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(54) TRAFFIC ELEMENT OBSERVATION METHOD AND APPARATUS

(57) This application provides a traffic element ob- time; performing time synchronization processing and/or

servation method and a related device. The method in-
cludes: receiving a plurality of groups of first observation
data that are of a traffic element and that are sent by a
plurality of vehicles, where each of the plurality of vehicles
collects one of the plurality of groups of first observation
data, and the first observation data indicates a change
of a coordinate location of the traffic element with time
and/or a change of a speed of the traffic element with

space correction processing on the plurality of groups of
first observation data, to obtain a plurality of groups of
processed observation data; and determining, based on
the plurality of groups of processed observation data,
second observation data thatis of the traffic element and
that is observed by the plurality of vehicles. Therefore,
accuracy of obtained observation data of the traffic ele-
ment is improved.
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Description
TECHNICAL FIELD

[0001] This application relates to the field of autono-
mous driving, and more specifically, to a traffic element
observation method and apparatus.

BACKGROUND

[0002] Autonomous driving is a mainstream applica-
tion in the field of artificial intelligence. The autonomous
driving technology relies on collaboration of computer
vision, a radar, a monitoring apparatus, a global position-
ing system, and the like, to implement autonomous driv-
ing of a motor vehicle without human intervention. An
autonomous vehicle uses various computing systems to
assist in transporting passengers from one location to
another location. Some autonomous vehicles may re-
quire some initial or continuous input from operators
(such as navigators, drivers, or passengers). The auton-
omous vehicle allows the operator to switch from a man-
ual operation mode to an autonomous driving mode or a
mode between the manual operation mode and the au-
tonomous driving mode. Because the autonomous driv-
ing technology does not require a human to drive the
motor vehicle, driving errors caused by people can be
effectively avoided in theory, traffic accidents can be re-
duced, and road transportation efficiency can be im-
proved. Therefore, the autonomous driving technology
attracts increasing attention.

[0003] With development of autonomous driving tech-
nologies, functions such as vehicle path planning and
vehicle obstacle avoidance become increasingly impor-
tant, and these functions cannot be separated from a
basic technology of collecting observation data of a traffic
element. Currently, a solution in which a plurality of ve-
hicles cooperatively collect observation data of a traffic
element is usually used to improve accuracy of collected
observation data of the traffic element. To be specific,
the plurality of vehicles separately observe a same traffic
element, and send first observation data obtained after
respective observation to a cloud server, and then the
cloud server integrates the first observation data respec-
tively uploaded by the plurality of vehicles, to finally obtain
second observation data of the traffic element.

[0004] However, in the foregoing solution in which the
plurality of vehicles cooperatively collect the observation
data of the traffic element, because there is an error in
observation data collected by the vehicles, in a process
of integrating a plurality of groups of first observation da-
ta, the cloud server may identify a plurality of groups of
observation data of a same traffic element as observation
data of different traffic elements, or identify observation
data of different traffic elements as observation data of
a same traffic element. Consequently, the obtained sec-
ond observation data of the traffic element is inaccurate.
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SUMMARY

[0005] This application provides a traffic element ob-
servation method and apparatus, to improve accuracy of
obtained observation data of a traffic element.

[0006] According to a first aspect, a traffic element ob-
servation method is provided. The method includes: re-
ceiving a plurality of groups of first observation data that
are of a traffic element and that are sent by a plurality of
vehicles, where each of the plurality of vehicles collects
one of the plurality of groups of first observation data,
and the first observation data indicates a change of a
coordinate location of the traffic element with time and/or
a change of a speed of the traffic element with time; per-
forming time synchronization processing and/or space
correction processing on the plurality of groups of first
observation data, to obtain a plurality of groups of proc-
essed observation data; and determining, based on the
plurality of groups of processed observation data, second
observation data that is of the traffic element and that is
observed by the plurality of vehicles.

[0007] Inembodimentsofthis application, the time syn-
chronization processing and/or space correction
processing are/is performed on the plurality of groups of
first observation data to obtain the plurality of groups of
processed observation data, and the second observation
data that is of the traffic element and that is observed by
the plurality of vehicles is determined based on the plu-
rality of groups of processed observation data, to improve
accuracy of obtained observation data of the traffic ele-
ment. This avoids a problem in the conventional technol-
ogy in which obtained second observation data of the
traffic element is inaccurate because the second obser-
vation data of the traffic element is determined by directly
integrating a plurality of groups of first observation data.
[0008] In a possible implementation, if the first obser-
vation data indicates the change of a speed of the traffic
element with time, the performing time synchronization
processing on the first observation data that is of the traf-
fic element and that is sent by the plurality of vehicles,
to obtain a plurality of groups of processed observation
dataincludes: determining a time offset between the plu-
rality of groups of first observation data; and adjusting
each of the plurality of groups of first observation data
based on the time offset between the plurality of groups
of first observation data, to obtain the processed obser-
vation data, where time points of all groups of the proc-
essed observation data are synchronized.

[0009] In embodiments of this application, each of the
plurality of groups of first observation data is adjusted
based on the time offset between the plurality of groups
of first observation data, to obtain the processed obser-
vation data. The time points of all groups of the processed
observation data are synchronized, so that accuracy of
obtained observation data of the traffic element is im-
proved.

[0010] In a possible implementation, if the first obser-
vation data indicates the change of a coordinate location
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of the traffic element with time, the performing space cor-
rection processing on the plurality of groups of first ob-
servation data, to obtain a plurality of groups of processed
observation data includes: determining, in a preset co-
ordinate system, coordinates that are of the traffic ele-
ment at different time points and that are indicated by
each of the plurality of groups of first observation data;
and representing a coordinate value that is of the traffic
element and that is included in each preset coordinate
range in the coordinate system as a target coordinate
value corresponding to the coordinate range, to obtain
coordinates that are of the traffic element and that are in
each preset coordinate range in the coordinate system,
where the processed observation data includes the co-
ordinates that are of the traffic element and that are in
each preset coordinate range in the coordinate system.
[0011] In this embodiment of this application, the co-
ordinate value that is of the traffic element and that is
included in each preset coordinate range in the coordi-
nate system is represented as the target coordinate value
corresponding to the coordinate range, to obtain the co-
ordinates that are of the traffic element and that are in
each preset coordinate range in the coordinate system,
sothataccuracy of obtained observation data of the traffic
element is improved.

[0012] In a possible implementation, when the traffic
element is a target object, the first observation data in-
cludes atleast one of a type of the target object, a motion
status of the target object, a motion trail of the target
object, and a size of the target object.

[0013] In a possible implementation, when the target
object is a traffic signal light, the first observation data
further includes time serving information of the traffic sig-
nal light.

[0014] In a possible implementation, the plurality of
groups of first observation data are obtained after being
collected by an in-vehicle sensor in each of the plurality
of vehicles and processed by a multi-domain controller.
[0015] In embodiments of this application, the first ob-
servation data is collected by using the in-vehicle sensor,
and is processed by using the multi-domain controller,
to avoid adding an additional data collection apparatus
and data processing apparatus. This helps avoidincreas-
ing costs.

[0016] According to a second aspect, a traffic element
observation apparatus is provided. The apparatus may
be a computing device, or may be a chip in a computing
device.

[0017] The apparatus may include a processing unit
and a receiving unit. When the apparatus is the comput-
ing device, the processing unit may be a processor, and
the receiving unit may be a communications interface.
Optionally, the apparatus may further include a storage
unit. When the apparatus is the computing device, the
storage unit may be a memory. The storage unit is con-
figured to store instructions, and the processing unit ex-
ecutes the instructions stored in the storage unit, so that
the computing device performs the method according to
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the first aspect.

[0018] When the apparatus is the chip in a computing
device, the processing unit may be a processor, and the
receiving unit may be an input/output interface, a pin, a
circuit, or the like. The processing unit executes the in-
structions stored in the storage unit, so thatthe computing
device performs the method according to the first aspect.
[0019] Optionally, the storage unit may be a storage
unit (for example, a register or a cache) in the chip, or
may be a storage unit (for example, a read-only memory
or a random access memory) that is located in the com-
puting device and that is located outside the chip.
[0020] That the memory is coupled to the processor
may be understood as that the memory is located in the
processor, or the memory is located outside the proces-
sor, so that the memory is independent of the processor.
[0021] Accordingtoathirdaspect, acomputer program
product is provided, where the computer program prod-
uct includes computer program code. When the compu-
ter program code is run on a computer, the computer is
enabled to perform the method according to the foregoing
aspects.

[0022] It should be noted that all or a part of the fore-
going computer program code may be stored on a first
storage medium. The first storage medium may be en-
capsulated together with a processor, or may be encap-
sulated separately from a processor. This is not specifi-
cally limited in embodiments of this application.

[0023] According to a fourth aspect, a computer-read-
able medium is provided, where the computer-readable
medium stores program code. When the computer pro-
gram code is run on a computer, the computer is enabled
to perform the method according to the foregoing as-
pects.

BRIEF DESCRIPTION OF DRAWINGS
[0024]

FIG. 1 is a functional block diagram of a vehicle 100
according to an embodiment of this application;
FIG. 2 is a schematic diagram of an autonomous
driving system to which an embodiment of this ap-
plication is applicable;

FIG. 3 is a schematic diagram of a system 300 that
includes an autonomous vehicle and a cloud service
center and to which an embodiment of this applica-
tion is applicable;

FIG. 4 is a flowchart of a traffic element observation
method according to an embodiment of this applica-
tion;

FIG. 5 is a simulation diagram of observation data
collected before time synchronization processing;
FIG. 6 is a simulation diagram of observation data
collected after time synchronization processing;
FIG. 7 is a flowchart of a traffic element observation
method according to an embodiment of this applica-
tion;
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FIG. 8 is a schematic diagram of a traffic element
observation apparatus according to an embodiment
of this application; and

FIG. 9 is a schematic block diagram of a computing
device according to another embodiment of this ap-
plication.

DESCRIPTION OF EMBODIMENTS

[0025] The following describes technical solutions in
this application with reference to the accompanying
drawings. To facilitate understanding, a scenario to which
embodiments of this application are applicable is de-
scribed below with reference to FIG. 1 to FIG. 3 by using
an intelligent driving scenario as an example.

[0026] FIG. 1is afunctional block diagram of a vehicle
100 according to an embodiment of this application. In
an embodiment, the vehicle 100 is configured to be in a
fully or partially autonomous driving mode. For example,
the vehicle 100 in an autonomous driving mode may con-
trol the vehicle 100, and may determine current states of
the vehicle and an ambient environment of the vehicle
through manual operations, determine possible behavior
of at least one another vehicle in the ambient environ-
ment, determine a confidence level corresponding to a
possibility that the another vehicle performs the possible
behavior, and control the vehicle 100 based on deter-
mined information. When the vehicle 100 is in the auton-
omous driving mode, the vehicle 100 may be set to op-
erate without interaction with a human.

[0027] The vehicle 100 may include various subsys-
tems, for example, a travel system 102, a sensor system
104, a control system 106, one or more peripheral de-
vices 108, a power supply 110, a computer system 112,
and a user interface 116. Optionally, the vehicle 100 may
include more or fewer subsystems, and each subsystem
may include a plurality of elements. In addition, all the
subsystems and elements of the vehicle 100 may be in-
terconnected in a wired or wireless manner.

[0028] The travel system 102 may include a compo-
nent that provides power for the vehicle 100 to move. In
an embodiment, the travel system 102 may include an
engine 118, an energy source 119, a drive apparatus
120, and a wheelltire 121. The engine 118 may be an
internal combustion engine, an electric motor, an air com-
pression engine, or a combination of other types of en-
gines, for example, a hybrid engine including a gasoline
engine and an electric motor, or a hybrid engine including
an internal combustion engine and an air compression
engine. The engine 118 converts the energy source 119
into mechanical energy.

[0029] Examples of the energy source 119 include
gasoline, diesel, other oil-based fuels, propane, other
compressed gas-based fuels, ethanol, solar panels, bat-
teries, and other power sources. The energy source 119
may also provide energy for another system of the vehicle
100.

[0030] Thedrive apparatus 120 may transmit mechan-
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ical power from the engine 118 to the wheel 121. The
drive apparatus 120 may include a gearbox, a differential,
and a drive shaft. In an embodiment, the drive apparatus
120 may further include another component, forexample,
a clutch. The drive shaft may include one or more shafts
that may be coupled to one or more wheels 121.

[0031] The sensor system 104 (also referred to as a
"collection device") may include several sensors that
sense information about an environment around the ve-
hicle 100. For example, the sensor system 104 may in-
clude a positioning system 122 (the positioning system
may be a global positioning system (global positioning
system, GPS), or may be a Beidou system or another
positioning system), an inertial measurement unit (iner-
tial measurement unit, IMU) 124, a radar 126, a laser
rangefinder 128, and a camera 130. The sensor system
104 may further include sensors (for example, an in-ve-
hicle air quality monitor, a fuel gauge, and an oil temper-
ature gauge) in an internal system of the monitored ve-
hicle 100. One or more pieces of sensor data from these
sensors may be used to detect an object and correspond-
ing features (a location, a shape, a direction, a speed,
and the like) of the object. Such detection and identifica-
tion are key functions of a security operation of the au-
tonomous vehicle 100.

[0032] The positioning system 122 may be configured
to estimate a geographical location of the vehicle 100.
The IMU 124 is configured to sense location and orien-
tation changes of the vehicle 100 based on inertial ac-
celeration. In an embodiment, the IMU 124 may be a
combination of an accelerometer and a gyroscope.
[0033] The radar 126 may sense an object in the am-
bient environment of the vehicle 100 by using a radio
signal. In some embodiments, in addition to sensing a
target object, the radar 126 may be further configured to
sense one or more states of a speed, a location, and a
forward direction of the target object.

[0034] The laser rangefinder 128 may sense, by using
alaser, an object in an environment in which the vehicle
100 is located. In some embodiments, the laser range-
finder 128 may include one or more laser sources, a laser
scanner, one or more detectors, and another system
component.

[0035] The camera 130 may be configured to capture
a plurality of images of the ambient environment of the
vehicle 100. The camera 130 may be a static camera or
a video camera.

[0036] The control system 106 controls operations of
the vehicle 100 and the components of the vehicle. The
control system 106 may include various elements, includ-
ing a steering system 132, a throttle 134, a brake unit
136, a computer vision system 140, a route control sys-
tem 142, and an obstacle avoidance system 144.
[0037] The steering system 132 may be operated to
adjustaforward direction ofthe vehicle 100. Forexample,
in an embodiment, the steering system may be a steering
wheel system.

[0038] The throttle 134 is configured to control an op-
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erating speed of the engine 118 and further control a
speed of the vehicle 100.

[0039] The brake unit 136 is configured to control the
vehicle 100 to decelerate. The brake unit 136 may use
friction to reduce a rotational speed of the wheel 121. In
another embodiment, the brake unit 136 may convert ki-
netic energy of the wheel 121 into a current. The brake
unit 136 may alternatively use another form to reduce a
rotational speed of the wheel 121, to control the speed
of the vehicle 100.

[0040] The computer vision system 140 may be oper-
ated to process and analyze an image captured by the
camera 130, to recognize an object and/or a feature in
the ambient environment of the vehicle 100. The object
and/or the feature may include a traffic signal, a road
boundary, and an obstacle. The computer vision system
140 may use an object recognition algorithm, a structure
from motion (structure from motion, SFM) algorithm, vid-
eo tracking, and another computer vision technology. In
some embodiments, the computer vision system 140
may be configured to: draw a map for an environment,
trail an object, estimate an object speed, and the like.
[0041] The route control system 142 is configured to
determine a travel route of the vehicle 100. In some em-
bodiments, the route control system 142 may determine
a driving route for the vehicle 100 with reference to data
from the sensors, the GPS 122, and one or more prede-
termined maps.

[0042] The obstacle avoidance system 144 is config-
ured to recognize, evaluate, and avoid or surmount, in
other manners, potential obstacles in the environment of
the vehicle 100.

[0043] Certainly, for example, the control system 106
may additionally or alternatively include components in
addition to those shown and described. Alternatively, the
control system may not include some of the components
shown above.

[0044] The vehicle 100 interacts with an external sen-
sor, another vehicle, another computer system, or a user
by using the peripheral device 108. The peripheral device
108 may include a wireless communications system 146,
a vehicle-mounted computer 148, a microphone 150,
and/or a speaker 152.

[0045] In some embodiments, the peripheral device
108 provides a means for a user of the vehicle 100 to
interact with the user interface 116. For example, the
vehicle-mounted computer 148 may provide information
for the user of the vehicle 100. The user interface 116
may further operate the vehicle-mounted computer 148
toreceive aninputof the user. The vehicle-mounted com-
puter 148 may be operated by using a touchscreen. In
another case, the peripheral device 108 may provide a
means for the vehicle 100 to communicate with another
device located in the vehicle. For example, the micro-
phone 150 may receive audio (for example, according to
a voice command or based on other audio input) from
the user of the vehicle 100. Likewise, the speaker 152
may output audio to the user of the vehicle 100.
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[0046] The wireless communications system 146 may
communicate wirelessly with one or more devices directly
or through a communications network. For example, the
wireless communications system 146 may use 3G cel-
lular communications, for example, code division multiple
access (code division multiple access, CDMA), global
system for mobile communications (Global System for
Mobile Communications, GSM)/GPRS, fourth genera-
tion (fourth generation, 4G) communications, for exam-
ple, LTE, or 5th-generation (5th-Generation, 5G) com-
munications. The wireless communications system 146
may communicate with a wireless local area network
(wireless local area network, WLAN) by using Wi-Fi. In
some embodiments, the wireless communications sys-
tem 146 may communicate directly with a device by using
an infrared link, Bluetooth, or ZigBee (ZigBee). Other
wireless protocols, for example, various vehicle commu-
nications systems such as the wireless communications
system 146, may include one or more dedicated short
range communications (dedicated short range commu-
nications, DSRC) devices, which may include public
and/or private data communications between vehicles
and/or roadside stations.

[0047] The powersupply 110 may supply power to var-
ious components of the vehicle 100. In an embodiment,
the power supply 110 may be a rechargeable lithium-ion
or lead-acid battery. One or more battery packs of such
batteries may be configured as the power supply to sup-
ply power to the components of the vehicle 100. In some
embodiments, the power supply 110 and the energy
source 119 may be implemented together, for example,
in some pure electric vehicles.

[0048] Some orallfunctions of the vehicle 100 are con-
trolled by the computer system 112. The computer sys-
tem 112 may include at least one processor 113. The
processor 113 executes instructions 115 stored in a non-
transitory computer-readable medium such as a data
memory 114. The computer system 112 may alternative-
ly be a plurality of computing devices that control an in-
dividual component or a subsystem of the vehicle 100 in
a distributed manner.

[0049] The processor 113 may be any conventional
processor, such as a commercially available central
processing unit (central processing unit, CPU). Alterna-
tively, the processor may be a dedicated device such as
an application-specific integrated circuit (application-
specific integrated circuit, ASIC) or another hardware-
based processor. Although FIG. 1 functionally illustrates
the processor, the memory, and other elements of the
computer 110 in a same block, a person of ordinary skill
in the art should understand that the processor, the com-
puter, or the memory may actually include a plurality of
processors, computers, or memories that may or may
not be stored in a same physical housing. For example,
the memory may be a hard disk drive, or another storage
medium not located in a housing of the computer 110.
Thus, it is understood that a reference to the processor
or the computer includes a reference to a set of proces-
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sors or computers or memories that may or may not op-
erate in parallel. Different from using a single processor
to perform the steps described herein, some components
such as a steering component and a deceleration com-
ponent may include respective processors. The proces-
sor performs only computation related to a component-
specific function.

[0050] In various aspects described herein, the proc-
essor may be located far away from the vehicle and wire-
lessly communicate with the vehicle. In another aspect,
some of processes described herein are performed on a
processor disposed inside the vehicle, while others are
performed by a remote processor. The processes include
necessary steps for performing a single operation.
[0051] In some embodiments, the memory 114 may
include the instructions 115 (for example, program log-
ics), and the instructions 115 may be executed by the
processor 113 to perform various functions of the vehicle
100, including the functions described above. The mem-
ory 114 may also include additional instructions, includ-
ing instructions used to send data to, receive data from,
interact with, and/or control one or more of the travel sys-
tem 102, the sensor system 104, the control system 106,
and the peripheral device 108.

[0052] In addition to the instructions 115, the memory
114 may further store data, such as a road map, route
information, a location, a direction, a speed, and other
vehicle data of the vehicle, and other information. Such
information may be used by the vehicle 100 and the com-
puter system 112 when the vehicle 100 operates in an
autonomous mode, a semi-autonomous mode, and/or a
manual mode.

[0053] In some embodiments, the processor 113 may
further execute a solution for planning a vertical motion
parameter of the vehicle in this embodiment of this ap-
plication, to help the vehicle plan the vertical motion pa-
rameter. For a specific method for planning a vertical
motion parameter, refer to the following description of
FIG. 3. Forbrevity, details are not described herein again.
[0054] The user interface 116 is configured to provide
information for or receive information from the user of the
vehicle 100. Optionally, the user interface 116 may in-
clude one or more input/output devices within a set of
peripheral devices 108, such as the wireless communi-
cations system 146, the vehicle-mounted computer 148,
the microphone 150, and the speaker 152.

[0055] The computersystem 112 may control the func-
tions of the vehicle 100 based on inputs received from
various subsystems (for example, the travel system 102,
the sensor system 104, and the control system 106) and
from the user interface 116. For example, the computer
system 112 may use input from the control system 106
to control the steering unit 132 to avoid an obstacle de-
tected by the sensor system 104 and the obstacle avoid-
ance system 144. In some embodiments, the computer
system 112 may operate to provide control over many
aspects of the vehicle 100 and the subsystems of the
vehicle 100.
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[0056] Optionally, one or more of the foregoing com-
ponents may be installed separately from or associated
with the vehicle 100. For example, the memory 114 may
exist partially or completely separate from the vehicle
100. The foregoing components may be communicative-
ly coupled together in a wired and/or wireless manner.
[0057] Optionally, the components are merely exam-
ples. In actual application, components in the foregoing
modules may be added or deleted based on an actual
requirement. FIG. 1 should not be construed as a limita-
tion on embodiments of the present invention.

[0058] An autonomous vehicle driving on a road, such
as the vehicle 100, may identify an object in an ambient
environment of the vehicle to determine an adjustment
to a current speed. The object may be another vehicle,
a traffic control device, or another type of object. In some
examples, the autonomous vehicle may independently
consider each identified object, and may determine a to-
be-adjusted speed of the autonomous vehicle based on
characteristics of each identified object, such as acurrent
speed of the object, acceleration of the object, and a dis-
tance between the object and the autonomous vehicle.
[0059] Optionally, the autonomous vehicle 100 or a
computing device associated with the autonomous vehi-
cle 100 (for example, the computer system 112, the com-
puter vision system 140, or the memory 114 in FIG. 1)
may predict behavior of the identified object based on a
feature of the identified object and a state of the ambient
environment (for example, traffic, rain, and ice on aroad).
Optionally, identified objects depend on behavior of each
other, and therefore all the identified objects may be con-
sidered together to predict behavior of a single identified
object. The vehicle 100 can adjust the speed of the ve-
hicle based on the predicted behavior of the identified
object. In other words, the automatic driving car can de-
termine, based on the predicted behavior of the object,
a stable state to which the vehicle needs to be adjusted
(for example, acceleration, deceleration, or stop). In this
process, another factor may also be considered to de-
termine the speed of the vehicle 100, for example, a hor-
izontal location of the vehicle 100 on a road on which the
vehicle travels, a curvature of the road, and proximity
between a static object and a dynamic object.

[0060] In addition to providing an instruction for adjust-
ing the speed of the autonomous vehicle, the computing
device may provide an instruction for modifying a steering
angle of the vehicle 100, so that the autonomous vehicle
follows a given trajectory and/or maintains safe trans-
verse and longitudinal distances from an object (for ex-
ample, a car in an adjacent lane on the road) next to the
autonomous vehicle.

[0061] The vehicle 100 may be a car, a truck, a motor-
cycle, a bus, a boat, an airplane, a helicopter, a lawn
mower, a recreational vehicle, a playground vehicle, a
construction device, a trolley, a golf cart, a train, a hand-
cart, or the like. This is not specifically limited in embod-
iments of the present invention.

[0062] The foregoing describes, with reference to FIG.
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1, a scenario to which embodiments of this application
are applicable. The following describes, with reference
to FIG. 2, an autonomous driving system to which em-
bodiments of this application are applicable.

[0063] FIG. 2 is a schematic diagram of an autono-
mous driving system to which an embodiment of this ap-
plication is applicable. A computer system 101 includes
a processor 103, and the processor 103 is coupled to a
system bus 105. The processor 103 may be one or more
processors, and each processor may include one or more
processor cores. A video adapter (video adapter) 107,
where the video adapter may drive a display 109, and
the display 109 is coupled to the system bus 105. The
system bus 105 is coupled to an input/output (input/out-
put, I/0) bus 113 through a bus bridge 111. An I/O inter-
face 115 is coupled to the I/O bus. The I/O interface 115
communicates with a plurality of I/O devices, forexample,
an input device 117 (such as a keyboard, a mouse, and
a touchscreen) and a media tray (media tray) 121 (such
as a CD-ROM and a multimedia interface). A transceiver
123 (which may send and/or receive a radio communi-
cations signal), a camera 155 (which may capture static
and dynamic digital video images), and an external USB
interface 125 are provided. Optionally, an interface con-
nected to the I/O interface 115 may be a USB port.
[0064] The processor 103 may be any conventional
processor, including a reduced instruction set computing
(Reduced Instruction Set Computing, RISC) processor,
a complex instruction set computing (Complex Instruc-
tion Set Computing, CISC) processor, or a combination
thereof. Optionally, the processor may be a dedicated
apparatus such as an application-specific integrated cir-
cuit (ASIC). Optionally, the processor 103 may be a neu-
ral network processor or a combination of the neural net-
work processor and the foregoing conventional proces-
SOr.

[0065] Optionally, in various embodiments described
herein, the computer system 101 may be located away
from an autonomous vehicle, and may wirelessly com-
municate with the autonomous vehicle. In another as-
pect, some of processes described herein are performed
on a processor disposed in the autonomous vehicle, and
others are performed by a remote processor, including
taking an action required to perform a single manipula-
tion.

[0066] The computer 101 may communicate with a
software deploying server 149 by using a network inter-
face 129. The network interface 129 is a hardware net-
work interface, such as a network adapter. A network
127 may be an external network such as the Internet, or
an internal network such as the Ethernet or a virtual pri-
vate network (virtual private network, VPN). Optionally,
the network 127 may alternatively be a wireless network,
for example, a Wi-Fi network or a cellular network.
[0067] A harddiskdrive interface is coupled to the sys-
tem bus 105. The hardware drive interface is connected
to a hard disk drive. A system memory 135 is coupled to
the system bus 105. Data running in the system memory
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135 may include an operating system 137 and an appli-
cation program 143 of the computer 101.

[0068] The operating system includes a shell (shell)
139 and a kernel (kernel) 141. The shell 139 is an inter-
face between a user and the kernel of the operating sys-
tem. The shell 139 is an outermost layer of the operating
system. The shell 139 manages interaction between the
user and the operating system: waiting for input of the
user, explaining the input of the user to the operating
system, and processing various output results of the op-
erating system.

[0069] The kernel 141 includes parts of the operating
system that are used for managing a memory, a file, a
peripheral device, and a system resource. When directly
interacting with hardware, the kernel of the operating sys-
tem usually runs a process, provides inter-process com-
munication, and provides functions such as CPU time
slice management, interrupt, memory management, and
/O management.

[0070] The application program 143 includes a pro-
gram related to controlling autonomous driving of the ve-
hicle, for example, a program for managing interaction
between the autonomous vehicle and a road obstacle, a
program for controlling a route or a speed of the auton-
omous vehicle, and a program for controlling interaction
between the autonomous vehicle and another autono-
mous vehicle on the road. The application program 143
may be on a system of the software deploying server
(deploying server) 149. In an embodiment, when the ap-
plication program 147 needs to be executed, the com-
puter system 101 may download the application program
143 from the software deploying server (deploying serv-
er) 149.

[0071] Insome embodiments, the application program
may further include an application program correspond-
ing to a solution of target object perception provided in
embodiments of this application. The solution of target
object perception in embodiments of this application is
specifically described below. For brevity, details are not
described herein again.

[0072] A sensor 153 is associated with the computer
system 101. The sensor 153 is configured to detect an
ambient environment of the computer 101. For example,
the sensor 153 may detect a target object, for example,
an animal, a vehicle, or an obstacle. Further, the sensor
may detect an ambient environment of the target object,
for example, an environment around the animal, another
animal appearing around the animal, a weather condi-
tion, or brightness of the ambient environment. Option-
ally, if the computer 101 is located in an autonomous
vehicle, the sensor may be a laser radar, a camera, an
infrared sensor, a chemical detector, a microphone, or
the like.

[0073] The foregoing describes, with reference to FIG.
1 and FIG. 2, a vehicle and a driving system to which
embodiments of this application are applicable. The fol-
lowing describes, with reference to FIG. 3, a scenario to
which the embodiments of this application are applicable
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by using a system including a vehicle and a cloud service
center as an example.

[0074] FIG. 3 is a schematic diagram of a system 300
that includes an autonomous vehicle and a cloud service
center and to which an embodiment of this application is
applicable. The cloud service center 310 may receive
information from an autonomous vehicle 330 and an au-
tonomous vehicle 331 via a network 320, such as a wire-
less communications network.

[0075] Optionally, the received information may be a
location of a target object, a speed of the target object,
or the like sent by the autonomous vehicle 330 and/or
the autonomous vehicle 331. The target object may be
a traffic element detected by a vehicle that collects data
in a running process, for example, another vehicle, a pe-
destrian, or a traffic signal light.

[0076] The cloud service center 310 runs, based on
received data, a program that is stored in the cloud serv-
ice center and that is related to controlling autonomous
driving of a vehicle, to control the autonomous vehicles
330 and 331. The program related to controlling auton-
omous driving of a vehicle may include a program related
to controlling autonomous driving of the vehicle, a pro-
gram for managing interaction between the autonomous
vehicle and a road obstacle, a program for controlling a
route or a speed of the autonomous vehicle, and a pro-
gram for controlling interaction between the autonomous
vehicle and another autonomous vehicle on the road.
[0077] The network 320 provides a portion of a map
outward to the autonomous vehicle 330 or 331. In another
example, operations may be divided between different
locations. For example, a plurality of cloud service cent-
ers may receive, acknowledge, combine, and/or send
information reports. In some examples, information re-
ports and/or sensor data may also be sent between au-
tonomous vehicles. Another configuration is also possi-
ble.

[0078] Insome examples, the center sends a suggest-
ed solution to the autonomous vehicle for possible driving
conditions within the system 300 (For example, informing
a forward obstacle and telling how to bypass the forward
obstacle). For example, the cloud service center may as-
sist the vehicle in determining how to travel when there
is a specific obstacle aheadin the environment. The cloud
service center sends, to the autonomous vehicle, a re-
sponse indicating how the vehicle should travel in a given
scenario. For example, the cloud service center may de-
termine, based on collected sensor data, that there is a
temporary stop sign in the road ahead, and further de-
termine, based on a "lane closed" sign and sensor data
from a construction vehicle, that the lane is closed due
to construction. Correspondingly, the cloud server center
sends a suggested operation mode used by the auton-
omous vehicle to go around the obstacle (for example,
indicating the vehicle to change the lane to another road).
When the cloud server center observes a video stream
in an operating environment of the cloud server center
and determines that the autonomous vehicle can safely
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and successfully go around the obstacle, operation steps
used for the autonomous vehicle may be added to a driv-
ing information map. Correspondingly, the information
may be sent to another vehicle that may encounter a
same obstacle in the region, to assist the another vehicle
notonlyinrecognizing the closed lane but also in knowing
how to go around.

[0079] Currently, a solution in which a plurality of ve-
hicles cooperatively collect observation data of a traffic
element in a traffic scenario is usually used to improve
accuracy of obtained observation data of the traffic ele-
ment in the traffic scenario. In the solution in which the
plurality of vehicles cooperatively collect the observation
data, there is an error in observation data collected by
the vehicles in terms of time and space. Consequently,
in a process of integrating data, observation data of a
same traffic element may be identified as observation
data of different traffic elements, or observation data of
different traffic elements is identified as observation data
of a same traffic element. As a result, an observation
result of the traffic element is inaccurate.

[0080] To avoid the foregoing advantages, this appli-
cation provides a new traffic element observation solu-
tion. To be specific, observation data that is of a traffic
element and that is collected by a plurality of vehicles is
synchronized in terms of time, and/or corrected in terms
of space, and the observation data collected by the plu-
rality of vehicles is adjusted and then integrated, to obtain
a final observation result of the traffic element, so as to
improve accuracy of the observation result of the traffic
element. The following describes a traffic element obser-
vation method according to an embodiment of this appli-
cation with reference to FIG. 4.

[0081] FIG. 4 is aflowchart of a traffic element obser-
vation method according to an embodiment of this appli-
cation. The method shown in FIG. 4 may be performed
by the cloud service center 310 shown in FIG. 3, or may
be performed by another computing device. This is not
limited in this embodiment of this application. The method
shown in FIG. 4 includes steps 410 to 430.

[0082] 410: Receive a plurality of groups of first obser-
vation data that are of a traffic element and that are sent
by a plurality of vehicles, where each of the plurality of
vehicles collects one of the plurality of groups of first ob-
servation data, and the first observation data indicates a
change of a coordinate location of the traffic element with
time and/or a change of a speed of the traffic element
with time.

[0083] The traffic element may include a dynamic ob-
stacle or a static obstacle in a traffic scenario. The dy-
namic obstacle may be a vehicle other than the vehicle
that collects the first observation data, or may be a pe-
destrian or the like in the traffic scenario. The static ob-
stacle may be a traffic signal light or the like.

[0084] Optionally, when the traffic element is a target
object, the first observation data may include atleastone
of a type of the target object, a motion status of the target
object, a motion trail of the target object, and a size of
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the target object. The type of the target object may include
avehicle, a pedestrian, a bicycle, and the like. The motion
status of the target object may include a static state and
a dynamic state. The motion trail of the target object may
include a speed trail of the target object and a spatial trail
of the target object. The size of the target object may
include a length of the target object and a width of the
target object.

[0085] Optionally, when the target object is a traffic sig-
nal light, the first observation data further includes time
serving information of the traffic signal light.

[0086] Optionally, the plurality of groups of first obser-
vation data are obtained after being collected by an in-
vehicle sensor in each of the plurality of vehicles and
processed by a multi-domain controller (multi-domain
controller, MDC).

[0087] Optionally, when a distance between the plu-
rality of vehicles is 100 meters, a vehicle observation
accuracy is high, and may be about 3 cm to 4 cm. For
example, a distance between a vehicle #1 and the traffic
element is 200 meters, and a distance between a vehicle
#2 and the traffic element is 100 meters. In this case,
accuracy of observation data based on the distance from
the vehicle #1 to the traffic element may be low. Accord-
ing to the method in this embodiment of this application,
the accuracy of observation data that is of the traffic el-
ement and that is collected by the vehicle #1 can be com-
pensated by using observation data that is of the traffic
element and thatis collected by the vehicle # 2. Certainly,
a distance between every two of the plurality of vehicles
is not specifically limited in this embodiment of this ap-
plication.

[0088] Optionally, the plurality of vehicles are intelli-
gent vehicles.

[0089] 420: Perform time synchronization processing
and/or space correction processing on the plurality of
groups of first observation data, to obtain a plurality of
groups of processed observation data.

[0090] The foregoing time synchronization processing
and space correction processing may be selected based
on a type of the observation data. If the observation data
includes location information of the traffic element, space
correction processing may be performed on observation
data of this type. For example, when the observation data
includes a coordinate location of the traffic element,
space correction processing and time synchronization
processing may be performed on observation data of this
type. If the observation data includes time information,
time synchronization can be performed on observation
data of this type. For example, if the observation data
includes a speed curve of the traffic element, time syn-
chronization processing may be performed on observa-
tion data of this type.

[0091] Optionally, the foregoing step 420 includes: de-
termining a time offset between the plurality of groups of
first observation data; and adjusting each of the plurality
of groups of first observation data based on the time offset
between the plurality of groups of first observation data,
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to obtain the plurality of groups of processed observation
data, where time points of all of the plurality of groups of
processed observation data are synchronized.

[0092] The time offset between the plurality of groups
of first observation data may be an average value of time
offsets between every two of the plurality of groups of
first observation data, or may be a minimum value in time
offsets between every two of the plurality of groups of
first observation data, or may be a maximum value in
time offsets between every two of the plurality of groups
of first observation data. This is not specifically limited in
this embodiment of this application.

[0093] Optionally, for a same traffic element, longi-
tudes, latitudes or course angles that are of the traffic
element and that are collected by all of the vehicles at a
same moment should be the same. Therefore, the time
offsetmay alternatively be determined based on an offset
between longitudes, latitudes or course angles that are
of the traffic element and that are collected by all of the
vehicles. The following describes a method for determin-
ing a time offset between the plurality of groups of first
observation data by using an example in which an offset
between longitudes, latitudes or course angles that are
of the traffic element and that are collected by all of the
vehicles is calculated by using the least square method.
[0094] The time offset A g between the plurality of

groups of first observation data may be determined by

. n 2
using the formula Aogrer = MIN Z’=1(10n” —lon,)
,Where Ytrepresents atotal quantity of moments at which
the plurality of vehicles observe the target traffic element,
i represents an ith vehicle in the plurality of vehicles, j
represents a jth vehicle in the plurality of vehicles, t rep-
resents a #th moment in n moments, lon; represents a
longitude that is of the target traffic element and that is
collected by the i th vehicle at the fth moment, and lonjg
represents a longitude that is of the target traffic element
and that is collected by the jth vehicle at the th moment.
[0095] Alternatively, the time offset A g between the

plurality of groups of first observation data may be deter-
mined by using the formula

. n 2

Aoprer = mmzhl(lat"’ ~lat,,) , Where Yt repre-
sents a total quantity of moments at which the plurality
of vehicles observe the target traffic element, irepresents
an ith vehicle in the plurality of vehicles, j represents a jth
vehicle in the plurality of vehicles, t represents a tth mo-
ment in Yt moments, /at; represents a latitude that is of
the target traffic element and that is collected by the ith
vehicle at the #h moment, and /at/-t represents a latitude
that is of the target traffic element and that is collected
by the jth vehicle at the #" moment.

[0096] Alternatively, the time offset A ; between the
plurality of groups of first observation data may be deter-



17 EP 4 207 133 A1 18

mined by using the formula

2
. n
Aojj‘set = mantzl (yawi[ _yawf") , where Ytrep-

resents a total quantity of moments at which the plurality
of vehicles observe the target traffic element, i represents
an th vehicle in the plurality of vehicles, j represents a jfth
vehicle in the plurality of vehicles, t represents a tth mo-
ment in n moments, yaw; represents an angular rate of

a course angle that is of the target traffic element and
that is collected by the " vehicle at the tth moment, and
yawj; represents an angular rate of the course angle that
is of the target traffic element and that is collected by the
jth vehicle at the #h moment.

[0097] It should be noted that the foregoing three man-
ners of determining the time offset may be separately
used based on different scenarios, or may be combined
to determine the time offset. This is not specifically de-
termined in this embodiment of this application.

[0098] With reference to FIG. 5 and FIG. 6, the follow-
ing describes a simulation result of time synchronization
processing according to an embodiment of this applica-
tion. FIG. 5 is a simulation diagram of observation data
collected before time synchronization processing. In FIG.
5, a curve 1 indicates a change of observation data that
is of a traffic element 1 and that is collected by the vehicle
#1 with time, and a curve 2 indicates a change of obser-
vation data that is of the traffic element 1 and that is col-
lected by the vehicle #2 with time. It can be learned that
before time synchronization processing, the two curves
correspond to different observation data at a same mo-
ment. FIG. 6 is a simulation diagram of observation data
collected after time synchronization processing. It can be
learned that after the time synchronization processing
method in this embodiment of this application is used,
the curve 1 and the curve 2 basically overlap.

[0099] Optionally, if the first observation data indicates
a change of a coordinate location of the traffic element
with time, step 420 includes: determining, in a preset co-
ordinate system, coordinates over time that are of the
traffic element and that are indicated by each of the plu-
rality of groups of first observation data; and representing
a coordinate value that is of the traffic element and that
is included in each preset coordinate range in the coor-
dinate system as a targetcoordinate value corresponding
to the coordinate range, to obtain coordinates that are of
the traffic element and that are in each preset coordinate
range in the coordinate system, where the processed
observation data includes the coordinates that are of the
traffic element and that are in each preset coordinate
range in the coordinate system.

[0100] For example, at the gth moment, coordinates
that are of the traffic element and that are indicated by
each of the plurality of groups of first observation data is
located in a grid #1 in the preset coordinate system, and
target coordinate values corresponding to the grid #1 is
(x,y). In this case, it may be determined that coordinates
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that are of the traffic element and that are indicated by
each group of first observation data at the gth moment is
the target coordinate values (x,y) corresponding to the
grid #1.

[0101] It should be noted that grids in the coordinate
system may be divided in advance. This is not limited in
this embodiment of this application.

[0102] Optionally, the change of a coordinate location
of the traffic element with time may be determined based
on current states (including a location and a speed of the
traffic element) that are of the traffic element and that are
collected by the plurality of vehicles, and a Kalman filter-
ing algorithm.

[0103] The foregoing Kalman filtering algorithm may
be divided into two phases: a prediction phase and an
update phase. The prediction phase is used to predict a
state of a traffic element at a k! moment based on a state
of a traffic element at a (k - 1)th moment. The update
phase is used to update a variable in the Kalman filtering
algorithm based on a predicted state of the traffic element
at the kh moment.

[0104] In a prediction phase, a state )A(k|k_1 of the traffic

element aathe kth moment iAs predicted by using the for-

mulas xk|k-1 = Fkxk_1|k_1 + Bkuk and

?kﬁ'—l = chPk—HS%—ng +Q,

state vector that is of the traffic element at the kth moment
and thatis predicted based on a state vector of the traffic
element atthe (k -1)th moment, )A(k_1 k-1 fepresents a state
vector including a location and a speed of the traffic el-
ement at the (k -1)th moment, Py-1 represents a first

A
, where X4 represents a

covariance matrix that is at the k<" moment and that is
predicted based on a covariance matrix at the (k - 1)th
moment, P,y represents a covariance matrix at the
(k - 1) moment, u, represents a preset control vector,
B, represents a preset control matrix, and Q, represents
a preset second covariance matrix, and F, represents a
prediction matrix used for predicting a state of the traffic
element at the kh moment based on the state of the traffic
element at the (k - 1)t moment.

[0105] It should be noted that the control vector and
the control matrix may reflectimpact of an external factor
on the state of the traffic element at the kth moment, and
the second covariance matrix may reflect impact of an
external uncertainty on the state of the traffic element at
the kh moment.

[0106] In the update phase, a measurement residual
vector ;k at the kth moment, a measurement residual co-

variance matrix S, at the kth moment, and a Kalman gain
K, at the kh moment may be determined by using the

S, = HkPk\k—le -R,

~ A
formulas Y= 2y~ Hkxklk_1, ,
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_ T QL
Kk _Pk\k—lHk Sk , where H, represents a

sensor reading matrix used to collect a state of the traffic
element, Ry represents a preset third covariance matrix,

and z, represents a distribution average value of the fore-

going sensor readings.

[0107] It should be noted that the third covariance ma-
trix R, may be set based on noise of the sensor.

[0108] The residual covariance matrix $, and the Ka-
Iman gain K, are measured based on the measurement
residual vector yk, and the state xklk of the traffic element
at the k' moment and the covariance matrix P« at the
k th moment are updated by using the formulas Xy =
Xeger * Ky and Pygye= (1 - KHoPygpcr.

[0109] 430: Determine, based on the plurality of groups
of processed observation data, second observation data
that is of the traffic element and that is observed by the
plurality of vehicles. The second observation data may
be used as final observation data of the traffic element.
[0110] Certainly, the plurality of vehicles may further
report one or more types of information such as a location
of a current vehicle, a speed of the current vehicle, and
a state of the current vehicle, so that a cloud computing
server determines information such as a relative location
and a relative speed between the current vehicle and the
traffic element based on the second observation data
and the information about the vehicle, and feeds back
calculated information to the current vehicle. In this way,
the current vehicle may adjust a driving route, a driving
speed, or the like based on the information such as the
location of the current vehicle, the speed of the current
vehicle, and the state of the current vehicle.

[0111] WithreferencetoFIG.7,the following describes
a traffic element observation method according to anem-
bodiment of this application by using an example in which
observation data collected by a vehicle # 1, a vehicle #2,
and a vehicle #3 is processed. FIG. 7 is a flowchart of a
traffic element observation method according to an em-
bodiment of this application. The method shown in FIG.
7 includes steps 710 to 750.

[0112] 710: The vehicle #1, the vehicle #2, and the
vehicle #3 respectively send data collected by the vehicle
#1, the vehicle #2, and the vehicle #3 to a cloud server.
[0113] The data uploaded by each of the vehicle in-
cludes observation data collected by the vehicle, a
traveling trail of the vehicle, and information of the vehi-
cle. Observation data #1 is collected by the vehicle #1
and includes data of a traffic element #1, observation
data #2 is collected by the vehicle #2 and includes data
of the traffic element #1, and observation data #3 is col-
lected by the vehicle #3 and includes data of the traffic
element #1.

[0114] Optionally, when a distance between every two
of the vehicle #1, the vehicle #2, and the vehicle #3 is
less than or equal to 100 m, and a distance between any
one of the vehicles and the traffic element #1 is less than
or equal to 100 m, accuracy of data of the traffic element
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#1 separately collected by the vehicle #1, the vehicle #2,
and the vehicle #3 is high.

[0115] Optionally, the vehicle #1, the vehicle #2, and
the vehicle #3 are intelligent vehicles.

[0116] 720: The cloud computing server performs time
synchronization processing on the observation data in
the foregoing data, to obtain processed observation data
#1, processed observation data #2, and processed ob-
servation data #3.

[0117] It should be noted that, for a process of the time
synchronization processing, refer to the foregoing de-
scription. For brevity, details are not described herein
again.

[0118] 730: Determine a plurality of groups of coordi-
nate locations of the traffic element#1 on a high-definition
map according to location information that is of the traffic
element #1 and thatis carried in the processed observa-
tion data #1, the processed observation data #2, and the
processed observation data #3.

[0119] 740: Perform space correction processing on
the plurality of groups of coordinate locations to obtain a
corrected coordinate location of the traffic element #1.
[0120] It should be noted that, for a process of the
space correction processing, refer to the foregoing de-
scription. For brevity, details are not described herein
again.

[0121] 750: Determine an observation result of each
vehicle for the traffic element #1 based on the corrected
coordinate location of the traffic element #1, a processed
speed curve of the traffic element #1, the traveling trail
of each vehicle, and the information of each vehicle, and
send the observation result of each vehicle to the vehicle.
[0122] An observation result #1 of the vehicle #1 for
the traffic element #1 includes information such as a rel-
ative location and a relative speed between the vehicle
#1 and the traffic element #1. An observation result #2
of the vehicle #2 for the traffic element #1 includes infor-
mation such as a relative location and a relative speed
between the vehicle #2 and the traffic element #1. An
observation result #3 of the vehicle #3 for the traffic ele-
ment #1 includes information such as a relative location
and a relative speed between the vehicle #3 and the traf-
fic element #1.

[0123] The foregoing describes, with reference to FIG.
1 to FIG. 7, the traffic element observation method in
embodiments of this application. The following describes
an apparatus, with reference to FIG. 8 and FIG. 9, in
embodiments of this application. It should be understood
that the apparatuses shown in FIG. 8 and FIG. 9 may
implement the steps in the foregoing methods. For brev-
ity, details are not described herein again.

[0124] FIG. 8 is a schematic diagram of a traffic ele-
ment observation apparatus according to an embodi-
ment of this application. An apparatus 800 shown in FIG.
8includes areceiving unit 810 and a processing unit 820.
[0125] The receiving unit 810 is configured to receive
a plurality of groups of first observation data that are of
a traffic element and that are sent by a plurality of vehi-
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cles, where each of the plurality of vehicles collects one
of the plurality of groups of first observation data, and the
first observation data indicates a change of a coordinate
location of the traffic element with time and/or a change
of a speed of the traffic element with time.

[0126] The processing unit 820 is configured to per-
form time synchronization processing and/or space cor-
rection processing on the plurality of groups of first ob-
servation data, to obtain a plurality of groups of processed
observation data.

[0127] The processing unit 820 is further configured to
determine, based on the plurality of groups of processed
observation data, second observation data that is of the
traffic element and that is observed by the plurality of
vehicles.

[0128] Optionally, in an embodiment, the processing
unit 820 is further configured to: determine a time offset
between the plurality of groups of first observation data;
and adjust each of the plurality of groups of first obser-
vation data based on the time offset between the plurality
of groups of first observation data, to obtain the proc-
essed observation data, where time points of all groups
of the processed observation data are synchronized.
[0129] Optionally, in an embodiment, the processing
unit 820 is further configured to: determine, in a preset
coordinate system, coordinates that are of the traffic el-
ement at different time points and that are indicated by
each of the plurality of groups of first observation data;
and represent a coordinate value that is of the traffic el-
ement and that is included in each preset coordinate
range in the coordinate system as a target coordinate
value corresponding to the coordinate range, to obtain
coordinates that are of the traffic element and that are in
each preset coordinate range in the coordinate system,
where the processed observation data includes the co-
ordinates that are of the traffic element and that are in
each preset coordinate range in the coordinate system.
[0130] Optionally, in an embodiment, when the traffic
element is a target object, the first observation data in-
cludes atleast one of a type of the target object, a motion
status of the target object, a motion trail of the target
object, and a size of the target object.

[0131] Optionally, in an embodiment, when the target
object is a traffic signal light, the first observation data
further includes time serving information of the traffic sig-
nal light.

[0132] Optionally, in an embodiment, the plurality of
groups of first observation data are obtained after being
collected by an in-vehicle sensor in each of the plurality
of vehicles and processed by a multi-domain controller.
[0133] In an optional embodiment, the receiving unit
810 may be a communications interface 930, the
processing unit 820 may be a processor 920, and the
computing device may further include a memory 910.
Details are shown in FIG. 9.

[0134] FIG. 9 is a schematic block diagram of a com-
puting device according to another embodiment of this
application. The computing device 900 shown in FIG. 9
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may include a memory 910, a processor 920, and a com-
munications interface 930. The memory 910, the proc-
essor 920, and the communications interface 930 are
connected by using an internal connection path. The
memory 910 is configured to store instructions. The proc-
essor 920 is configured to execute the instructions stored
in the memory 920, to control the input/output interface
930 to receive/send at least some parameters of a sec-
ond channel model. Optionally, the memory 910 may be
coupled to the processor 920 through an interface, or
may be integrated together with the processor 920.
[0135] It should be noted that the communications in-
terface 930 uses a transceiver apparatus such as but not
limited to a transceiver to implement communication be-
tween the communications device 900 and another de-
vice or a communications network. The communications
interface 930 may further include an input/output inter-
face (input/output interface).

[0136] Inanimplementation process, steps in the fore-
going methods can be implemented by using a hardware
integrated logical circuit in the processor 920, or by using
instructions in a form of software. The methods disclosed
with reference to embodiments of this application may
be directly performed and completed by using a hardware
processor, or may be performed and completed by using
a combination of hardware in the processor and a soft-
ware module. The software module may be located in a
mature storage medium in the art, such as a random
access memory, a flash memory, a read-only memory,
a programmable read-only memory, an electrically eras-
able programmable memory, a register, or the like. The
storage medium is located in the memory 910, and the
processor 920 reads information in the memory 910 and
completes the steps in the foregoing methods in combi-
nation with the hardware of the processor. To avoid rep-
etition, details are not described herein again.

[0137] It should be understood that, the processor in
embodiments of this application may be a central
processing unit (central processing unit, CPU), or may
further be another general-purpose processor, a digital
signal processor (digital signal processor, DSP), an ap-
plication-specific integrated circuit (application-specific
integrated circuit, ASIC), a field programmable gate array
(field programmable gate array, FPGA), or another pro-
grammable logic device, discrete gate or transistor logic
device, discrete hardware component, or the like. The
general-purpose processor may be a microprocessor, or
the processor may further be any conventional proces-
sor, or the like.

[0138] It should also be understood that in embodi-
ments of this application, the memory may include a read-
only memory and a random access memory, and provide
instructions and data for the processor. A part of the proc-
essor may further include a non-volatile random access
memory. For example, the processor may further store
information about a device type.

[0139] The term"and/or"in this specification describes
only an association relationship for describing associated
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objects and indicates that three relationships may exist.
For example, A and/or B may represent the following
three cases: Only A exists, both A and B exist, and only
B exists. In addition, the character "/" in this specification
generally indicates an "or" relationship between the as-
sociated objects.

[0140] Itshould be understood that sequence numbers
of the foregoing processes do not mean execution se-
quences in various embodiments of this application. The
execution sequences of the processes should be deter-
mined according to functions and internal logic of the
processes, and should not be construed as any limitation
on the implementation processes of embodiments of this
application.

[0141] Apersonofordinary skillinthe art may be aware
that, in combination with the examples described in em-
bodiments disclosed in this specification, units and algo-
rithm steps may be implemented by electronic hardware
or a combination of computer software and electronic
hardware. Whether the functions are performed by hard-
ware or software depends on particular applications and
design constraint conditions of the technical solutions. A
person skilled in the art may use different methods to
implement the described functions for each particular ap-
plication, but it should not be considered that the imple-
mentation goes beyond the scope of this application.
[0142] It may be clearly understood by a person skilled
in the art that, for the purpose of convenient and brief
description, for a detailed working process of the forego-
ing system, apparatus, and unit, refer to a corresponding
process in the foregoing method embodiments, and de-
tails are not described herein again.

[0143] In several embodiments provided in this appli-
cation, it should be understood that the disclosed sys-
tems, apparatuses, and methods may be implemented
in other manners. For example, the described apparatus
embodiments are merely examples. For example, divi-
sion into the units is merely logical function division and
may be other division during an actual implementation.
For example, a plurality of units or components may be
combined or integrated into another system, or some fea-
tures may be ignored or may not be performed. In addi-
tion, the displayed or discussed mutual couplings or di-
rect couplings or communication connections may be im-
plemented by using some interfaces. Indirect couplings
orcommunication connections between the apparatuses
or units may be implemented in an electrical form, a me-
chanical form, or another form.

[0144] The units described as separate parts may or
may not be physically separate, and parts displayed as
units may or may not be physical units, may be located
in one position, or may be distributed on a plurality of
network units. Some or all of the units may be selected
based on actual requirements to achieve the objectives
of the solutions of embodiments.

[0145] In addition, functional units in embodiments of
this application may be integrated into one processing
unit, each of the units may exist alone physically, or two
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or more units are integrated into one unit.

[0146] When the functions are implemented in a form
of a software functional unit and sold or used as an in-
dependent product, the functions may be stored ina com-
puter-readable storage medium. Based on such an un-
derstanding, the technical solutions of this application
essentially, or the part contributing to the conventional
technology, or some of the technical solutions may be
implemented in a form of a software product. The com-
puter software product is stored in a storage medium,
and includes several instructions for instructing a com-
puter device (which may be a personal computer, a serv-
er, or a network device) to perform all or some of the
steps of the methods described in embodiments of this
application. The foregoing storage medium includes: any
medium that can store program code, such as a USB
flash disk, a removable hard disk, a read-only memory
(read-only memory, ROM), a random access memory
(random access memory, RAM), a magnetic disk, or an
optical disc.

[0147] The foregoing descriptions are merely specific
implementations of this application, but are not intended
to limit the protection scope of this application. Any var-
iation or replacement readily figured out by a person
skilled in the art within the technical scope disclosed in
this application shall fall within the protection scope of
this application. Therefore, the protection scope of this
application shall be subject to the protection scope of the
claims.

Claims
1. A traffic element observation method, comprising:

receiving a plurality of groups of first observation
data that are of a traffic element and that are
sent by a plurality of vehicles, wherein each of
the plurality of vehicles collects one of the plu-
rality of groups of first observation data, and the
first observation data indicates a change of a
coordinate location of the traffic element with
time and/or a change of a speed of the traffic
element with time;

performing time synchronization processing
and/or space correction processing on the plu-
rality of groups of first observation data, to obtain
a plurality of groups of processed observation
data; and

determining, based on the plurality of groups of
processed observation data, second observa-
tion data that is of the traffic element and that is
observed by the plurality of vehicles.

2. The method according to claim 1, wherein if the first
observation data indicates the change of the speed
of the traffic element with time, the performing time
synchronization processing on the first observation
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data that is of the traffic element and that is sent by
the plurality of vehicles, to obtain a plurality of groups
of processed observation data comprises:

determining a time offset between the plurality
of groups of first observation data; and
adjusting each of the plurality of groups of first
observation data based on the time offset be-
tween the plurality of groups of first observation
data, to obtain the processed observation data,
wherein time points of all groups of the proc-
essed observation data are synchronized.

The method according to claim 1 or 2, wherein if the
first observation data indicates the change of the co-
ordinate location of the traffic element with time, the
performing space correction processing on the plu-
rality of groups of first observation data, to obtain a
plurality of groups of processed observation data
comprises:

determining, in a preset coordinate system, co-
ordinates that are of the traffic element at differ-
ent time points and that are indicated by each
ofthe plurality of groups of first observation data;
and

representing a coordinate value that is of the
trafficelementand thatis comprised in each pre-
set coordinate range in the coordinate system
as a target coordinate value corresponding to
the coordinate range, to obtain coordinates that
are of the traffic element and that are in each
preset coordinate range in the coordinate sys-
tem, wherein the processed observation data
comprises the coordinates that are of the traffic
element and that are in each preset coordinate
range in the coordinate system.

The method according to any one of claims 1 to 3,
wherein when the traffic element is a target object,
the first observation data comprises at least one of
a type of the target object, a motion status of the
target object, a motion trail of the target object, and
a size of the target object.

The method according to claim 4, wherein when the
target object is a traffic signal light, the first observa-
tion data further comprises time serving information
of the traffic signal light.

The method according to any one of claims 1 to 5,
wherein the plurality of groups of first observation
data are obtained after being collected by an in-ve-
hicle sensor in each of the plurality of vehicles and
processed by a multi-domain controller MDC.

A traffic element observation apparatus, comprising:
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a receiving unit, configured to receive a plurality
of groups of first observation data that are of a
traffic element and that are sent by a plurality of
vehicles, wherein each of the plurality of vehicles
collects one of the plurality of groups of first ob-
servation data, and the first observation data in-
dicates a change of a coordinate location of the
traffic element with time and/or a change of a
speed of the traffic element with time; and

a processing unit, configured to perform time
synchronization processing and/or space cor-
rection processing on the plurality of groups of
first observation data, to obtain a plurality of
groups of processed observation data, wherein
the processing unit is further configured to de-
termine, based on the plurality of groups of proc-
essed observation data, second observation da-
ta that is of the traffic element and that is ob-
served by the plurality of vehicles.

8. The apparatus according to claim 7, wherein the

processing unit is further configured to:

determine a time offset between the plurality of
groups of first observation data; and

adjust each of the plurality of groups of first ob-
servation data based on the time offset between
the plurality of groups of first observation data,
to obtain the processed observation data,
wherein time points of all groups of the proc-
essed observation data are synchronized.

9. The apparatus according to claim 7 or 8, wherein the

processing unit is further configured to:

determine, in a preset coordinate system, coor-
dinates that are of the traffic element at different
time points and that are indicated by each of the
plurality of groups of first observation data; and
represent a coordinate value that is of the traffic
element and that is comprised in each preset
coordinate range in the coordinate system as a
target coordinate value corresponding to the co-
ordinate range, to obtain coordinates that are of
the traffic element and that are in each preset
coordinate range in the coordinate system,
wherein the processed observation data com-
prises the coordinates that are of the traffic ele-
ment and that are in each preset coordinate
range in the coordinate system.

10. The apparatus according to any one of claims 7 to

9, wherein when the traffic element is a target object,
the first observation data comprises at least one of
a type of the target object, a motion status of the
target object, a motion trail of the target object, and
a size of the target object.
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The apparatus according to claim 10, wherein when
the target object is a traffic signal light, the first ob-
servation data further comprises time serving infor-
mation of the traffic signal light.

The apparatus according to any one of claims 7 to
11, wherein the plurality of groups of first observation
data are obtained after being collected by an in-ve-
hicle sensor in each of the plurality of vehicles and
processed by a multi-domain controller MDC.

A computing device, comprising at least one proc-
essor and a memory, wherein the at least one proc-
essor is coupled to the memory, and is configured
to: read and execute instructions in the memory, to
perform the method according to any one of claims
1t0 6.

A computer-readable medium, wherein the compu-
ter-readable medium stores program code, and
when the computer program code is run on a com-
puter, the computeris enabled to perform the method
according to any one of claims 1 to 6.
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