates of each point are (Xi, Yi), i belongs to 0 to P-1, Xi, Yi represents the position
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of the point-cloud point in the grid matrix, 0<=Xi<N, and 0<=Yi<M.

[ 00111] Thus, after the sparse matrix is generated, the coordinate information 

corresponding to each target element in the sparse matrix may be determined based on

the corresponding relationships between abovementioned elements and the coordinate 

range information of point-cloud points that are determined in advance, i.e., an anti-

gridding processing operation is performed.

[ 00112] It is to be noted that the sparse matrix is obtained based on performing the 

sparse processing on the elements, each representing that a point-cloud point exists in the 

grid corresponding to the element, in the grid matrix. Therefore, a target element in the 

sparse matrix may represent an element that a point-cloud point exists in the grid

corresponding to the element.

[ 00113] In order to facilitate understanding the anti-gridding processing operation, 

detailed description may be made with reference to an example. Here, for example, the 

point A’ (0, 0) and the point B’ (0, 0) indicated by the sparse matrix is in the grid of a first 

row and a first column, and the point C’ (2, 3) is in the grid of a second row and a third 

column, in a process of performing the anti-gridding processing, for a first grid (0, 0),

(0.5 m, 0.5 m) may be obtained by mapping the center of the first grid (0, 0) back to a 

Cartesian coordinate system, for a grid (2, 3) of the second row and the third column,

(2.5 m, 3.5 m) may be obtained by mapping the center of the grid (2, 3) of the second 

row and the third column back to the Cartesian coordinate system, i.e., (0.5 m, 0.5 m) and 

(2.5 m, 3.5 m) may be determined as mapped coordinate information. Thus, the position 

information of the target to be detected may be determined by combining the mapped 

coordinate information.

[ 00114] In the embodiments of the present disclosure, the determination of the position 

information of the target to be detected can not only be implemented based on an 

approximation relationship of the sparse matrix with the target detection result, but also 

be implemented based on a trained convolutional neural network.

[ 00115] In a second aspect: in the embodiments of the present disclosure, at least one 

convolution processing may be performed on the generated sparse matrix based on a
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trained convolutional neural network first, and then the position information of the target 

to be detected may be determined based on a convolution result obtained by the 

convolution processing.

[ 00116] In a related technology of realizing target detection by using the convolutional 

neural network, it is required to traverse all input data to find neighborhood points of an 

input point successively to perform a convolution operation, and finally a set of all 

neighborhood points is output. However, in the target detection method provided by the 

embodiments of the present disclosure, it is only required to find the position where an 

effective point (namely, an element of 1 in a zero-one matrix) is located by rapidly 

traversing the target elements in the sparse matrix to perform the convolution operation, 

thereby greatly accelerating a calculation process of the convolutional neural network 

and improving the efficiency of determining the position information of the target to be 

detected.

[ 00117] Considering the key role of the sparse processing operation on the target 

detection method provided by the embodiments of the present disclosure, it can be 

described in the two aspects as follows.

[ 00118] In a first aspect: in the case that the sparse processing operation is a dilating 

processing operation, the embodiments of the present disclosure may be implemented in 

combination with shift processing and a logical operation, and may also be implemented 

based on performing convolution after negation and performing negation again after 

convolution.

[ 00119] First, in the embodiments of the present disclosure, one or more dilating 

processing operations may be performed based on at least one shift processing and at 

least one logical OR operation. In a specific implementation process, the number of times 

for performing dilating processing operations may be determined in combination with the 

size information of the target to be detected in the target scenario.

[ 00120] Here, for the first dilating processing operation, shift processing in a plurality 

of preset directions may be performed on a target element representing that a point-cloud 

point exists in a grid corresponding to the target element, so as to obtain a plurality of 
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respective shifted grid matrices, and then the logical OR operation may be performed on 

the grid matrix and the plurality of shifted grid matrices corresponding to the first 

dilating processing operation, so that a sparse matrix after the first dilating processing 

operation may be obtained. Here, whether the size of a coordinate range of the obtained 

sparse matrix is less than the size of the target to be detected, and whether a 

corresponding difference value is large enough (for example, greater than a preset 

threshold value) may be determined. If yes, the shift processing in the plurality of preset 

directions and the logical OR operation may be performed on the target element in the 

sparse matrix obtained after the first dilating processing operation according to the 

abovementioned method, so as to obtain the sparse matrix after a second dilating 

processing operation, and in this way, until in the case that the difference value between 

the size of the coordinate range of a newly obtained sparse matrix and the size of the 

target to be detected in the target scenario belongs to a preset threshold range, the sparse 

matrix is determined.

[ 00121] It is to be noted that the sparse matrix obtained after any dilating processing 

operation is essentially a zero-one matrix. With the increase of the number of times for 

performing the dilating processing operations, the number of the target elements, each 

representing that a point-cloud point exists in the grid corresponding to the target 

element, in the obtained sparse matrix is also increased. Since the grid mapped by the 

zero-one matrix has width information, here, whether the size of the target to be detected 

in the target scenario is reached may be verified by using the size of the coordinate range 

corresponding to target elements in the sparse matrix, so that the accuracy of subsequent 

target detection application is improved.

[ 00122] The abovementioned logical OR operation may be implemented according to 

the following operations.

[ 00123] At S1, one shifted grid matrix is selected from a plurality of shifted grid 

matrices.

[ 00124] At S2, the logical OR operation is performed on the grid matrix before the 

current dilating processing operation and the selected shifted grid matrix to obtain an 

operation result.
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[ 00125] At S3, a grid matrix that does not participate in the operation is circularly 

selected from a plurality of shifted grid matrices, and the logical OR operation is 

performed on the selected grid matrix and the last operation result until all the grid 

matrices are selected, so as to obtain a sparse matrix after the current dilating processing 

operation.

[ 00126] Here, a shifted grid matrix may be selected from a plurality of shifted grid 

matrices first, thus, the logical OR operation may be performed on the grid matrix before 

the current dilating processing operation and the selected shifted grid matrix to obtain the 

operation result. Here, the grid matrix that does not participate in the operation may be 

circularly selected from the plurality of shifted grid matrices and used to participate in 

the logical OR operation until all the grid matrices are selected, so as to obtain the sparse 

matrix after the current dilating processing operation.

[ 00127] In the embodiments of the present disclosure, the dilating processing operation 

may be four-neighborhood dilating taking a target element as a center, may also be eight-

neighborhood dilating taking the target element as the center, or may also be other 

neighborhood processing operation manners. In a specific application, a neighborhood

processing operation manner may be selected based on the size information of the target 

to be detected, which is not limited specifically here.

[ 00128] It is to be noted that, for different neighborhood processing operation modes,

the preset directions for the respective shift processing are different. Taking four-

neighborhood dilating as an example, shift processing may be performed on the grid 

matrix in four preset directions respectively, i.e. left shift, right shift, up shift, and down 

shift. Taking eight-neighborhood dilating as an example, shift processing may be 

performed on the grid matrix in four preset directions respectively, i.e. left shift, right 

shift, up shift, down shift, up shift after left shift, down shift after left shift, up shift after

right shift and down shift after right shift. In addition, in order to adapt to a subsequent 

logical OR operation, a logical OR operation may be performed firstly after a shifted grid 

matrix is determined based on a plurality of shifting directions, then a shift operation in 

the plurality of shift directions is performed on the result of the logical OR operation, a 

next logical OR operation is performed, and so on, until a sparse matrix after dilating 
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processing is obtained.

[ 00129] In order to facilitating understanding the abovementioned dilating processing 

operation, the grid matrix before coding shown in FIG. 3A may be transformed into the 

grid matrix after coding shown in FIG. 3C, and then the first dilating processing

operation may be illustrated in combination with FIG. 4A to FIG. 4B.

[ 00130] The grid matrix as shown in FIG. 3C is a zero-one matrix, all positions of 1 in 

the matrix may represent the grids where the target element is located, and all 0 in the 

matrix may represent a background.

[ 00131] In the embodiments of the present disclosure, firstly, the neighborhood of all 

elements with the element values of 1 in the zero-one matrix may be determined by using 

a matrix shift. Here, the shift processing in four preset directions, i.e. left shift, right shift, 

up shift and down shift may be defined. The left shift is that column coordinates 

corresponding to all elements with the element values of 1 in a zero-one matrix minus 

one, as shown in FIG. 4A. The right shift is that column coordinates corresponding to all 

elements with the element values of 1 in a zero-one matrix plus one. The up shift is that 

raw coordinates corresponding to all elements with the element values of 1 in a zero-one 

matrix minus one. The down shift is that raw coordinates corresponding to all elements 

with the element values of 1 in a zero-one matrix plus one.

[ 00132] Secondly, in the embodiments of the present disclosure, the results of all 

neighborhoods may be merged by using a matrix logical matrix OR operation. For Matrix 

logical OR, in the case that two sets of zero-one matrix inputs with the same size are 

received, logical OR operation is performed on element values (zero or one) at the same 

position of two sets of matrices in sequence, and the obtained results form a new zero-

one matrix as an output. FIG. 4B shows a specific example of a logical OR operation.

[ 00133] In a specific process of realizing logical OR, a left shifted grid matrix, a right 

shifted grid matrix, an up shifted grid matrix, and a down shifted grid matrix may be 

sequentially selected to participate in the operation of the logical OR. For example, the 

logical OR may be performed on the grid matrix and the left shifted grid matrix first to 

obtain a first operation result, the logical OR may be performed on the first operation 
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result and the right shifted grid matrix to obtain a second operation result, the logical OR 

may be performed on the second operation result and the up shifted grid matrix to obtain 

a third operation result, and then the logical OR may be performed on the third operation 

result and the down shifted grid matrix, so as to obtain a sparse matrix after the first 

dilating processing operation.

[ 00134] It is to be noted that the abovementioned selection order related to a shifted

grid matrix is only a specific example. In actual application, it can also be selected in 

combination with other manners. Considering the symmetry of a shifting operation, a 

logical OR operation may be performed after the up shift and the down shift are selected 

and paired, and a logical operation may be performed after the left shift and the right shift

are paired. Two logical OR operations may be performed synchronously, which shortens 

the calculation time.

[ 00135] Second, in the embodiments of the present disclosure, the dilating processing 

operation may be realized in combination with convolution and twice negation 

processing, which may be specifically implemented by the following operations.

[ 00136] At S1, a first negation operation is performed on the elements in the grid 

matrix before the current dilating processing operation, so as to obtain a grid matrix after 

the first negation operation.

[ 00137] At S2, at least one convolution operation is performed on the grid matrix after 

the first negation operation based on a first preset convolution kernel, so as to obtain the 

grid matrix with preset sparsity after the at least one convolution operation performed. 

The preset sparsity is determined by the size information of the target to be detected in a 

target scenario.

[ 00138] At S3, a second negation operation is performed on the elements in the grid 

matrix with the preset sparsity after the at least one convolution operation.

[ 00139] In the embodiments of the present disclosure, the dilating processing operation 

may be realized by performing convolution after negation and performing negation again 

after convolution. The obtained sparse matrix may also represent information related to

the target to be detected to a certain extent. In addition, considering that the 
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abovementioned convolution operation may be automatically combined with the 

convolutional neural network used in performing a subsequent application, such as target 

detection, the detection efficiency can be improved to a certain extent.

[ 00140] In the embodiments of the present disclosure, the negation operation may be 

implemented based on the convolution operation, and may also be implemented based on

other convolution operation manners. In order to facilitate cooperation with subsequent 

application networks (such as a convolutional neural network for the target detection), 

herein, the negation operation may be implemented specifically using the convolution 

operation. Next, the first negation operation will be described in detail.

[ 00141] Here, the convolution operation may be performed on other elements, other 

than the target element, in the grid matrix before the current dilating processing operation

based on a second preset convolution kernel, so as to obtain first negated elements. The 

convolution operation may also be performed on the target elements in the grid matrix 

before the current dilating processing operation based on the second preset convolution 

kernel, so as to obtain second negated elements. The grid matrix after the first negation 

operation may be determined based on the first negated elements and second negated 

elements.

[ 00142] An implementation process related to the second negation operation may refer 

to an implementation process of the first negation operation, which will not be elaborated 

here.

[ 00143] In the embodiment of the present disclosure, the at least one convolution 

operation may be performed on the grid matrix after the first negation operation by using 

a first preset convolution kernel, so as to obtain a grid matrix with preset sparsity. If the 

dilating processing operation may be used as a means to expand the number of the target 

elements in the grid matrix, then the abovementioned convolution operation may be 

regarded as a process to reduce the number of the target elements in the grid matrix 

(corresponding to the eroding processing operation). Since the convolution operation in 

the embodiment of the present disclosure is performed on the grid matrix after the first 

negation operation, an equivalent operation equivalent to the abovementioned dilating 

processing operation is realized by combining the negation operation and the eroding 
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processing operation, and then performing the negation operation again.

[ 00144] For the first convolution operation, the convolution operation is performed on 

the grid matrix after the first negated operation and the first preset convolution kernel, so 

as to obtain a grid matrix after the first convolution operation. After it is determined that 

the sparsity of the grid matrix after the first convolution operation does not reach a preset 

sparsity, the convolution operation may be performed on the grid matrix after the first 

convolution operation and the first preset convolution kernel again, so as to obtain a 

matrix grid after a second convolution operation, and so on, until a grid matrix with 

preset sparsity is determined.

[ 00145] The sparsity may be determined based on the proportion distribution of target 

elements and non-target elements in the grid matrix. The more the proportion of target 

elements is, the larger the size information of the target to be detected correspondingly 

represented by the target elements. On the contrary, the less the proportion of target 

elements is, the smaller the size information of the target to be detected correspondingly 

represented by the target elements. In the embodiment of the present disclosure, the 

convolution operation may be stopped when the proportion distribution reaches the preset 

sparsity.

[ 00146] In the embodiments of the present disclosure, the convolution operation may 

be performed for one or more times. Here, the specific operation process of the first 

convolution operation may be described, and includes the following operations.

[ 00147] At S1, for the first convolution operation, all grid sub-matrixes are selected 

from the grid matrix after the first negation operation according to the size of the first 

preset convolution kernel and a preset step size.

[ 00148] At S2, for each grid sub-matrix which is selected, the grid sub-matrix and a 

weight matrix are multiplied to obtain a first operation result, and an addition operation is 

performed on the first operation result and an offset to obtain a second operation result.

[ 00149] At S3, the grid matrix after the first convolution operation is determined based 

on the second operation results corresponding to all grid sub-matrixes.
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[ 00150] Here, the grid matrix after the first negation operation may be traversed by a 

traversing manner. For each grid sub-matrix which is traversed, the grid sub-matrix and 

the weight matrix may be multiplied, so as to obtain the first operation result. The 

addition operation may be performed on the first operation result and the offset, so as to 

obtain the second operation result. Thus, the second operation results corresponding to 

various grid sub-matrices are combined into the respective matrix elements, so that the 

grid matrix after the first convolution operation may be obtained.

[ 00151] In order to facilitating the understanding of the abovementioned dilating 

processing operation, the dilating processing operation is still illustrated in combination 

with FIG. 5A to FIG. 5B by taking the coded grid matrix shown in FIG. 3C as an 

example.

[ 00152] Here, the first negation operation may be implemented by using a 1*1 

convolution kernel (i.e., the second preset convolution kernel). The weight value of the 

second convolution kernel is -1, the offset is 1, at this time, the weight value and the 

offset are substituted into a convolution formula of {output = input grid matrix * weight 

+ offset}. If the input is a target element having a value of 1 in the grid matrix, then the 

output=1*-1+1=0. If the input is a non-target element having a value of 0 in the grid 

matrix, then the output=0*-1+1=1. Thus, after the 1*1 convolution kernel acts on the 

input, the zero-one matrix may be negated, the element value 0 becomes 1, the element 

value 1 becomes 0, as shown in FIG. 5A.

[ 00153] In actual application, the eroding processing operation may be implemented by 

using a 3*3 convolution kernel (i.e., the first preset convolution kernel) and a Rectified 

Linear Unit (ReLU). Each weight value included in a weight value matrix of the first 

preset convolution kernel is 1 and the offset is 8, so that the eroding processing operation 

may be implemented by using a formula {output = ReLU (inputted grid matrix after first 

negation operation * weight + offset)}.

[ 00154] Here, only in the case that all elements in the inputted 3*3 grid sub-matrix are 

1, output = ReLU (9-8) = 1. Otherwise, Output = ReLU (inputted grid matrix * 1-8) = 0, 

herein, the (inputted grid matrix * 1-8) <0, the grid matrix after the convolution operation 

is shown in FIG. 5B.
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[ 00155] Here, an eroding operation may be superimposed once when a layer of 

convolutional network with the second preset convolution kernel is nested very time, so 

that the grid matrix with fixed sparsity may be obtained. A second negation operation 

may be equivalent to one dilating processing operation, so that the generation of the 

sparse matrix may be realized.

[ 00156] In a second aspect: in the case that the sparse processing operation is an 

eroding processing operation, the embodiment of the present disclosure may be 

implemented in combination with shift processing and a logical operation, or may also be 

implemented based on the convolution operation.

[ 00157] First, in the embodiment of the present disclosure, the eroding processing 

operation may be performed one or more times based on performing the shift processing 

and a logical AND operation for at least one time. In a specific implementation process, a 

specific number of times for performing the eroding processing operations may be 

determined in combination with the size information of the target to be detected in the 

target scenario.

[ 00158] Similar to implementing the dilating processing based on the shift processing 

and the logical OR operation in the first aspect, in a process of performing an eroding 

processing operation, the shift processing may be performed on the grid matrix firstly.

Different from the abovementioned dilating processing, the logical operation here may be 

the logical AND operation for the shifted grid matrix. With respect to the process of 

implementing the eroding processing operation based on the shift processing and the 

logical AND operation, specific reference is made to the abovementioned description and 

will not be elaborated here.

[ 00159] In a similar way, in the embodiment of the present disclosure, the eroding 

processing operation may be four-neighborhood erosion taking a target element as a 

center, may also be eight-neighborhood dilating taking the target element as the center, or

may also be other neighborhood processing operation manners. In a specific application, 

a respective neighborhood processing operation manner may be selected based on the 

size information of the target to be detected, which is not limited specifically here.
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[ 00160] Second, in the embodiment of the present disclosure, the eroding processing 

operation may be realized in combination with convolution processing, which may be 

specifically implemented by the following operations.

[ 00161] At S1, at least one convolution operation is performed on a grid matrix based 

on a third preset convolution kernel, so as to obtain the grid matrix with preset sparsity 

after the at least one convolution operation. The preset sparsity is determined by the size

information of the target to be detected in a target scenario.

[ 00162] At S2, the grid matrix with the preset sparsity after the at least one convolution 

operation is determined as a sparse matrix corresponding to the target to be detected.

[ 00163] The convolution operation may be regarded as a process of reducing the 

number of target elements in the grid matrix, i.e., an eroding processing process. For the 

first convolution operation, the convolution operation is performed on the grid matrix and 

the first preset convolution kernel, so as to obtain a grid matrix after the first convolution 

operation. After it is determined that the sparsity of the grid matrix after the first 

convolution operation does not reach a preset sparsity, the convolution operation may be 

performed on the grid matrix after the first convolution operation and the third preset 

convolution kernel again, so as to obtain a matrix grid after a second convolution 

operation, and so on, until a grid matrix with preset sparsity is determined, so as to obtain 

the sparse matrix corresponding to the target to be detected.

[ 00164] The convolution operation in the embodiment of the present embodiment may 

be performed for one or more times. With regard to a specific process of the convolution 

operation, reference is made to the related description for implementing the dilating 

processing based on the convolution and negation in the first aspect, and will not be 

elaborated here.

[ 00165] It is to be noted that, in specific application, the generation of the sparse matrix 

may be implemented by using convolutional neural networks with different data 

processing bit widths. For example, 4 bits may be used to represent the input and the 

output parameters of the network and parameters used in calculation, such as, element

values (0 or 1) of the grid matrix, the weight value, the offset, etc. In addition, 8 bits may 
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also be used to represent, so as to adapt to the network processing bit width and improve 

the operation efficiency.

[ 00166] In a specific application of the target detection method provided by the 

embodiment of the embodiment of the present disclosure, the radar apparatus may be 

arranged on intelligent devices, such as an intelligent vehicle, an intelligent lamp post, 

and a robot. In the case that the same target is detected in two adjacent frames of point 

cloud data scanned by the radar apparatus, if the same target displaces L relatively, the 

time when the target appears in the first frame is t1, and the time when the target appears 

in the second frame is t2, then t2-t1 is equal to a fixed interval T between two frames in a 

related technology, thus, the speed of the target is L/T. The t2-t1 determined by the 

method provided by the embodiments of the present disclosure reflects a time interval 

when a real target is scanned, the range is between [0, 2T], and the target speed 

determined by using the real scanning time interval is also more accurate.

[ 00167] It can be known from the speed determination formula that the higher the 

speed is, the larger the corresponding relative displacement is. If the speed of the target 

cannot be determined very accurately, then the intelligent device may not cope well with 

the changes caused by relative displacement. In order to solve such a problem, the 

embodiments of the present disclosure provide a method for accurately determining 

scanning time information of a target. Thus, more accurate speed estimation may be 

brought, and the intelligent device is controlled to make a more reasonable determination

in combination with the speed information of the intelligent device itself, for example, 

whether an emergency brake is required, whether an overtaking is possible, etc.

[ 00168] In a multi-target tracking algorithm, each detection target in the current frame 

of point cloud data are matched with all trajectories of historical frames to acquire a 

matching similarity, so as to determine which trajectory in the history the detection target 

belongs to. During matching, because the target may be moving, moving compensation

may be performed on a historical trajectory. A compensation manner may be based on the 

position and speed of the target in the historical trajectory, and then the position of a

target in the current frame may be predicted. Here, the accurate timestamp will make the 

determined speed more accurate, and then the predicted position of the target in the 
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current frame more accurate. Thus, even if multi-target tracking is performed, the 

tracking based on an accurate predicted position will greatly reduce the failure rate of 

target tracking.

[ 00169] In addition, the target detection method provided by the embodiment of the 

present disclosure may also be used to predict a movement trajectory of the target to be 

detected in a future time period based on moving speed information and historical 

movement trajectory information of the target to be detected. In a specific application, 

the trajectory prediction may also be implemented by using a machine learning method 

or other trajectory prediction methods. For example, the moving speed information and 

the historical movement trajectory information of the target to be detected may be input 

into a trained neural network, so as to obtain the predicted movement trajectory in the 

future time period.

[ 00170] It can be understood by those skilled in the art that, in the above-mentioned 

method of the specific implementation manners, the writing sequence of each step does 

not mean a strict execution sequence and is not intended to form any limitation to the 

implementation process and a specific execution sequence of each step should be 

determined by functions and probable internal logic thereof.

[ 00171] Based on the same inventive conception, the embodiments of the present 

disclosure further provide a target detection apparatus corresponding to the target 

detection method. The principle of the apparatus in the embodiments of the present 

disclosure for solving the problem is similar to the abovementioned target detection 

method of the embodiments of the present disclosure, so implementation of the apparatus 

may refer to implementation of the method. Repeated parts will not be elaborated.

[ 00172] Referring to FIG. 6, which is a schematic structural diagram of a target 

detection apparatus provided by the embodiment of the present disclosure. The apparatus 

includes: an information acquisition module 601, a position determination module 602, a 

detection angle determination module 603, and a target detection module 604.

[ 00173] The information acquisition module 601 is configured to acquire a plurality of 

frames of point cloud data obtained through scanning by a radar apparatus and time 
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information of each frame of point cloud data obtained through scanning.

[ 00174] The position determination module 602 is configured to determine position 

information of a target to be detected based on each frame of point cloud data.

[ 00175] The direction angle determination module 603 is configured to determine 

scanning direction angle information when the target to be detected is scanned by the 

radar apparatus in each frame of point cloud data based on the position information of the 

target to be detected in each frame of point cloud data.

[ 00176] The target detection module 604 is configured to determine moving 

information of the target to be detected according to the position information of the target 

to be detected in each frame of point cloud data, the scanning direction angle information 

when the target to be detected is scanned by the radar apparatus in each frame of point 

cloud data, and the time information of each frame of point cloud data obtained through 

scanning.

[ 00177] In an implementation, the target detection module 604 is configured to 

determine the moving information of the target to be detected according to the following 

operations.

[ 00178] The moving information of the target to be detected is determined according to 

the position information of the target to be detected in each frame of point cloud data, the 

scanning direction angle information when the target to be detected is scanned by the

radar apparatus in each frame of point cloud data, and scanning start and end time 

information and scanning start and end angle information corresponding to each frame of 

point cloud data.

[ 00179] In an implementation, the target detection module 604 is configured to 

determine the moving information of the target to be detected according to the following 

operations.

[ 00180] For each frame of point cloud data, the scanning time information when the 

target to be detected is scanned in the frame of point cloud data is determined based on

the scanning direction angle information when the target to be detected is scanned in the 
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frame of point cloud data and the scanning start and end time information and the 

scanning start and end angle information corresponding to the frame of point cloud data.

[ 00181] Displacement information of the target to be detected is determined based on

position information of the target to be detected in the plurality of frames of point cloud 

data.

[ 00182] Moving speed information of the target to be detected is determined based on

the scanning time information when the target to be detected is scanned respectively in 

the plurality of frames of point cloud data and the displacement information of the target 

to be detected.

[ 00183] In an implementation, the target detection module 604 is configured to 

determine the scanning time information when the target to be detected is scanned in the 

frame of point cloud data according to the following operations.

[ 00184] For each frame of point cloud data, a first angle difference between a direction 

angle for the target to be detected and a scanning start angle is determined based on the 

scanning direction angle information when the target to be detected is scanned in the 

frame of point cloud data and the scanning start angle information in the scanning start 

and end angle information corresponding to the frame of point cloud data.

[ 00185] A second angle difference between a scanning end angle and a scanning start 

angle is determined based on scanning end angle information and the scanning start angle 

information in the scanning start and end angle information corresponding to the frame of 

point cloud data.

[ 00186] The time difference between the scanning end time information and the 

scanning start time information is determined based on the scanning end time 

information when the scanning of the frame of point cloud data is ended in the scanning 

start and end time information corresponding to the frame of point cloud data and the 

scanning start time information when the scanning of the frame of point cloud data is 

started in the scanning start and end time information corresponding to the frame of point 

cloud data.
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[ 00187] The scanning time information when the target to be detected is scanned in the 

frame of point cloud data is determined based on the first angle difference, the second 

angle difference, the time difference, and the scanning start time information.

[ 00188] In an implementation, the apparatus further includes a device control module 

605.

[ 00189] The device control module 605 is configured to control, based on the moving 

speed information of the target to be detected and the speed information of an intelligent 

device provided with a radar apparatus, the intelligent device.

[ 00190] In an implementation, the apparatus further includes a trajectory prediction 

module 606.

[ 00191] The trajectory prediction module 606 is configured to predict a movement 

trajectory of the target to be detected in a future time period based on the moving speed 

information and historical movement trajectory information of the target to be detected.

[ 00192] In an implementation, the position determination module 602 is configured to 

determine the position information of the target to be detected based on each frame of 

point cloud data according to the following operations.

[ 00193] Gridding processing is performed on each frame of point cloud data to obtain a 

grid matrix. A value of each element in the grid matrix is used to represent whether a 

point-cloud point exists in a grid corresponding to the element.

[ 00194] A sparse matrix corresponding to the target to be detected is generated 

according to the grid matrix and size information of the target to be detected.

[ 00195] The position information of the target to be detected is determined based on the 

generated sparse matrix.

[ 00196] In an implementation, the position determination module 602 is configured to 

generate the sparse matrix corresponding to the target to be detected based on the grid 

matrix and the size information of the target to be detected according to the following 

operations.
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[ 00197] At least one dilating processing operation or at least one eroding processing 

operation is performed on one or more target elements in the grid matrix according to the 

grid matrix and the size information of the target to be detected, to generate the sparse 

matrix corresponding to the target to be detected.

[ 00198] The target element represents an element that a point-cloud point exists in a

grid corresponding to the element.

[ 00199] In an implementation, the position determination module 602 is configured to 

generate the sparse matrix corresponding to the target to be detected according to the 

following operations.

[ 00200] At least one shift processing and at least one logical operation processing are

performed on the one or more target elements in the grid matrix to obtain the sparse 

matrix corresponding to the target to be detected. A difference value between a size of a 

coordinate range of the obtained sparse matrix and the size of the target to be detected is 

within a pre-set threshold range.

[ 00201] In an implementation, the position determination module 602 is configured to 

generate the sparse matrix corresponding to the target to be detected according to the 

following operations.

[ 00202] A first negation operation is performed on elements in the grid matrix before a

current dilating processing operation, to obtain a grid matrix after the first negation 

operation.

[ 00203] At least one convolution operation is performed on the grid matrix after the 

first negation operation based on a first preset convolution kernel, so as to obtain a grid 

matrix with preset sparsity after the at least one convolution operation. The preset 

sparsity is determined by the size information of the target to be detected.

[ 00204] A second negation operation is performed on elements in the grid matrix with 

the preset sparsity after the at least one convolution operation, to obtain the sparse 

matrix.
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[ 00205] In an implementation, the position determination module 602 is configured to 

perform a first negation operation on the elements in the grid matrix before the current 

dilating processing operation to obtain the grid matrix after the first negation operation 

according to the following operations.

[ 00206] A convolution operation is performed on other elements, other than the one or 

more target elements, in the grid matrix before the current dilating processing operation

based on a second preset convolution kernel, to obtain one or more first negated 

elements. A convolution operation is performed on the one or more target elements in the 

grid matrix before the current dilating processing operation based on the second preset 

convolution kernel, to obtain one or more second negated elements.

[ 00207] The grid matrix after the first negation operation is obtained based on the one 

or more first negated elements and the one or more second negated elements.

[ 00208] In an implementation, the position determination module 602 is configured to 

perform the at least one convolution operation on the grid matrix after the first negation 

operation based on the first preset convolution kernel to obtain the grid matrix with the 

preset sparsity after the at least one convolution operation according to the following 

operations.

[ 00209] For a first convolution operation, a convolution operation is performed on the 

grid matrix after the first negation operation and the first preset convolution kernel, to 

obtain a grid matrix after the first convolution operation.

[ 00210] Whether sparsity of the grid matrix after the first convolution operation reaches 

the preset sparsity is determined.

[ 00211] If not, the operation of performing the convolution operation on a grid matrix 

after a last convolution operation and the first preset convolution kernel to obtain the grid 

matrix after a current convolution operation is executed repeatedly, until the grid matrix 

with the preset sparsity after the at least one convolution operation is obtained.

[ 00212] In an implementation, the first preset convolution kernel has a weight matrix 

and an offset corresponding to the weight matrix. The position determination module 602 
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is configured to perform, for the first convolution operation, the convolution operation on 

the grid matrix after the first negation operation and the first preset convolution kernel, to 

obtain the grid matrix after the first convolution operation according to the following 

operations.

[ 00213] For the first convolution operation, all grid sub-matrixes are selected from the 

grid matrix after the first negation operation according to a size of the first preset 

convolution kernel and a preset step size.

[ 00214] For each grid sub-matrix which is selected, the grid sub-matrix and a weight 

matrix are multiplied to obtain a first operation result, and an addition operation is 

performed the first operation result and the offset to obtain a second operation result.

[ 00215] The grid matrix after the first convolution operation is determined based on

second operation results corresponding to all the grid sub-matrixes.

[ 00216] In an implementation, the position determination module 602 is configured to 

perform the at least one eroding processing operation on the one or more elements in the 

grid matrix based on the grid matrix and the size information of the target to be detected,

to generate a sparse matrix corresponding to the target to be detected according to the 

following operations.

[ 00217] At least one convolution operation is performed on the grid matrix to be 

processed based on a third preset convolution kernel, to obtain a grid matrix with preset 

sparsity after the at least one convolution operation. The preset sparsity is determined by 

the size information of the target to be detected.

[ 00218] The grid matrix with the preset sparsity after the at least one convolution 

operation is determined as the sparse matrix corresponding to the target to be detected.

[ 00219] In an implementation, the position determination module 602 is configured to 

determine the position information of the target to be detected based on the generated 

sparse matrix according to the following steps.

[ 00220] Gridding processing is performed on each frame of point cloud data, to obtain 
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a grid matrix and corresponding relationships between elements in the grid matrix and 

coordinate range information of point-cloud points.

[ 00221] Coordinate information corresponding to each target element in the generated 

sparse matrix is determined based on the corresponding relationships between elements

in the grid matrix and coordinate range information of point-cloud points.

[ 00222] The position information of the target to be detected is determined by 

combining coordinate information corresponding to all target elements in the sparse 

matrix.

[ 00223] In an implementation, the position determination module 602 is configured to 

determine the position information of the target to be detected based on the generated 

sparse matrix according to the following operations.

[ 00224] At least one convolution processing is performed on each target element in the 

generated sparse matrix based on a trained convolutional neural network, to obtain a 

convolution result.

[ 00225] The position information of the target to be detected is determined based on the 

convolution result.

[ 00226] The embodiments of the present disclosure further provide an electronic 

device. As shown in FIG. 7 which is a schematic structural diagram of the electronic 

device provided by the embodiments of the present disclosure, the electronic device 

includes a processor 701, a memory 702, and a bus 703. The memory 702 stores a 

machine-readable instruction executable for the processor 701 (such as, the instructions 

correspondingly executed by the information acquisition module 601, the position 

determination module 602, the detection angle determination module 603, and the target 

detection module 604 in the target detection apparatus as shown in FIG. 6). When the 

electronic device runs, the processor 701 communicates with the memory 702 through 

the bus 703. The machine-readable instruction, when being executed by the processor 

701, executes the following processing that: a plurality of frames of point cloud data 

obtained through scanning by a radar apparatus and time information of each frame of 

point cloud data obtained through scanning are acquired; position information of a target 
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to be detected is determined based on each frame of point cloud data; scanning direction 

angle information when the target to be detected is scanned by the radar apparatus in 

each frame of point cloud data is determined based on the position information of the 

target to be detected in each frame of point cloud data; and moving information of the 

target to be detected is determined according to the position information of the target to 

be detected in each frame of point cloud data, the scanning direction angle information 

when the target to be detected is scanned by the radar apparatus in each frame of point 

cloud data, and the time information of each frame of point cloud data obtained through 

scanning.

[ 00227] The embodiments of the present disclosure further provide a computer-

readable storage medium having a computer program stored thereon. The computer 

program is run by the processor to execute the steps of the target detection method in the 

abovementioned method embodiments. The computer-readable storage medium may be a 

nonvolatile or volatile computer readable storage medium.

[ 00228] A computer program product of the target detection method provided in the 

embodiments of the present disclosure includes a computer-readable storage medium

having a program code stored thereon. An instruction included in the program code may 

be used to execute the steps of the target detection method as described in the 

abovementioned method embodiments. References may specifically be made to the 

abovementioned method embodiments and will not be elaborated here.

[ 00229] The embodiments of the present disclosure further provide a computer 

program. The computer program, when being executed by the processor, implements any 

method in the foregoing embodiments. The computer program product may be 

specifically realized by means of hardware, software or a combination thereof. In an 

optional embodiment, the computer program product is specifically embodied as a 

computer storage medium. In another optional embodiment, the computer program 

product is specifically embodied as software products, such as a Software Development 

Kit (SDK).

[ 00230] Those skilled in the art may clearly learn about that specific operating 

processes of the system and apparatus described above may refer to the corresponding 
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processes in the method embodiment and will not be elaborated herein for convenient 

and brief description. In the several embodiments provided in the present disclosure, it 

should be understood that the disclosed system, apparatus, and method may be 

implemented in other manners. The apparatus embodiment described above is only 

schematic, and for example, division of the units is only logic function division, and 

other division manners may be adopted during practical implementation. For another 

example, a plurality of units or components may be combined or integrated into another 

system, or some characteristics may be neglected or not executed. In addition, the 

illustrated or discussed mutual couplings or direct couplings or communication 

connections may be implemented through some communications interfaces. The indirect 

couplings or communication connections between the apparatuses or modules may be 

implemented in electrical, mechanical, or other forms.

[ 00231] The units described as separate parts may or may not be physically separated, 

and parts illustrated as units may or may not be physical units, and namely may be 

located in the same place, or may also be distributed to multiple network units. Part or all 

of the units may be selected to achieve the purpose of the solutions of the embodiments 

according to a practical requirement.

[ 00232] In addition, functional units in various embodiments of the present disclosure 

may be integrated into a processing unit, each unit may also physically exist 

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

[ 00233] The function, when being realized in form of software functional unit and sold 

or used as an independent product, may be stored in a non-volatile computer-readable 

storage medium executable for the processor. Based on such an understanding, the 

technical solutions of the present disclosure substantially or parts making contributions to 

the conventional art or part of the technical solutions may be embodied in form of 

software product, and the computer software product is stored in a storage medium, 

including a plurality of instructions configured to enable a computer device (which may 

be a personal computer, a server, a network device, or the like) to execute all or part of 

the steps of the method in each embodiment of the present disclosure. The foregoing 

storage medium includes: various media capable of storing program codes, such as a 
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USB flash disc, a mobile hard disc, a Read-Only Memory (ROM), a Random Access 

Memory (RAM), a magnetic disc, or a compact disc.

[ 00234] It is finally to be noted that the above embodiments are only the specific 

implementations of the present disclosure and are adopted not to limit the present 

disclosure but to describe the technical solutions of the present disclosure. The scope of 

protection of the present disclosure is not limited thereto. Although the present disclosure 

is described with reference to the embodiments in detail, those of ordinary skill in the art 

should know that those skilled in the art may still make modifications or apparent 

variations to the technical solutions recorded in the embodiments or make equivalent 

replacements to part of technical features within the technical scope disclosed in the 

present disclosure, and these modifications, variations, or replacements do not make the 

essence of the corresponding technical solutions departs from the spirit and scope of the 

technical solutions of the embodiments of the present disclosure and shall fall within the 

scope of protection of the present disclosure. Therefore, the scope of protection of the 

present disclosure shall be subject to the scope of protection of the claims.

INDUSTRIAL APPLICABILITY

[ 00235] The embodiments of the present disclosure disclose a target detection method 

and apparatus, an electronic device, and a storage medium. The target detection method 

includes that: a plurality of frames of point cloud data obtained through scanning by a 

radar apparatus and time information of each frame of point cloud data obtained through 

scanning are acquired; position information of a target to be detected is determined based 

on each frame of point cloud data; scanning direction angle information when the target 

to be detected is scanned by the radar apparatus in each frame of point cloud data is

determined based on the position information of the target to be detected in each frame of 

point cloud data; and moving information of the target to be detected is determined 

according to the position information of the target to be detected in each frame of point 

cloud data, the scanning direction angle information when the target to be detected is 

scanned by the radar apparatus in each frame of point cloud data, and the time 

information of each frame of point cloud data obtained through scanning. In the 
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abovementioned solution, the moving information of the target is determined in 

combination with the time information of each frame of point cloud data obtained 

through scanning and information related to a target to be detected in each frame of point 

cloud data, the accuracy is high.
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CLAIMS

1. A target detection method, comprising:

acquiring a plurality of frames of point cloud data obtained through scanning by a 

radar apparatus and time information of each frame of point cloud data obtained through 

scanning;

determining position information of a target to be detected based on each frame of 

point cloud data;

determining scanning direction angle information when the target to be detected is 

scanned by the radar apparatus in each frame of point cloud data based on the position 

information of the target to be detected in each frame of point cloud data; and

determining moving information of the target to be detected according to the position 

information of the target to be detected in each frame of point cloud data, the scanning 

direction angle information when the target to be detected is scanned by the radar apparatus in 

each frame of point cloud data, and the time information of each frame of point cloud data 

obtained through scanning.

2. The method of claim 1, wherein the time information of each frame of point cloud data 

obtained through scanning comprises scanning start and end time information and scanning 

start and end angle information corresponding to each frame of point cloud data, and wherein

determining the moving information of the target to be detected according to the position 

information of the target to be detected in each frame of point cloud data, the scanning 

direction angle information when the target to be detected is scanned by the radar apparatus in 

each frame of point cloud data, and the time information of each frame of point cloud data 

obtained through scanning comprises:

determining the moving information of the target to be detected according to the 

position information of the target to be detected in each frame of point cloud data, the 
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scanning direction angle information when the target to be detected is scanned by the radar 

apparatus in each frame of point cloud data, and the scanning start and end time information 

and the scanning start and end angle information corresponding to each frame of point cloud 

data.

3. The method of claim 2, wherein determining the moving information of the target to be 

detected according to the position information of the target to be detected in each frame of 

point cloud data, the scanning direction angle information when the target to be detected is 

scanned by the radar apparatus in each frame of point cloud data, and the scanning start and 

end time information and the scanning start and end angle information corresponding to each 

frame of point cloud data comprises:

for each frame of point cloud data, determining scanning time information when the 

target to be detected is scanned in the frame of point cloud data based on the scanning 

direction angle information when the target to be detected is scanned in the frame of point 

cloud data, and the scanning start and end time information and the scanning start and end

angle information corresponding to the frame of point cloud data;

determining displacement information of the target to be detected based on the 

position information of the target to be detected in the plurality of frames of point cloud data; 

and

determining moving speed information of the target to be detected based on scanning 

time information when the target to be detected is scanned respectively in the plurality of 

frames of point cloud data and the displacement information of the target to be detected.

4. The method of claim 3, wherein for each frame of point cloud data, determining the 

scanning time information when the target to be detected is scanned in the frame of point 

cloud data based on the scanning direction angle information when the target to be detected is 

scanned in the frame of point cloud data, and the scanning start and end time information and 

the scanning start and end angle information corresponding to the frame of point cloud data 
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comprises:

for each frame of point cloud data,

determining a first angle difference between a direction angle for the target to be 

detected and a scanning start angle based on the scanning direction angle information when 

the target to be detected is scanned in the frame of point cloud data and scanning start angle 

information in the scanning start and end angle information corresponding to the frame of 

point cloud data;

determining a second angle difference between a scanning end angle and a scanning

start angle based on the scanning start angle information and scanning end angle information

in the scanning start and end angle information corresponding to the frame of point cloud data;

determining, based on scanning end time information when scanning of the frame of 

point cloud data is ended in the scanning start and end time information corresponding to the 

frame of point cloud data and scanning start time information when the scanning of the frame 

of point cloud data is started in the scanning start and end time information corresponding to 

the frame of point cloud data, a time difference between the scanning end time information 

and the scanning start time information; and

determining the scanning time information when the target to be detected is scanned in 

the frame of point cloud data based on the first angle difference, the second angle difference, 

the time difference, and the scanning start time information.

5. The method of claim 3 or 4, further comprising:

controlling, based on the moving speed information of the target to be detected and 

speed information of an intelligent device provided with the radar apparatus, the intelligent 

device.

6. The method of any one of claims 1 to 5, further comprising:
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predicting a movement trajectory of the target to be detected in a future time period 

based on the moving information and historical movement trajectory information of the target 

to be detected.

7. The method of any one of claims 1 to 6, wherein determining the position information of 

the target to be detected based on each frame of point cloud data comprises:

performing gridding processing on each frame of point cloud data to obtain a grid 

matrix, wherein a value of each element in the grid matrix is used to represent whether a 

point-cloud point exists in a grid corresponding to the element;

generating a sparse matrix corresponding to the target to be detected according to the 

grid matrix and size information of the target to be detected; and

determining the position information of the target to be detected based on the 

generated sparse matrix.

8. The method of claim 7, wherein generating the sparse matrix corresponding to the target to 

be detected according to the grid matrix and the size information of the target to be detected 

comprises:

performing, according to the grid matrix and the size information of the target 

grabbing to be detected, at least one dilating processing operation or at least one eroding 

processing operation on one or more target elements in the grid matrix, to generate the sparse 

matrix corresponding to the target to be detected, wherein

the target element represents an element that a point-cloud point exists in a grid

corresponding to the element.

9. The method of claim 8, wherein performing, according to the grid matrix and the size 

information of the target to be detected, the at least one dilating processing operation or the at 
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least one eroding processing operation on the one or more target elements in the grid matrix,

to generate the sparse matrix corresponding to the target to be detected comprises:

performing at least one shift processing and at least one logical operation processing 

on the one or more target elements in the grid matrix to obtain the sparse matrix 

corresponding to the target to be detected, wherein a difference value between a size of a 

coordinate range of the obtained sparse matrix and the size of the target to be detected is 

within a pre-set threshold range.

10. The method of claim 8, wherein performing, according to the grid matrix and the size 

information of the target to be detected, at least one dilating processing operation on the one 

or more target elements in the grid matrix, to generate the sparse matrix corresponding to the 

target to be detected comprises:

performing a first negation operation on elements in a grid matrix before a current 

dilating processing operation, to obtain a grid matrix after the first negation operation;

performing at least one convolution operation on the grid matrix after the first 

negation operation based on a first preset convolution kernel, to obtain a grid matrix with 

preset sparsity after the at least one convolution operation, wherein the preset sparsity is 

determined by the size information of the target to be detected; and

performing a second negation operation on elements in the grid matrix with the preset 

sparsity after the at least one convolution operation, to obtain the sparse matrix.

11. The method of claim 10, wherein performing the first negation operation on the elements 

in the grid matrix before the current dilating processing operation, to obtain the grid matrix 

after the first negation operation comprises:

performing a convolution operation on one or more other elements, other than the one 

or more target elements, in the grid matrix before the current dilating processing operation

based on a second preset convolution kernel, to obtain one or more first negated elements, and 

50



performing a convolution operation on the one or more target elements in the grid 

matrix before the current dilating processing operation based on the second preset convolution 

kernel, to obtain one or more second negated elements; and

obtaining the grid matrix after the first negation operation based on the one or more 

first negated elements and the one or more second negated elements.

12. The method of claim 10 to 11, wherein the performing the at least one convolution 

operation on the grid matrix after the first negation operation based on the first preset 

convolution kernel, to obtain the grid matrix with the preset sparsity after the at least one 

convolution operation comprises:

performing, for a first convolution operation, a convolution operation on the grid 

matrix after the first negation operation and the first preset convolution kernel, to obtain a grid 

matrix after the first convolution operation;

determining whether sparsity of the grid matrix after the first convolution operation 

reaches the preset sparsity; and

if not, repeatedly executing the operation of performing the convolution operation on a

grid matrix after a last convolution operation and the first preset convolution kernel to obtain 

a grid matrix after a current convolution operation, until the grid matrix with the preset 

sparsity after the at least one convolution operation is obtained.

13. The method of claim 12, wherein the first preset convolution kernel has a weight matrix 

and an offset corresponding to the weight matrix, and the performing, for the first convolution 

operation, the convolution operation on the grid matrix after the first negation operation and 

the first preset convolution kernel, to obtain the grid matrix after the first convolution 

operation comprises:

for the first convolution operation, selecting all grid sub-matrixes from the grid matrix 

after the first negation operation according to a size of the first preset convolution kernel and 
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a preset step size;

for each grid sub-matrix which is selected, multiplying the grid sub-matrix and the

weight matrix to obtain a first operation result, and performing an addition operation on the 

first operation result and the offset to obtain a second operation result; and

determining the grid matrix after the first convolution operation based on second 

operation results corresponding to all the grid sub-matrixes.

14. The method of claim 7, wherein performing, according to the grid matrix and the size 

information of the target to be detected, the at least one eroding processing operation on the

one or more target elements in the grid matrix, to generate the sparse matrix corresponding to 

the target to be detected comprises:

performing at least one convolution operation on the grid matrix to be processed based 

on a third preset convolution kernel, to obtain a grid matrix with preset sparsity after the at 

least one convolution operation, wherein the preset sparsity is determined by the size 

information of the target to be detected; and

determining the grid matrix with the preset sparsity after the at least one convolution 

operation as the sparse matrix corresponding to the target to be detected.

15. The method of any one of claims 7 to 14, wherein the performing the gridding processing 

on each frame of point cloud data to obtain the grid matrix comprises:

performing the gridding processing on each frame of point cloud data, to obtain the

grid matrix and corresponding relationships between elements in the grid matrix and 

coordinate range information of point-cloud points;

determining the position information of the target to be detected based on the 

generated sparse matrix comprises:

determining coordinate information corresponding to each target element in the 
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generated sparse matrix based on the corresponding relationships between elements in the 

grid matrix and coordinate range information of point-cloud points; and

combining coordinate information corresponding to all target elements in the sparse 

matrix to determine the position information of the target to be detected.

16. The method of any one of claims 7 to 14, wherein determining the position information of 

the target to be detected based on the generated sparse matrix comprises:

performing at least one convolution processing on each target element in the generated 

sparse matrix based on a trained convolutional neural network, to obtain a convolution result; 

and

determining the position information of the target to be detected based on the 

convolution result.

17. A target detection apparatus, comprising:

an information acquisition module, configured to acquire a plurality of frames of point 

cloud data obtained through scanning by a radar apparatus and time information of each frame 

of point cloud data obtained through scanning;

a position determination module, configured to determine position information of a 

target to be detected based on each frame of point cloud data;

a direction angle determination module, configured to determine scanning direction 

angle information when the target to be detected is scanned by the radar apparatus in each 

frame of point cloud data based on the position information of the target to be detected in each 

frame of point cloud data; and

a target detection module, configured to determine the moving information of the 

target to be detected according to the position information of the target to be detected in each 

frame of point cloud data, the scanning direction angle information when the target to be 
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detected is scanned by the radar apparatus in each frame of point cloud data, and the time 

information of each frame of point cloud data obtained through scanning.

18. An electronic device, comprising:

a processor;

a memory having a machine-readable instruction executable for the processor stored 

thereon; and 

a bus, wherein when the electronic device runs, the processor communicates with the 

memory through the bus and the machine-readable instruction, when being executed by the 

processor, executes operations of the target detection method of any one of claims 1 to 16.

19. A computer readable storage medium having a computer program stored thereon, wherein 

the computer program, when run by a processor, executes operations of the target detection 

method of any one of claims 1 to 16.
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