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(57) ABSTRACT

An autonomous lane change method and apparatus, and a
storage medium are provided. The method includes: calcu-
lating a local neighbor feature and a global statistical feature
of an autonomous vehicle at a current moment based on
travel information of the autonomous vehicle at the current
moment and motion information of obstacles in lanes within
a sensing range of the autonomous vehicle (S1101); obtain-
ing a target action indication based on the local neighbor
feature, the global statistical feature, and a current control
policy (S1102); and executing the target action according to
the target action indication (S1103). It can be learned that, on
the basis of the local neighbor feature, the global statistical
feature is further introduced into the current control policy
to obtain the target action indication. Therefore, the target
action obtained by combining local and global road obstacle
information is a globally optimal decision action.
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AUTONOMOUS LANE CHANGE METHOD
AND APPARATUS, AND STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2020/090234, filed on May 14,
2020, which claims priority to Chinese Patent Application
No. 201910426248.7, filed on May 21, 2019. The disclo-
sures of the aforementioned applications are hereby incor-
porated by reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the field of autonomous
driving technologies, and in particular, to an autonomous
lane change method and apparatus, and a storage medium.

BACKGROUND

[0003] Artificial intelligence (artificial intelligence, Al) is
a theory, a method, a technology, or an application system
that simulates, extends, and expands human intelligence by
using a digital computer or a machine controlled by the
digital computer, to perceive an environment, obtain knowl-
edge, and obtain an optimal result based on the knowledge.
In other words, artificial intelligence is a branch of computer
science, and is intended to understand essence of intelli-
gence and produce a new intelligent machine that can react
in a manner similar to human intelligence. Artificial intel-
ligence is to study design principles and implementation
methods of various intelligent machines, so that the
machines have perceiving, and decision-making and reason-
ing functions. Researches in the field of artificial intelligence
include robots, natural language processing, computer
vision, decision-making and reasoning, human-machine
interaction, recommendation and search, Al basic theories,
and the like.

[0004] Autonomous driving is a mainstream application in
the field of artificial intelligence. The autonomous driving
technology depends on computer vision, a radar, a monitor-
ing apparatus, a global positioning system, and the like to
collaborate with each other, 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 require
some initial or continuous input from operators (such as
navigators, drivers, or passengers). An autonomous vehicle
allows an operator to switch from a manual operation mode
to an autonomous driving mode or allows a mode between
the manual operation mode and the autonomous driving
mode. Because the autonomous driving technology does not
require a human to drive a motor vehicle, can theoretically
avoid human driving mistakes effectively, reduce traffic
accidents, and improve road transportation efficiency, the
autonomous driving technology attracts increasing attention.
In the field of autonomous driving technologies, a design of
intelligent lane change decision of autonomous vehicles also
faces great challenges.

[0005] In a related technology, an action value function Q
corresponding to a current state and action is simulated by
using a deep neural network. Input of the action value
function Q includes speed and distance information of a
neighboring vehicle closest to an autonomous vehicle and
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some road semantic information (for example, a lane in
which the autonomous vehicle is located is an acceleration
lane or a left-turn lane), where the autonomous vehicle is
used as a local semantic grid, so that an action with a highest
value of the action value function Q is selected as a current
decision action.

[0006] However, in the related technology, only the infor-
mation about the local neighboring vehicle of the autono-
mous vehicle is considered, but a global vehicle flow situ-
ation is not considered. Consequently, a generated decision
action is not a globally optimal decision action.

SUMMARY

[0007] Embodiments of this application provide an
autonomous lane change method and apparatus, and a stor-
age medium, to resolve a problem that a decision action
generated in a related technology is not a globally optimal
decision action.

[0008] According to a first aspect, an embodiment of this
application provides an autonomous lane change method,
including:

[0009] calculating a local neighbor feature and a global
statistical feature of an autonomous vehicle at a current
moment based on travel information of the autonomous
vehicle at the current moment and motion information of
obstacles in lanes within a sensing range of the autonomous
vehicle, where the local neighbor feature is used to represent
motion status information of a specific neighboring obstacle
of the autonomous vehicle relative to the autonomous
vehicle, and the global statistical feature is used to represent
denseness of the obstacles in the lanes within the sensing
range;

[0010] obtaining a target action indication based on the
local neighbor feature, the global statistical feature, and a
current control policy, where the target action indication is
used to indicate the autonomous vehicle to execute a target
action, and the target action includes at least two types: lane
change or keeping straight; and

[0011] executing the target action according to the target
action indication.

[0012] In the autonomous lane change method provided in
the first aspect, the local neighbor feature and the global
statistical feature of the autonomous vehicle at the current
moment are calculated based on the travel information of the
autonomous vehicle at the current moment and the motion
information of the obstacles in the lanes within the sensing
range of the autonomous vehicle. Further, the target action
indication is obtained based on the local neighbor feature,
the global statistical feature, and the current control policy,
and the target action is executed according to the target
action indication. It can be learned that, on the basis of the
local neighbor feature, the global statistical feature is further
introduced into the current control policy to obtain the target
action indication. Both information about local neighboring
obstacles (for example, other vehicles) and a macro situation
of the global statistical feature (for example, an overall
vehicle flow) are considered. Therefore, the target action
obtained by combining local and global road obstacle infor-
mation is a globally optimal decision action.

[0013] In a possible implementation, the method further
includes:

[0014] obtaining feedback information by executing the
target action, where the feedback information is used to
update the current control policy; the feedback information
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includes travel information generated after the autonomous
vehicle executes the target action, travel information of the
autonomous vehicle at a next moment, and motion infor-
mation of the obstacles in the lanes within the sensing range
of the autonomous vehicle at the next moment; and when the
target action is lane change, the feedback information further
includes a ratio of a period of time for executing the target
action to a historical average period of time, and a denseness
change between obstacles in a lane in which the autonomous
vehicle is located before lane change and obstacles in a lane
in which the autonomous vehicle is located after lane
change, where the historical average period of time is an
average period of time for which the autonomous vehicle
executes a similar action within a preset historical period of
time; and

[0015] updating the current control policy based on the
feedback information to obtain a control policy at the next
moment.

[0016] In this implementation, the feedback information is
obtained by executing the target action, and the current
control policy is updated based on the feedback information
to obtain the control policy at the next moment, so that a
target action at the next moment can be accurately deter-
mined at the next moment based on the control policy at the
next moment. It should be noted that, at a subsequent
moment, a control policy at a moment t may be continuously
updated based on feedback information at the moment t, to
obtain a control policy at a moment t+1, so that the control
policy for generating the target action is continuously adap-
tively updated and optimized. This ensures that there is an
optimal control policy corresponding to each moment, and
that an accurate target action at each moment is generated.
[0017] In a possible implementation, the updating the
current control policy based on the feedback information to
obtain a control policy at the next moment includes:
[0018] calculating, based on the feedback information, a
local neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment, and a reward
corresponding to the target action;

[0019] determining four-tuple information at the current
moment, where the four-tuple information at the current
moment corresponds to a vehicle condition at the current
moment, and includes: a feature at the current moment, the
target action, the reward corresponding to the target action,
and a feature at the next moment, where the feature at the
current moment includes the local neighbor feature and the
global statistical feature of the autonomous vehicle at the
current moment, and the feature at the next moment includes
the local neighbor feature and the global statistical feature of
the autonomous vehicle at the next moment; and

[0020] updating the current control policy based on the
four-tuple information at the current moment to obtain the
control policy at the next moment.

[0021] In a possible implementation, when the target
action is keeping straight, the updating the current control
policy based on the four-tuple information at the current
moment to obtain the control policy at the next moment
includes:

[0022] generating, based on the four-tuple information at
the current moment, a target value corresponding to the
four-tuple information;

[0023] iteratively updating, by using a gradient descent
method, a parameter q in a first preset function that includes
the target value; and
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[0024] replacing a parameter q in the current control
policy with an iteratively updated parameter q, to obtain the
control policy at the next moment.

[0025] In a possible implementation, when the target
action is lane change, the updating the current control policy
based on the four-tuple information at the current moment to
obtain the control policy at the next moment includes:
[0026] obtaining extended four-tuple information at the
current moment, where the extended four-tuple information
at the current moment corresponds to an extended vehicle
condition at the current moment, and the extended vehicle
condition at the current moment is obtained by processing
the vehicle condition at the current moment according to a
symmetry rule and a monotone rule, where the symmetry
rule indicates that locations of obstacles in all left lanes and
obstacles in all right lanes of the lane in which the autono-
mous vehicle is located are symmetrically exchanged by
using the lane in which the autonomous vehicle is located as
an axis, and the monotone rule indicates that a distance
increases between front and back neighboring obstacles of
the autonomous vehicle in a target lane of lane change
executed by the autonomous vehicle, and/or indicates that a
change in a distance between front and back neighboring
obstacles of the autonomous vehicle in a non-target lane is
less than a preset distance range; and

[0027] updating the current control policy based on the
four-tuple information at the current moment and the
extended four-tuple information at the current moment to
obtain the control policy at the next moment.

[0028] In a possible implementation, the updating the
current control policy based on the four-tuple information at
the current moment and the extended four-tuple information
at the current moment to obtain the control policy at the next
moment includes:

[0029] generating, based on i* four-tuple information in
the four-tuple information at the current moment and the
extended four-tuple information at the current moment, a
target value corresponding to the i four-tuple information,
where i is a positive integer not greater than n, and n is a total
quantity of four-tuple information included in the four-tuple
information at the current moment and the extended four-
tuple information at the current moment;

[0030] iteratively updating, by using a gradient descent
method, a parameter q in a second preset function that
includes the target value corresponding to the i four-tuple
information; and

[0031] replacing a parameter q in the current control
policy with an iteratively updated parameter q, to obtain the
control policy at the next moment.

[0032] In a possible implementation, when the target
action is keeping straight, the updating the current control
policy based on the four-tuple information at the current
moment to obtain the control policy at the next moment
includes:

[0033] updating the current control policy based on the
four-tuple information at the current moment, four-tuple
information at a historical moment, and extended four-tuple
information at the historical moment, to obtain the control
policy at the next moment.

[0034] The four-tuple information at the historical
moment corresponds to a vehicle condition at the historical
moment, and includes: a feature at the historical moment, a
target action at the historical moment, a reward correspond-
ing to the target action at the historical moment, and a
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feature at a next moment of the historical moment, where the
feature at the historical moment includes a local neighbor
feature and a global statistical feature of the autonomous
vehicle at the historical moment, and the feature at the next
moment of the historical moment includes a local neighbor
feature and a global statistical feature of the autonomous
vehicle at the next moment of the historical moment; and the
extended four-tuple information at the historical moment
corresponds to an extended vehicle condition at the histori-
cal moment, and the extended vehicle condition at the
historical moment is obtained by processing the vehicle
condition at the historical moment according to a symmetry
rule and a monotone rule.

[0035] In a possible implementation, the updating the
current control policy based on the four-tuple information at
the current moment, four-tuple information at a historical
moment, and extended four-tuple information at the histori-
cal moment, to obtain the control policy at the next moment
includes:

[0036] generating, based on j” four-tuple information in
the four-tuple information at the current moment, the four-
tuple information at the historical moment, and the extended
four-tuple information at the historical moment, a target
value corresponding to the j” four-tuple information, where
j is a positive integer not greater than m, and m is a total
quantity of four-tuple information included in the four-tuple
information at the current moment, the four-tuple informa-
tion at the historical moment, and the extended four-tuple
information at the historical moment;

[0037] iteratively updating, by using a gradient descent
method, a parameter q in a third preset function that includes
the target value corresponding to the j* four-tuple informa-
tion; and

[0038] replacing a parameter q in the current control
policy with an iteratively updated parameter q, to obtain the
control policy at the next moment.

[0039] In a possible implementation, when the target
action is lane change, the updating the current control policy
based on the four-tuple information at the current moment to
obtain the control policy at the next moment includes:
[0040] obtaining extended four-tuple information at the
current moment, where the extended four-tuple information
at the current moment corresponds to an extended vehicle
condition at the current moment, and the extended vehicle
condition at the current moment is obtained by processing
the vehicle condition at the current moment according to a
symmetry rule and a monotone rule; and

[0041] updating the current control policy based on the
four-tuple information at the current moment, the extended
four-tuple information at the current moment, four-tuple
information at a historical moment, and extended four-tuple
information at the historical moment to obtain the control
policy at the next moment, where the four-tuple information
at the historical moment corresponds to a vehicle condition
at the historical moment, the extended four-tuple informa-
tion at the historical moment corresponds to an extended
vehicle condition at the historical moment, and the extended
vehicle condition at the historical moment is obtained by
processing the vehicle condition at the historical moment
according to a symmetry rule and a monotone rule.

[0042] In a possible implementation, the updating the
current control policy based on the four-tuple information at
the current moment, the extended four-tuple information at
the current moment, four-tuple information at a historical
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moment, and extended four-tuple information at the histori-
cal moment to obtain the control policy at the next moment
includes:

[0043] generating, based on k? four-tuple information in
the four-tuple information at the current moment, the
extended four-tuple information at the current moment, the
four-tuple information at the historical moment, and the
extended four-tuple information at the historical moment, a
target value corresponding to the k” four-tuple information,
where k is a positive integer not greater than p, and p is a
total quantity of four-tuple information included in the
four-tuple information at the current moment, the extended
four-tuple information at the current moment, the four-tuple
information at the historical moment, and the extended
four-tuple information at the historical moment;

[0044] iteratively updating, by using a gradient descent
method, a parameter q in a fourth preset function that
includes the target value corresponding to the k* four-tuple
information; and

[0045] replacing a parameter q in the current control
policy with an iteratively updated parameter q, to obtain the
control policy at the next moment.

[0046] In a possible implementation, when the target
action is keeping straight, the calculating, based on the
feedback information, a local neighbor feature and a global
statistical feature of the autonomous vehicle at the next
moment, and a reward corresponding to the target action
includes:

[0047] calculating the reward based on travel information
generated after the autonomous vehicle executes the target
action; and

[0048] calculating the local neighbor feature and the
global statistical feature of the autonomous vehicle at the
next moment based on the travel information of the autono-
mous vehicle at the next moment and the motion informa-
tion of the obstacles in the lanes within the sensing range of
the autonomous vehicle at the next moment.

[0049] In a possible implementation, when the target
action is lane change, the calculating, based on the feedback
information, a local neighbor feature and a global statistical
feature of the autonomous vehicle at the next moment, and
a reward corresponding to the target action includes:
[0050] calculating the reward based on travel information
generated after the autonomous vehicle executes the target
action, a ratio of a period of time for executing the target
action to a historical average period of time, and a denseness
change between obstacles in a lane in which the autonomous
vehicle is located before lane change and obstacles in a lane
in which the autonomous vehicle is located after lane
change; and

[0051] calculating the local neighbor feature and the
global statistical feature of the autonomous vehicle at the
next moment based on the travel information of the autono-
mous vehicle at the next moment and the motion informa-
tion of the obstacles in the lanes within the sensing range of
the autonomous vehicle at the next moment.

[0052] In a possible implementation, the specific neigh-
boring obstacle of the autonomous vehicle includes at least
one of the following: front and back neighboring obstacles
of the autonomous vehicle in a lane in which the autono-
mous vehicle is located, front and back neighboring
obstacles of the autonomous vehicle in a left lane adjacent
to the lane in which the autonomous vehicle is located, and
front and back neighboring obstacles of the autonomous



US 2022/0080972 Al

vehicle in a right lane adjacent to the lane in which the
autonomous vehicle is located.

[0053] When the autonomous vehicle is located in a left
lane, motion status information, relative to the autonomous
vehicle, of the front and back neighboring obstacles of the
autonomous vehicle in the left lane adjacent to the lane in
which the autonomous vehicle is located is a default value;
and/or

[0054] when the autonomous vehicle is located in a right
lane, motion status information, relative to the autonomous
vehicle, of the front and back neighboring obstacles of the
autonomous vehicle in the right lane adjacent to the lane in
which the autonomous vehicle is located is a default value.
[0055] In a possible implementation, the global vehicle
traffic statistical feature of the autonomous vehicle at the
current moment includes at least one of the following: an
average travel speed and an average gap of all the obstacles
in the lanes within the sensing range.

[0056] According to a second aspect, an embodiment of
this application provides an autonomous lane change appa-
ratus, including:

[0057] a calculation module, configured to calculate a
local neighbor feature and a global statistical feature of an
autonomous vehicle at a current moment based on travel
information of the autonomous vehicle at the current
moment and motion information of obstacles in lanes within
a sensing range of the autonomous vehicle, where the local
neighbor feature is used to represent motion status informa-
tion of a specific neighboring obstacle of the autonomous
vehicle relative to the autonomous vehicle, and the global
statistical feature is used to represent denseness of the
obstacles in the lanes within the sensing range;

[0058] an obtaining module, configured to obtain a target
action indication based on the local neighbor feature, the
global statistical feature, and a current control policy, where
the target action indication is used to indicate the autono-
mous vehicle to execute a target action, and the target action
includes at least two types: lane change or keeping straight;
and

[0059] an execution module, configured to execute the
target action according to the target action indication.

[0060] In a possible implementation, the apparatus further
includes:
[0061] a feedback module, configured to obtain feedback

information by executing the target action, where the feed-
back information is used to update the current control
policy; the feedback information includes travel information
generated after the autonomous vehicle executes the target
action, travel information of the autonomous vehicle at a
next moment, and motion information of the obstacles in the
lanes within the sensing range of the autonomous vehicle at
the next moment; and when the target action is lane change,
the feedback information further includes a ratio of a period
of time for executing the target action to a historical average
period of time, and a denseness change between obstacles in
a lane in which the autonomous vehicle is located before
lane change and obstacles in a lane in which the autonomous
vehicle is located after lane change, where the historical
average period of time is an average period of time for which
the autonomous vehicle executes a similar action within a
preset historical period of time; and

[0062] an updating module, configured to update the cur-
rent control policy based on the feedback information to
obtain a control policy at the next moment.
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[0063] In a possible implementation, the updating module
includes:
[0064] a calculation unit, configured to calculate, based on

the feedback information, a local neighbor feature and a
global statistical feature of the autonomous vehicle at the
next moment, and a reward corresponding to the target
action;

[0065] a determining unit, configured to determine four-
tuple information at the current moment, where the four-
tuple information at the current moment corresponds to a
vehicle condition at the current moment, and includes: a
feature at the current moment, the target action, the reward
corresponding to the target action, and a feature at the next
moment, where the feature at the current moment includes
the local neighbor feature and the global statistical feature of
the autonomous vehicle at the current moment, and the
feature at the next moment includes the local neighbor
feature and the global statistical feature of the autonomous
vehicle at the next moment; and

[0066] an updating unit, configured to update the current
control policy based on the four-tuple information at the
current moment to obtain the control policy at the next
moment.

[0067] In a possible implementation, when the target
action is keeping straight, the updating unit is specifically
configured to:

[0068] generate, based on the four-tuple information at the
current moment, a target value corresponding to the four-
tuple information;

[0069] iteratively update, by using a gradient descent
method, a parameter q in a first preset function that includes
the target value; and

[0070] replace a parameter q in the current control policy
with an iteratively updated parameter q, to obtain the control
policy at the next moment.

[0071] In a possible implementation, when the target
action is lane change, the updating unit is specifically
configured to:

[0072] obtain extended four-tuple information at the cur-
rent moment, where the extended four-tuple information at
the current moment corresponds to an extended vehicle
condition at the current moment, and the extended vehicle
condition at the current moment is obtained by processing
the vehicle condition at the current moment according to a
symmetry rule and a monotone rule, where the symmetry
rule indicates that locations of obstacles in all left lanes and
obstacles in all right lanes of the lane in which the autono-
mous vehicle is located are symmetrically exchanged by
using the lane in which the autonomous vehicle is located as
an axis, and the monotone rule indicates that a distance
increases between front and back neighboring obstacles of
the autonomous vehicle in a target lane of lane change
executed by the autonomous vehicle, and/or indicates that a
change in a distance between front and back neighboring
obstacles of the autonomous vehicle in a non-target lane is
less than a preset distance range; and

[0073] update the current control policy based on the
four-tuple information at the current moment and the
extended four-tuple information at the current moment to
obtain the control policy at the next moment.

[0074] In a possible implementation, the updating unit is
specifically configured to:

[0075] generate, based on i? four-tuple information in the
four-tuple information at the current moment and the
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extended four-tuple information at the current moment, a
target value corresponding to the i four-tuple information,
where i is a positive integer not greater than n, and n is a total
quantity of four-tuple information included in the four-tuple
information at the current moment and the extended four-
tuple information at the current moment;

[0076] iteratively update, by using a gradient descent
method, a parameter q in a second preset function that
includes the target value corresponding to the i four-tuple
information; and

[0077] replace a parameter q in the current control policy
with an iteratively updated parameter q, to obtain the control
policy at the next moment.

[0078] In a possible implementation, when the target
action is keeping straight, the updating unit is specifically
configured to:

[0079] update the current control policy based on the
four-tuple information at the current moment, four-tuple
information at a historical moment, and extended four-tuple
information at the historical moment, to obtain the control
policy at the next moment.

[0080] The four-tuple information at the historical
moment corresponds to a vehicle condition at the historical
moment, and includes: a feature at the historical moment, a
target action at the historical moment, a reward correspond-
ing to the target action at the historical moment, and a
feature at a next moment of the historical moment, where the
feature at the historical moment includes a local neighbor
feature and a global statistical feature of the autonomous
vehicle at the historical moment, and the feature at the next
moment of the historical moment includes a local neighbor
feature and a global statistical feature of the autonomous
vehicle at the next moment of the historical moment; and the
extended four-tuple information at the historical moment
corresponds to an extended vehicle condition at the histori-
cal moment, and the extended vehicle condition at the
historical moment is obtained by processing the vehicle
condition at the historical moment according to a symmetry
rule and a monotone rule.

[0081] In a possible implementation, the updating unit is
specifically configured to:

[0082] generate, based on j* four-tuple information in the
four-tuple information at the current moment, the four-tuple
information at the historical moment, and the extended
four-tuple information at the historical moment, a target
value corresponding to the j” four-tuple information, where
j is a positive integer not greater than m, and m is a total
quantity of four-tuple information included in the four-tuple
information at the current moment, the four-tuple informa-
tion at the historical moment, and the extended four-tuple
information at the historical moment;

[0083] iteratively update, by using a gradient descent
method, a parameter q in a third preset function that includes
the target value corresponding to the j* four-tuple informa-
tion; and

[0084] replace a parameter q in the current control policy
with an iteratively updated parameter q, to obtain the control
policy at the next moment.

[0085] In a possible implementation, when the target
action is lane change, the updating unit is specifically
configured to:

[0086] obtain extended four-tuple information at the cur-
rent moment, where the extended four-tuple information at
the current moment corresponds to an extended vehicle
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condition at the current moment, and the extended vehicle
condition at the current moment is obtained by processing
the vehicle condition at the current moment according to a
symmetry rule and a monotone rule; and

[0087] update the current control policy based on the
four-tuple information at the current moment, the extended
four-tuple information at the current moment, four-tuple
information at a historical moment, and extended four-tuple
information at the historical moment to obtain the control
policy at the next moment, where the four-tuple information
at the historical moment corresponds to a vehicle condition
at the historical moment, the extended four-tuple informa-
tion at the historical moment corresponds to an extended
vehicle condition at the historical moment, and the extended
vehicle condition at the historical moment is obtained by
processing the vehicle condition at the historical moment
according to a symmetry rule and a monotone rule.

[0088] In a possible implementation, the updating unit is
specifically configured to:

[0089] generate, based on k? four-tuple information in the
four-tuple information at the current moment, the extended
four-tuple information at the current moment, the four-tuple
information at the historical moment, and the extended
four-tuple information at the historical moment, a target
value corresponding to the k* four-tuple information, where
k is a positive integer not greater than p, and p is a total
quantity of four-tuple information included in the four-tuple
information at the current moment, the extended four-tuple
information at the current moment, the four-tuple informa-
tion at the historical moment, and the extended four-tuple
information at the historical moment;

[0090] iteratively update, by using a gradient descent
method, a parameter q in a fourth preset function that
includes the target value corresponding to the k* four-tuple
information; and

[0091] replace a parameter q in the current control policy
with an iteratively updated parameter q, to obtain the control
policy at the next moment.

[0092] In a possible implementation, when the target
action is keeping straight, the calculation unit is specifically
configured to:

[0093] calculate the reward based on travel information
generated after the autonomous vehicle executes the target
action; and

[0094] calculate the local neighbor feature and the global
statistical feature of the autonomous vehicle at the next
moment based on the travel information of the autonomous
vehicle at the next moment and the motion information of
the obstacles in the lanes within the sensing range of the
autonomous vehicle at the next moment.

[0095] In a possible implementation, when the target
action is lane change, the calculation unit is specifically
configured to:

[0096] calculate the reward based on travel information
generated after the autonomous vehicle executes the target
action, a ratio of a period of time for executing the target
action to a historical average period of time, and a denseness
change between obstacles in a lane in which the autonomous
vehicle is located before lane change and obstacles in a lane
in which the autonomous vehicle is located after lane
change; and

[0097] calculate the local neighbor feature and the global
statistical feature of the autonomous vehicle at the next
moment based on the travel information of the autonomous
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vehicle at the next moment and the motion information of
the obstacles in the lanes within the sensing range of the
autonomous vehicle at the next moment.

[0098] In a possible implementation, the specific neigh-
boring obstacle of the autonomous vehicle includes at least
one of the following: front and back neighboring obstacles
of the autonomous vehicle in a lane in which the autono-
mous vehicle is located, front and back neighboring
obstacles of the autonomous vehicle in a left lane adjacent
to the lane in which the autonomous vehicle is located, and
front and back neighboring obstacles of the autonomous
vehicle in a right lane adjacent to the lane in which the
autonomous vehicle is located.

[0099] When the autonomous vehicle is located in a left
lane, motion status information, relative to the autonomous
vehicle, of the front and back neighboring obstacles of the
autonomous vehicle in the left lane adjacent to the lane in
which the autonomous vehicle is located is a default value;
and/or

[0100] when the autonomous vehicle is located in a right
lane, motion status information, relative to the autonomous
vehicle, of the front and back neighboring obstacles of the
autonomous vehicle in the right lane adjacent to the lane in
which the autonomous vehicle is located is a default value.
[0101] In a possible implementation, the global vehicle
traffic statistical feature of the autonomous vehicle at the
current moment includes at least one of the following: an
average travel speed and an average gap of all the obstacles
in the lanes within the sensing range.

[0102] According to a third aspect, an embodiment of this
application provides an autonomous lane change apparatus,
including a processor and a memory.

[0103] The memory is configured to store program
instructions.
[0104] The processor is configured to invoke and execute

the program instructions stored in the memory, and when the
processor executes the program instructions stored in the
memory, the autonomous lane change apparatus is config-
ured to perform the method according to any one of the
implementations of the first aspect.

[0105] According to a fourth aspect, an embodiment of
this application provides a computer-readable storage
medium. The computer-readable storage medium stores
instructions. When the instructions are run on a computer,
the computer is enabled to perform the method according to
any one of the implementations of the first aspect.

[0106] According to a fifth aspect, an embodiment of this
application provides a program. When executed by a pro-
cessor, the program is used to perform the method according
to any one of the implementations of the first aspect.
[0107] According to a sixth aspect, an embodiment of this
application provides a computer program product including
instructions. When the computer program product runs on a
computer, the computer is enabled to perform the method
according to any one of the implementations of the first
aspect.

[0108] According to a seventh aspect, an embodiment of
this application provides a control policy training method.
The method includes the following steps:

[0109] step A: obtaining four-tuple information at a preset
quantity of historical moments, where the four-tuple infor-
mation at the historical moments corresponds to vehicle
conditions at the historical moments, and includes: features
at the historical moments, target actions of an autonomous
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vehicle at the historical moments, rewards corresponding to
the target actions at the historical moments, and features at
next moments of the historical moments, where the features
at the historical moments include local neighbor features and
global statistical features of the autonomous vehicle at the
historical moments, and the features at the next moments of
the historical moments include local neighbor features and
global statistical features of the autonomous vehicle at the
next moments of the historical moments; and

[0110] step B: updating a current control policy based on
four-tuple information at at least one first historical moment,
extended four-tuple information at the at least one first
historical moment, and four-tuple information at at least one
second historical moment, to obtain a control policy at a next
moment.

[0111] The execution of cyclically performing step A and
step B ends until a quantity of execution times reaches a
preset quantity of times, or the execution of cyclically
performing step A and step B ends until a control policy
obtained by cyclically performing step A and step B for a
plurality of times satisfies a preset condition. The control
policy that is finally obtained by cyclically performing step
A and step B for the plurality of times is used to obtain a
target action indication by an autonomous lane change
apparatus when executing an autonomous lane change
method.

[0112] The four-tuple information at the at least one first
historical moment is four-tuple information at a historical
moment at which a target action at the historical moment is
lane change in the four-tuple information at the preset
quantity of historical moments. The four-tuple information
at the at least one second historical moment is four-tuple
information at historical moments other than the four-tuple
information at the at least one first historical moment in the
four-tuple information at the preset quantity of historical
moments. Extended four-tuple information at any first his-
torical moment corresponds to an extended vehicle condi-
tion at the first historical moment, and the extended vehicle
condition at the first historical moment is obtained by
processing a vehicle condition at the first historical moment
according to a symmetry rule and a monotone rule.

[0113] In the control policy training method provided in
the seventh aspect, the four-tuple information at the preset
quantity of historical moments is obtained. Further, the
current control policy is updated based on the four-tuple
information at the at least one first historical moment, the
extended four-tuple information at the at least one first
historical moment, and the four-tuple information at the at
least one second historical moment, to obtain the control
policy at the next moment. It can be learned that, on the basis
of the four-tuple information at the preset quantity of his-
torical moments, the current control policy is further
updated based on the extended four-tuple information at the
first historical moment in the four-tuple information at the
preset quantity of historical moments, so that a more accu-
rate control policy can be obtained, and a corresponding
target action can be accurately determined.

[0114] In a possible implementation, the updating a cur-
rent control policy based on four-tuple information at at least
one first historical moment, extended four-tuple information
at the at least one first historical moment, and four-tuple
information at at least one second historical moment, to
obtain a control policy at the next moment includes:
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[0115] generating, based on 1” four-tuple information in

the four-tuple information at the at least one first historical
moment, the extended four-tuple information at the at least
one first historical moment, and the four-tuple information at
the at least one second historical moment, a target value
corresponding to the 1 four-tuple information, where 1is a
positive integer not greater than ¢, and q is a total quantity
of four-tuple information included in the four-tuple infor-
mation at the at least one first historical moment, the
extended four-tuple information at the at least one first
historical moment, and the four-tuple information at the at
least one second historical moment;

[0116] iteratively updating, by using a gradient descent
method, a parameter q in a preset function that includes the
target value corresponding to the 1”* four-tuple information;
and

[0117] replacing a parameter q in the current control
policy with an iteratively updated parameter q, to obtain the
control policy at the next moment.

[0118] In a possible implementation, before the obtaining
four-tuple information at a preset quantity of historical
moments includes:

[0119] for each historical moment, calculating a local
neighbor feature and a global statistical feature of the
autonomous vehicle at the historical moment based on travel
information of the autonomous vehicle and motion infor-
mation of obstacles in lanes within a sensing range of the
autonomous vehicle;

[0120] obtaining a target action indication at the historical
moment based on the local neighbor feature and the global
statistical feature at the historical moment, and a current
control policy at the historical moment, where the target
action indication is used to indicate the autonomous vehicle
to execute a target action, and the target action includes at
least two types: lane change or keeping straight;

[0121] obtaining feedback information by executing the
target action, where the feedback information includes travel
information generated after the autonomous vehicle
executes the target action, travel information of the autono-
mous vehicle at a next moment, and motion information of
the obstacles in the lanes within the sensing range of the
autonomous vehicle at the next moment; and when the target
action is lane change, the feedback information further
includes a ratio of a period of time for executing the target
action to a historical average period of time, and a denseness
change between obstacles in a lane in which the autonomous
vehicle is located before lane change and obstacles in a lane
in which the autonomous vehicle is located after lane
change, where the historical average period of time is an
average period of time for which the autonomous vehicle
executes a similar action within a preset historical period of
time;

[0122] calculating, based on the feedback information, a
local neighbor feature and a global vehicle traffic statistical
feature of the autonomous vehicle at the next moment of the
historical moment, and a reward corresponding to the target
action; and

[0123] storing the four-tuple information at the historical
moment.
[0124] In a possible implementation, when the target

action is keeping straight, the calculating, based on the
feedback information, a reward corresponding to the target
action includes:
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[0125] calculating the reward based on travel information
generated after the autonomous vehicle executes the target
action.

[0126] In a possible implementation, when the target
action is lane change, the calculating, based on the feedback
information, a reward corresponding to the target action
includes:

[0127] calculating the reward based on travel information
generated after the autonomous vehicle executes the target
action, a ratio of a period of time for executing the target
action to a historical average period of time, and a denseness
change between obstacles in a lane in which the autonomous
vehicle is located before lane change and obstacles in a lane
in which the autonomous vehicle is located after lane
change.

[0128] According to an eighth aspect, an embodiment of
this application provides a control policy training apparatus,
including:

[0129] afirst obtaining module, configured to perform step
A of obtaining four-tuple information at a preset quantity of
historical moments, where the four-tuple information at the
historical moments corresponds to vehicle conditions at the
historical moments, and includes: features at the historical
moments, target actions of an autonomous vehicle at the
historical moments, rewards corresponding to the target
actions at the historical moments, and features at next
moments of the historical moments, where the features at the
historical moments include local neighbor features and
global statistical features of the autonomous vehicle at the
historical moments, and the features at the next moments of
the historical moments include local neighbor features and
global statistical features of the autonomous vehicle at the
next moments of the historical moments; and

[0130] an updating module, configured to perform step B
of updating a current control policy based on four-tuple
information at at least one first historical moment, extended
four-tuple information at the at least one first historical
moment, and four-tuple information at at least one second
historical moment, to obtain a control policy at a next
moment.

[0131] The execution of cyclically performing step A and
step B ends until a quantity of execution times reaches a
preset quantity of times, or the execution of cyclically
performing step A and step B ends until a control policy
obtained by cyclically performing step A and step B for a
plurality of times satisfies a preset condition. The control
policy that is finally obtained by cyclically performing step
A and step B for the plurality of times is used to obtain a
target action indication by an autonomous lane change
apparatus when executing an autonomous lane change
method.

[0132] The four-tuple information at the at least one first
historical moment is four-tuple information at a historical
moment at which a target action at the historical moment is
lane change in the four-tuple information at the preset
quantity of historical moments. The four-tuple information
at the at least one second historical moment is four-tuple
information at historical moments other than the four-tuple
information at the at least one first historical moment in the
four-tuple information at the preset quantity of historical
moments. Extended four-tuple information at any first his-
torical moment corresponds to an extended vehicle condi-
tion at the first historical moment, and the extended vehicle
condition at the first historical moment is obtained by
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processing a vehicle condition at the first historical moment
according to a symmetry rule and a monotone rule.

[0133] In a possible implementation, the updating module
includes:
[0134] a generation unit, configured to generate, based on

1 four-tuple information in the four-tuple information at the

at least one first historical moment, the extended four-tuple
information at the at least one first historical moment, and
the four-tuple information at the at least one second histori-
cal moment, a target value corresponding to the I”* four-tuple
information, where 1 is a positive integer not greater than q,
and q is a total quantity of four-tuple information included
in the four-tuple information at the at least one first historical
moment, the extended four-tuple information at the at least
one first historical moment, and the four-tuple information at
the at least one second historical moment;

[0135] an updating unit, configured to iteratively update,
by using a gradient descent method, a parameter q in a preset
function that includes the target value corresponding to the
1 four-tuple information; and

[0136] a replacing unit, configured to replace a parameter
q in the current control policy with an iteratively updated
parameter q, to obtain the control policy at the next moment.

[0137] In a possible implementation, the apparatus further
includes:
[0138] a first calculation module, configured to: for each

historical moment, calculate a local neighbor feature and a
global statistical feature of the autonomous vehicle at the
historical moment based on travel information of the autono-
mous vehicle and motion information of obstacles in lanes
within a sensing range of the autonomous vehicle;

[0139] a second obtaining module, configured to obtain a
target action indication at the historical moment based on the
local neighbor feature and the global statistical feature at the
historical moment, and a current control policy at the
historical moment, where the target action indication is used
to indicate the autonomous vehicle to execute a target action,
and the target action includes at least two types: lane change
or keeping straight; and

[0140] a feedback module, configured to obtain feedback
information by executing the target action, where the feed-
back information includes travel information generated after
the autonomous vehicle executes the target action, travel
information of the autonomous vehicle at a next moment,
and motion information of the obstacles in the lanes within
the sensing range of the autonomous vehicle at the next
moment; and when the target action is lane change, the
feedback information further includes a ratio of a period of
time for executing the target action to a historical average
period of time, and a denseness change between obstacles in
a lane in which the autonomous vehicle is located before
lane change and obstacles in a lane in which the autonomous
vehicle is located after lane change, where the historical
average period of time is an average period of time for which
the autonomous vehicle executes a similar action within a
preset historical period of time;

[0141] a second calculation module, configured to calcu-
late, based on the feedback information, the local neighbor
feature and the global vehicle traffic statistical feature of the
autonomous vehicle at the next moment of the historical
moment, and the reward corresponding to the target action;
and

[0142] a storage module, configured to store the four-tuple
information at the historical moment.
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[0143] In a possible implementation, when the target
action is keeping straight, the second calculation module is
specifically configured to:

[0144] calculate the reward based on travel information
generated after the autonomous vehicle executes the target
action.

[0145] In a possible implementation, when the target
action is lane change, the second calculation module is
specifically configured to:

[0146] calculate the reward based on travel information
generated after the autonomous vehicle executes the target
action, a ratio of a period of time for executing the target
action to a historical average period of time, and a denseness
change between obstacles in a lane in which the autonomous
vehicle is located before lane change and obstacles in a lane
in which the autonomous vehicle is located after lane
change.

[0147] According to a ninth aspect, an embodiment of this
application provides a control policy training apparatus,
including a processor and a memory.

[0148] The memory is configured to store program
instructions.
[0149] The processor is configured to invoke and execute

the program instructions stored in the memory. When the
processor executes the program instructions stored in the
memory, the control policy training apparatus is configured
to perform the method according to any one of the imple-
mentations of the seventh aspect.

[0150] According to a tenth aspect, an embodiment of this
application provides a computer-readable storage medium.
The computer-readable storage medium stores instructions.
When the instructions are run on a computer, the computer
is enabled to perform the method according to any one of the
implementations of the seventh aspect.

[0151] According to an eleventh aspect, an embodiment of
this application provides a program. When executed by a
processor, the program is used to perform the method
according to any one of the implementations of the seventh
aspect.

[0152] According to a twelfth aspect, an embodiment of
this application provides a computer program product
including instructions. When the computer program product
runs on a computer, the computer is enabled to perform the
method according to any one of the implementations of the
seventh aspect.

[0153] According to a thirteenth aspect, an embodiment of
this application provides a chip. The chip includes a pro-
cessor and a data interface. The processor reads, through the
data interface, instructions stored in a memory, to perform
the method according to any one of the implementations of
the first aspect or any one of the implementations of the
seventh aspect.

[0154] Optionally, in an implementation, the chip may
further include the memory. The memory stores instructions,
and the processor is configured to execute the instructions
stored in the memory. When the instructions are executed,
the processor is configured to perform the method according
to any one of the implementations of the first aspect or any
one of the implementations of the seventh aspect.

[0155] According to a fourteenth aspect, an embodiment
of this application provides an electronic device. The elec-
tronic device includes the autonomous lane change appara-
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tus according to any one of the implementations of the
second aspect or any one of the implementations of the third
aspect.

[0156] According to a fifteenth aspect, an embodiment of
this application provides an electronic device. The electronic
device includes the control policy training apparatus accord-
ing to any one of the implementations of the second aspect
or any one of the implementations of the third aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0157] FIG. 1 is a schematic diagram of a system archi-
tecture according to an embodiment of this application;
[0158] FIG. 2 is a function block diagram of a vehicle 100
according to an embodiment of this application;

[0159] FIG. 3 is a schematic structural diagram of the
computer system in FIG. 2;

[0160] FIG. 4 is a schematic diagram of a hardware
structure of a chip according to an embodiment of this
application;

[0161] FIG. 5 is a schematic diagram of an operating
environment according to an embodiment of this applica-
tion;

[0162] FIG. 6 is a schematic diagram 1 of a symmetry rule
according to an embodiment of this application;

[0163] FIG.7 is a schematic diagram 2 of a symmetry rule
according to an embodiment of this application;

[0164] FIG. 8 is a schematic diagram of a monotone rule
according to an embodiment of this application;

[0165] FIG. 9 is a schematic flowchart of a control policy
training method according to an embodiment of this appli-
cation;

[0166] FIG. 10 is a schematic flowchart of a control policy
training method according to another embodiment of this
application;

[0167] FIG. 11 is a schematic flowchart of an autonomous
lane change method according to an embodiment of this
application;

[0168] FIG. 12 is a schematic flowchart of an autonomous
lane change method according to another embodiment of
this application;

[0169] FIG. 13 is a schematic diagram of training data
according to an embodiment of this application;

[0170] FIG. 14 is a schematic structural diagram of an
autonomous lane change apparatus according to an embodi-
ment of this application;

[0171] FIG. 15 is a schematic structural diagram of an
autonomous lane change apparatus according to another
embodiment of this application;

[0172] FIG. 16 is a conceptual partial view of a computer
program product according to an embodiment of this appli-
cation;

[0173] FIG. 17 is a schematic structural diagram of a
control policy training apparatus according to an embodi-
ment of this application; and

[0174] FIG. 18 is a schematic structural diagram of a
control policy training apparatus according to another
embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0175] First, explanations and descriptions about applica-
tion scenarios and some terms related to the embodiments of
this application are provided.
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[0176] An autonomous lane change method and apparatus,
and a storage medium provided in the embodiments of this
application can be used in a lane change scenario of an
autonomous vehicle. For example, the autonomous lane
change method and apparatus, and the storage medium
provided in the embodiments of this application can be used
in a scenario A and a scenario B. The following separately
provides brief descriptions about the scenario A and the
scenario B.

[0177]

[0178] In a multi-lane travel process, an autonomous
vehicle needs to send a “straight-forward” or “lane-change”
command at an appropriate moment to increase a travel
speed. For example, as there is a vehicle traveling at a low
speed in front of the autonomous vehicle in a lane in which
the autonomous vehicle is located, the autonomous vehicle
needs to bypass the front vehicle.

[0179]

[0180] In a multi-lane travel process of the autonomous
vehicle, if there is a ramp, an intersection, or other road
structures in a lane in which the autonomous vehicle is
located, the autonomous vehicle needs to change to a
corresponding target lane before reaching the ramp or the
intersection, to complete a travel task. For example, if the
autonomous vehicle travels in a leftmost lane of a road, and
there is an intersection 500 meters ahead, the autonomous
vehicle needs to change to a rightmost lane before reaching
the intersection, and turn right at the intersection to reach a
destination.

[0181] Certainly, the autonomous lane change method and
apparatus, and the storage medium provided in the embodi-
ments of this application may alternatively be applied to
other scenarios. This is not limited in the embodiments of
this application.

[0182] FIG. 1 is a schematic diagram of a system archi-
tecture according to an embodiment of this application. As
shown in FIG. 1, the system architecture 1000 provided in
this embodiment of this application may include a training
device 1001 and an execution device 1002. The training
device 1001 is configured to train a control policy according
to a control policy training method provided in the embodi-
ments of this application. The execution device 1002 is
configured to determine, according to the control policy
trained by the training device 1001, a target action according
to an autonomous lane change method provided in the
embodiments of this application. Certainly, the execution
device 1002 may alternatively be configured to train the
control policy in real time, or train the control policy every
preset duration.

[0183] In the embodiments of this application, the control
policy training method may be performed by the training
device 1001, or may be performed by a control policy
training apparatus in the training device 1001. For example,
the control policy training apparatus provided in the embodi-
ments of this application may be implemented by using
software and/or hardware.

[0184] Inthe embodiments of this application, the autono-
mous lane change method may be performed by the execu-
tion device 1002, or may be performed by an autonomous
lane change apparatus in the execution device 1002. For
example, the autonomous lane change apparatus provided in
the embodiments of this application may be implemented by
using software and/or hardware.

Scenario A:

Scenario B:
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[0185] For example, the training device 1001 provided in
this embodiment of this application may include but not be
limited to a model training platform device.

[0186] For example, the execution device 1002 provided
in this embodiment of this application may include but not
be limited to an autonomous vehicle or a control device in
the autonomous vehicle.

[0187] FIG. 2 is a function 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, when the
vehicle 100 is configured to be in a partially autonomous
driving mode, the vehicle 100 may further determine a
current situation of the vehicle and its ambient environment
based on human operations, determine a possible behavior
of at least one vehicle in the ambient environment, deter-
mine a confidence level corresponding to the likelihood that
the vehicle is going to execute the possible behavior, and
control the vehicle 100 based on the determined informa-
tion. When the vehicle 100 is in the autonomous driving
mode, the vehicle 100 may be set to operate without
interaction with a person.

[0188] The vehicle 100 may include various subsystems,
for example, a travel system 102, a sensor system 104, a
control system 106, one or more peripheral devices 108, a
power supply 110, a computer system 112, and a user
interface 116. Optionally, the vehicle 100 may include fewer
or more subsystems, and each subsystem may include a
plurality of elements. In addition, all the subsystems and
elements of the vehicle 100 may be wiredly or wirelessly
interconnected to each other.

[0189] The travel system 102 may include a component
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
wheel/tire 121. The engine 118 may be an internal combus-
tion engine, an electric motor, an air compression engine, or
a combination of other types of engines, for example, a
hybrid engine formed by a gasoline engine and an electric
motor, or a hybrid engine formed by an internal combustion
engine and an air compression engine. The engine 118
converts the energy source 119 into mechanical energy.
[0190] Examples of the energy source 119 include gaso-
line, diesel, other oil-based fuels, propane, other compressed
gas-based fuels, ethanol, solar panels, batteries, and other
power sources. The energy source 119 may also provide
energy for another system of the vehicle 100.

[0191] The drive apparatus 120 may transmit mechanical
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, for example, a clutch.
The drive shaft may include one or more shafts that may be
coupled to one or more wheels 121.

[0192] The sensor system 104 may include several sensors
that sense information about an ambient environment of the
vehicle 100. For example, the sensor system 104 may
include a positioning system 122 (where the positioning
system may be a GPS system, a BeiDou system, or another
positioning system), an inertial measurement unit (inertial
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-vehicle air
quality monitor, a fuel gauge, and an oil temperature gauge)
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in an internal system of the monitored vehicle 100. Sensor
data from one or more of these sensors can be used to detect
an object and corresponding features (a location, a shape, a
direction, a speed, and the like) of the object. Such detection
and identification are key functions of a safety operation of
the autonomous vehicle 100.

[0193] 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 orientation
changes of the vehicle 100 based on inertial acceleration. In
an embodiment, the IMU 124 may be a combination of an
accelerometer and a gyroscope.

[0194] The radar 126 may sense an object in the ambient
environment of the vehicle 100 by using a radio signal. In
some embodiments, in addition to sensing the object, the
radar 126 may be further configured to sense a speed and/or
a moving direction of the object.

[0195] The laser rangefinder 128 may sense, by using a
laser, an object in an environment in which the vehicle 100
is located. In some embodiments, the laser rangefinder 128
may include one or more laser sources, a laser scanner, one
or more detectors, and another system component.

[0196] 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.

[0197] The control system 106 controls operations of the
vehicle 100 and the components of the vehicle 100. The
control system 106 may include various elements, including
a steering system 132, a throttle 134, a brake unit 136, a
sensor fusion algorithm 138, a computer vision system 140,
a route control system 142, and an obstacle avoidance
system 144.

[0198] The steering system 132 may operate to adjust a
moving direction of the vehicle 100. For example, in an
embodiment, the steering system 132 may be a steering
wheel system.

[0199] The throttle 134 is configured to control an oper-
ating speed of the engine 118 and further control a speed of
the vehicle 100.

[0200] 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 kinetic
energy of the wheel 121 into current. The brake unit 136
may alternatively reduce a rotational speed of the wheel 121
by using other methods, to control the speed of the vehicle
100.

[0201] The computer vision system 140 may operate to
process and analyze images captured by the camera 130 to
identify objects and/or features in the ambient environment
of the vehicle 100. The objects and/or features may include
traffic signals, road boundaries, and obstacles. The computer
vision system 140 may use an object recognition algorithm,
a structure from motion (structure from motion, SFM)
algorithm, video tracking, and other computer vision tech-
nologies. In some embodiments, the computer vision system
140 may be configured to: draw a map for an environment,
track an object, estimate a speed of the object, and the like.
[0202] The route control system 142 is configured to
determine a travel route of the vehicle 100. In some embodi-
ments, the route control system 142 may combine data from
the sensor 138, a global positioning system (global posi-
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tioning system, GPS) 122, and one or more predetermined
maps to determine the travel route of the vehicle 100.
[0203] The obstacle avoidance system 144 is configured to
identify, evaluate, and avoid or otherwise bypass a potential
obstacle in an environment of the vehicle 100.

[0204] Certainly, for example, the control system 106 may
add or alternatively include components in addition to those
shown and described. Alternatively, the control system 106
may not include some of the foregoing components.
[0205] The vehicle 100 interacts with an external sensor,
another vehicle, another computer system, or a user by using
the peripheral device 108. The peripheral device 108 may
include a wireless communication system 146, a vehicle-
mounted computer 148, a microphone 150, and/or a speaker
152.

[0206] 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 to receive user
input. The vehicle-mounted computer 148 may perform
operations through 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 microphone 150 may receive
audio (for example, according to a voice command or based
on other audio input) from the user of the vehicle 100.
Similarly, the speaker 152 may output audio to the user of
the vehicle 100.

[0207] The wireless communication system 146 may com-
municate wirelessly with one or more devices directly or
through a communication network. For example, the wire-
less communication system 146 may use 3G cellular com-
munication such as code division multiple access (code
division multiple access, CDMA), EVDO and the global
system for mobile communications (global system for
mobile communications, GSM)/general packet radio service
(general packet radio service, GPRS), 4G cellular commu-
nication such as LTE, or 5G cellular communication. The
wireless communication system 146 may communicate with
a wireless local area network (wireless local area network,
WLAN) using wireless-fidelity (wireless-fidelity, Wi-Fi). In
some embodiments, the wireless communication system 146
may communicate directly with a device by using an infra-
red link, Bluetooth, or a ZigBee protocol (ZigBee). Other
wireless protocols, for example, various vehicle communi-
cation systems, such as the wireless communication system
146, may include one or more dedicated short-range com-
munications (dedicated short-range communications,
DSRC) devices, and these devices may include public
and/or private data communication between the vehicle
and/or roadside stations.

[0208] The power supply 110 may supply power to vari-
ous 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 batter-
ies may be configured as the power supply to supply 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.

[0209] Some or all functions of the vehicle 100 are con-
trolled by the computer system 112. The computer system
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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 storage apparatus
114. The computer system 112 may alternatively be a
plurality of computing devices that control an individual
component or a subsystem of the vehicle 100 in a distributed
manner.

[0210] The processor 113 may be any conventional pro-
cessor, such as a commercially available central processing
unit (central processing unit, CPU). Alternatively, the pro-
cessor may be an application-specific integrated circuit
(application-specific integrated circuit, ASIC) for special-
ized applications or other dedicated devices such as a
hardware-based processor. Although FIG. 1 functionally
illustrates other elements of the processor, the memory, and
the computer system 112 in a same block, a person of
ordinary skill in the art should understand that the processor,
the computer, or the memory may actually include a plu-
rality 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 located in a housing different from that of the
computer. Thus, it is understood that a reference to the
processor or the computer includes a reference to a set of
processors or computers or memories that may or may not
operate in parallel. Different from using a single processor
to perform the steps described herein, some components
such as a steering component and a deceleration component
each may include respective processors. The processor per-
forms only computation related to a component-specific
function.

[0211] In various aspects described herein, the processor
may be located far away from the vehicle and wirelessly
communicate with the vehicle. In other aspects, some of the
processes described herein are performed on the processor
disposed inside the vehicle, while others are performed by a
remote processor. The processes include necessary steps for
performing a single operation.

[0212] In some embodiments, the data storage apparatus
114 may include the instructions 115 (for example, program
logic), 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 data
storage apparatus 114 may also include additional instruc-
tions, for example, instructions for sending data to, receiving
data from, interacting with, and/or controlling one or more
of the travel system 102, the sensor system 104, the control
system 106, and the peripheral device 108.

[0213] In addition to the instructions 115, the data storage
apparatus 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.

[0214] 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 include
one or more input/output devices in a set of peripheral
devices 108, for example, the wireless communication sys-
tem 146, the vehicle-mounted computer 148, the micro-
phone 150, and the speaker 152.
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[0215] The computer system 112 may control functions of
the vehicle 100 based on input 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 detected by the sensor system
104 and the obstacle avoidance system 144. In some
embodiments, the computer system 112 may operate to
provide control on the vehicle 100 and the subsystems of the
vehicle 100 in many aspects.

[0216] Optionally, one or more of the foregoing compo-
nents may be installed separately from or associated with the
vehicle 100. For example, the data storage apparatus 114
may be partially or totally separated from the vehicle 100.
The foregoing components may be communicatively
coupled together in a wired and/or wireless manner.

[0217] Optionally, the foregoing components are merely
examples. In actual application, components in the forego-
ing modules may be added or deleted depending on actual
requirements. FIG. 2 should not be understood as any
limitation on the embodiments of this application.

[0218] An autonomous vehicle traveling on a road, such as
the vehicle 100, may identify objects in the ambient envi-
ronment of the vehicle 100 to determine to adjust a current
speed. The objects may be the other vehicles, traffic control
devices, or objects of other types. In some examples, the
autonomous vehicle may separately consider each identified
obstacle, and determine an adjusted speed of the autono-
mous vehicle based on characteristics of each identified
obstacle such as a current speed, an acceleration, and a
distance between the autonomous vehicle (this autonomous
vehicle) and other vehicles.

[0219] Optionally, the autonomous vehicle 100 or com-
puting devices associated with the autonomous vehicle 100
(the computer system 112, the computer vision system 140,
and the data storage apparatus 114 in FIG. 2) may predict a
behavior of an identified obstacle based on characteristics of
the identified obstacle and statuses of the ambient environ-
ment (for example, traffic, rain, or ice on the road). Option-
ally, each of the identified obstacles depends on a behavior
of each other, and therefore a behavior of a single identified
obstacle may be predicted by considering all behaviors of
the identified obstacles. The vehicle 100 can adjust its speed
based on the predicted behavior of the identified object. In
other words, the autonomous vehicle can determine adjust-
ment (for example, acceleration, deceleration, or stop) based
on the predicted behavior of the object. In this process,
another factor may also be considered to determine the
speed of the vehicle 100, for example, a horizontal 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.

[0220] In addition to providing an instruction for adjusting
the speed of the autonomous vehicle, the computing device
may further provide an instruction for moditying a steering
angle of the vehicle 100, so that the autonomous vehicle can
follow a given track and/or maintain safe horizontal and
vertical distances from an obstacle (for example, a car in a
neighboring lane of the road) near the autonomous vehicle.

[0221] 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
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device, a trolley, a golf cart, a train, a handcart, or the like.
This is not specifically limited in the embodiments of the
present invention.

[0222] FIG. 3 is a schematic structural diagram of the
computer system 112 in FIG. 2. As shown in FIG. 3, the
computer system 112 includes a processor 113, and the
processor 113 is coupled to a system bus 105. The processor
113 may be one or more processors, and each processor may
include one or more processor cores. A display adapter
(video adapter) 107 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 (I/O) bus through a bus bridge
111. An I/O interface 115 is coupled to the 1/O bus. The 1/0
interface 115 communicates with a plurality of I/O devices,
such as an input device 117 (such as a keyboard, a mouse,
or a touchscreen), and a multimedia compact disc (media
tray) 121 (such as a CD-ROM or a multimedia interface).
The computer system 112 further includes a transceiver 123
(which can send and/or receive a radio communication
signal), a camera 155 (which can capture static and dynamic
digital video images), and an external USB interface 125.
Optionally, an interface connected to the 1/O interface 115
may be a universal serial bus (universal serial bus, USB)
interface.

[0223] The processor 113 may be any conventional pro-
cessor, including a reduced instruction set computing
(RISC) processor, a complex instruction set computing
(CISC) processor, or a combination thereof. Optionally, the
processor may be a dedicated apparatus such as an applica-
tion-specific integrated circuit (ASIC). Optionally, the pro-
cessor 113 may be a neural-network processor or a combi-
nation of the neural-network processor and the foregoing
conventional processor.

[0224] Optionally, in various embodiments of this appli-
cation, the computer system may be far away from the
autonomous vehicle and can wirelessly communicate with
the autonomous vehicle. In other aspects, some of the
processes described in this specification are performed by a
processor disposed inside the autonomous vehicle, and
others are performed by a remote processor, including
actions required to perform a single operation.

[0225] The computer system 112 may communicate with
a software deployment server 149 through a network inter-
face 129. The network interface 129 is a hardware network
interface, for example, a network interface card. A network
127 may be an external network such as the Internet, or an
internal network such as the Ethernet or a virtual private
network (VPN). Optionally, the network 127 may alterna-
tively be a wireless network such as a Wi-Fi network or a
cellular network.

[0226] A hard disk drive interface 131 is coupled to the
system bus 105. The hard disk drive interface 131 is
connected to a hard disk drive 133. A system memory 135
is coupled to the system bus 105. Software running in the
system memory 135 may include an operating system (oper-
ating system, OS) 137 and an application program 143 of the
computer system 112.

[0227] The operating system includes a shell 139 and a
kernel (kernel) 141. The shell 139 is an interface between a
user and the kernel (kernel) of the operating system. The
shell is an outermost layer of the operating system. The shell
manages interaction between the user and the operating
system: waiting for input of the user, interpreting the input
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of the user for the operating system, and processing various
output of the operating system.

[0228] The kernel 141 includes components of the oper-
ating system that are configured to manage a memory, a file,
a peripheral, and system resources. The kernel directly
interacts with hardware. The kernel 141 of the operating
system usually runs processes, provides inter-process com-
munication, and provides CPU time slice management,
interruption, memory management, [/O management, and
the like.

[0229] The application program 141 includes related pro-
grams for controlling vehicle’s autonomous driving, for
example, a program for managing interaction between the
autonomous vehicle and an obstacle on a road, a program for
controlling a route or a speed of the autonomous vehicle, or
a program for controlling interaction between the autono-
mous vehicle and another autonomous vehicle on the road.
The application program 141 may be on a system of the
software deployment server (deploying server) 149. In one
embodiment, when the application program 141 needs to be
executed, the computer system may download the applica-
tion program 143 from the deploying server 149.

[0230] A sensor 153 is associated with the computer
system. The sensor 153 is configured to detect an ambient
environment of the computer system 112. For example, the
sensor 153 can detect animals, automobiles, obstacles,
pedestrian crosswalks, and the like. Further, the sensor can
detect ambient environments of the animals, the automo-
biles, the obstacles, or the pedestrian crosswalks. For
example, the sensor can detect the ambient environment of
animals such as other animals in the ambient environment,
a weather condition, and brightness of the ambient environ-
ment. Optionally, if the computer system 112 is located on
the autonomous vehicle, the sensor may be a camera, an
infrared sensor, a chemical detector, a microphone, or the
like.

[0231] FIG. 4 is a schematic diagram of a hardware
structure of a chip according to an embodiment of this
application. As shown in FIG. 4, the chip may include a
neural-network processor 30. The chip may be disposed on
the execution device 1002 shown in FIG. 1, to complete the
autonomous lane change method provided in the embodi-
ments of this application. Alternatively, the chip may be
disposed on the training device 1001 shown in FIG. 1, to
complete the control policy training method provided in the
embodiments of this application.

[0232] The neural-network processor 30 may be any pro-
cessor, such as an NPU, a TPU, or a GPU, suitable for
large-scale exclusive OR operation processing. The NPU is
used as an example. The NPU may be mounted, as a
coprocessor, onto a host CPU (host CPU), and the host CPU
allocates a task to the NPU. A core part of the NPU is an
operation circuit 303. The operation circuit 303 is controlled
by a controller 304 to extract matrix data from memories
(301 and 302) and perform multiplication and addition.
[0233] In some implementations, the operation circuit 303
internally includes a plurality of processing units (process
engines, PEs). In some implementations, the operation cir-
cuit 303 is a two-dimensional systolic array. The operation
circuit 303 may alternatively be a one-dimensional systolic
array or another electronic circuit that can perform math-
ematical operations such as multiplication and addition. In
some implementations, the operation circuit 303 is a gen-
eral-purpose matrix processor.
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[0234] For example, it is assumed that there are an input
matrix A, a weight matrix B, and an output matrix C. The
operation circuit 303 obtains weight data of the matrix B
from the weight memory 302, and buffers the weight data on
each PE in the operation circuit 303. The operation circuit
303 obtains input data of the matrix A from the input
memory 301, performs a matrix operation based on the input
data of the matrix A and the weight data of the matrix B, to
obtain a partial result or a final result of the matrix, and
stores the partial result or the final result into an accumulator
(accumulator) 308.

[0235] A unified memory 306 is configured to store input
data and output data. The weight data is directly transferred
to the weight memory 302 by using a direct memory access
controller (direct memory access controller, DMAC) 305.
The input data is also transferred to the unified memory 306
by using the DMAC.

[0236] A bus interface unit (bus interface unit, BIU) 310
is used for interaction between the DMAC and an instruction
fetch buffer (instruction fetch buffer) 309. The bus interface
unit 301 is further used by the instruction fetch buffer 309 to
obtain an instruction from an external memory. The bus
interface unit 301 is further used by the storage unit access
controller 305 to obtain original data of the input matrix A
or the weight matrix B from the external memory.

[0237] The DMAC is mainly configured to transfer input
data in an external memory DDR to the unified memory 306,
or transfer the weight data to the weight memory 302, or
transfer the input data to the input memory 301.

[0238] A vector calculation unit 307 includes a plurality of
operation processing units, and if required, performs further
processing such as vector multiplication, vector addition, an
exponential operation, a logarithmic operation, or value
comparison on an output of the operation circuit 303. The
vector calculation unit 307 is mainly configured for calcu-
lation at a non-convolutional layer or a fully connected layer
(FC, fully connected layer) of a neural network, and may
specifically perform pooling (pooling), normalization (nor-
malization), and other calculation. For example, the vector
calculation unit 307 may apply a non-linear function to the
output of the operation circuit 303. For example, the non-
linear function is applied to a vector of an accumulated value
to generate an activation value. In some implementations,
the vector calculation unit 307 generates a normalized value,
a combined value, or both.

[0239] In some implementations, the vector calculation
unit 307 stores a processed vector into the unified memory
306. In some implementations, a vector processed by the
vector calculation unit 307 can be used as an activated input
of the operation circuit 303.

[0240] The instruction fetch buffer (instruction fetch buf-
fer) 309 connected to the controller 304 is configured to
store an instruction used by the controller 304.

[0241] The unified memory 306, the input memory 301,
the weight memory 302, and the instruction fetch buffer 309
all are on-chip memories. The external memory is indepen-
dent of the hardware architecture of the NPU.

[0242] FIG. 5 is a schematic diagram of an operating
environment according to an embodiment of this applica-
tion. As shown in FIG. 5, a cloud service center may receive
information (for example, data collected by vehicle sensors
or other information) from autonomous vehicles 510 and
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512 in an operating environment 500 of the cloud service
center via a network 502 (for example, a wireless commu-
nication network).

[0243] For example, the cloud service center 520 may
receive travel information (for example, a travel speed
and/or a travel location) of the autonomous vehicle 510 at
any moment from the autonomous vehicle 510 via the
network 502 (for example, a wireless communication net-
work) and travel information of another vehicle within a
sensing range of the autonomous vehicle 510, and the like.
[0244] The cloud service center 520 may run, based on the
received information, a related program that is for control-
ling vehicle’s autonomous driving and that is stored in the
cloud service center 520, to control the autonomous vehicles
510 and 512. The related program for controlling vehicle’s
autonomous driving may be a program for managing inter-
action between the autonomous vehicle and an obstacle on
a road, a program for controlling a route or a speed of the
autonomous vehicle, or a program for controlling interaction
between the autonomous vehicle and another autonomous
vehicle on the road.

[0245] The network 502 provides a map to the autono-
mous vehicles 510 and 512.

[0246] For example, a plurality of cloud service centers
may receive, validate, combine, and/or send information
reports. In some examples, information reports and/or sensor
data may also be sent between autonomous vehicles.
[0247] In some examples, the cloud service center 520
may send, to the autonomous vehicle (or an autonomous
car), a suggested solution (for example, prompt for an
obstacle ahead and a solution about how to bypass the
obstacle to the autonomous vehicle) that is made based on
possible driving conditions within the environment. For
example, the cloud service center 520 may assist the vehicle
in determining how to travel when there is a specific obstacle
ahead in the environment. The cloud service center 520 may
send, to the autonomous vehicle, a response indicating how
the vehicle should travel in a given scenario. For example,
the cloud service center may determine, based on collected
sensor data, that there is a temporary stop sign in the road
ahead; and further determine, based on a “lane closed” sign
and sensor data from a construction vehicle, that the lane is
closed due to construction. Accordingly, the cloud service
center 520 may send a suggested operation mode to the
autonomous vehicle to bypass the obstacle (for example,
indicating the vehicle to change to another lane). When the
cloud service center 520 observes a video stream within its
operating environment and has confirmed that the autono-
mous vehicle can safely and successfully bypass the
obstacle, the operation steps used by the autonomous vehicle
may be added to the driving information map. Accordingly,
this information may be sent to other vehicles in the area that
may encounter the same obstacle, to assist the other vehicles
in identifying the closed lane and knowing how to bypass the
obstacle.

[0248] It should be noted that, the autonomous vehicle 510
and/or 512 in a running process may autonomously control
traveling, without being controlled by the cloud service
center 520.

[0249] A local neighbor feature at any moment in the
embodiments of this application is used to indicate motion
status information (for example, a relative distance and a
relative speed) of a specific neighboring obstacle of the
autonomous vehicle relative to the autonomous vehicle.
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[0250] For example, the specific neighboring obstacle may
include but not be limited to at least one of the following:
front and back neighboring obstacles of the autonomous
vehicle in a lane in which the autonomous vehicle is located,
front and back neighboring obstacles of the autonomous
vehicle in a left lane adjacent to the lane in which the
autonomous vehicle is located, and front and back neigh-
boring obstacles of the autonomous vehicle in a right lane
adjacent to the lane in which the autonomous vehicle is
located.

[0251] For example, when the autonomous vehicle is
located in a left lane, motion status information, relative to
the autonomous vehicle, of the front and back neighboring
obstacles of the autonomous vehicle in the left lane adjacent
to the lane in which the autonomous vehicle is located is a
default value; and/or when the autonomous vehicle is
located in a right lane, motion status information, relative to
the autonomous vehicle, of the front and back neighboring
obstacles of the autonomous vehicle in the right lane adja-
cent to the lane in which the autonomous vehicle is located
is a default value.

[0252] The obstacle in the embodiments of this application
may be a dynamically moving obstacle, or may be a static
obstacle. For example, the obstacle may include but not be
limited to at least one of the following: an autonomous
vehicle, a non-autonomous motor vehicle, a person, or an
object. For example, when the specific neighboring obstacle
is a static obstacle, the relative distance of the specific
neighboring obstacle relative to the autonomous vehicle may
be a distance between the neighboring obstacle and the
autonomous vehicle, and the relative speed of the specific
neighboring obstacle relative to the autonomous vehicle may
be a moving speed of the autonomous vehicle.

[0253] For example, the local neighbor feature of the
autonomous vehicle at any moment may include but not be
limited to: a relative speed V,//V ego and a relative distance
disth/Vego of a front neighboring obstacle of the autono-
mous vehicle in the lane in which the autonomous vehicle is
located relative to the autonomous vehicle, a relative speed
VAV g0 and a relative distance dist,2/vV ego Of @ back
neighboring obstacle of the autonomous vehicle in the lane
in which the autonomous vehicle is located relative to the
autonomous vehicle, a relative speed VLf/Vego and a relative
distance dist,//V, g0 Of @ front neighboring obstacle of the
autonomous vehicle in the left lane adjacent to the lane in
which the autonomous vehicle is located relative to the
autonomous vehicle, a relative speed V,*/V, g0 and a relative
distance distLb/Vego of a back neighboring obstacle of the
autonomous vehicle in the left lane adjacent to the lane in
which the autonomous vehicle is located relative to the
autonomous vehicle, a relative speed V77V ego and a relative
distance disty/V. g0 Of a front neighboring obstacle of the
autonomous vehicle in the right lane adjacent to the lane in
which the autonomous vehicle is located relative to the
autonomous vehicle, and a relative speed V,/V ego a0d a
relative distance disty”/V, «go 0f a back neighboring obstacle
of the autonomous vehicle in the right lane adjacent to the
lane in which the autonomous vehicle is located relative to
the autonomous vehicle.

[0254] Optionally, the local neighbor feature of the
autonomous vehicle at any moment may further include
location information flag between a navigated target lane
and the lane in which the autonomous vehicle is located, and
a distance dist2goal between the autonomous vehicle and a
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next intersection in a travel direction. flage{0, -1, 1}, where
flag equal to 0 indicates that the autonomous vehicle is in the
navigated target lane, flag equal to -1 indicates that the
navigated target lane is on the left side of the lane in which
the autonomous vehicle is located, and flag equal to 1
indicates that the navigated target lane is on the right side of
the lane in which the autonomous vehicle is located.
[0255] A global statistical feature at any moment in the
embodiments of this application is used to indicate dense-
ness of obstacles in lanes within a sensing range (namely, a
range that can be detected by sensors of the autonomous
vehicle, for example, a range in which a distance between
the obstacle and the autonomous vehicle is within a preset
gap).

[0256] For example, the global statistical feature at any
moment may include but not be limited to at least one of the
following: an average travel speed and an average gap of all
the obstacles in the lanes within the sensing range. For
example, if the average gap of all the obstacles in the lane
is less than a preset gap, it indicates that the obstacles in the
lane are relatively dense. If the average gap of all the
obstacles in the lane is greater than or equal to the preset gap,
it indicates that the obstacles in the lane are relatively sparse.
For example, the global statistical feature at any moment
may include but not be limited to: an average gap gap;
between front and back neighboring obstacles in all lanes on
the left side of the lane in which the autonomous vehicle is
located, an average gap gap,, between front and back neigh-
boring obstacles in the lane in which the autonomous vehicle
is located, an average gap gapy between front and back
neighboring obstacles in all lanes on the right side of the lane
in which the autonomous vehicle is located, an average
travel speed V; of obstacles in all the lanes on the left side
of the lane in which the autonomous vehicle is located, an
average travel speed V,,of obstacles in the lane in which the
autonomous vehicle is located, and an average travel speed
V of obstacles in all the lanes on the right side of the lane
in which the autonomous vehicle is located.

[0257] Optionally, the local neighbor feature and the
global statistical feature of the autonomous vehicle at any
moment in the embodiments of this application may be
features obtained through discretization processing, and can
satisfy that a discrete granularity is small in a low-speed
dense scenario and a discrete granularity is large in a
high-speed sparse scenario. For example, details are as
follows.

[0258] (1) When a vehicle speed of the autonomous
vehicleis V, =V ;.0 (for example, 20 kim/h), a precision
of'a local relative distance feature is 0.01, and a precision of
a local relative speed feature is 0.05. For example, if a local
relative distance feature is 0.1123, the precision of the local
relative distance feature is 0.11 after discretization. Ifa local
relative speed feature is 0.276, the precision of the local
relative speed feature is 0.25 after discretization.

[0259] (2) When a vehicle speed of the autonomous
vehicle is V,,,=V 4, 0:4 the precision of the local relative
distance feature is 0.05, and the precision of the local
relative speed feature is 0.1.

[0260] (3) A precision of an average gap feature is uni-
formly 0.01, and a precision of an average speed feature is
uniformly 0.01.

[0261] A target action indication in the embodiments of
this application is used to indicate the autonomous vehicle to
execute a target action. For example, the target action may
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include but not be limited to at least the following two types:
lane change or keeping straight. Lane change may include
changing to a left adjacent lane or changing to a right
adjacent lane.

[0262] Four-tuple information (s, a, r, s') at any moment in
the embodiments of this application corresponds to a vehicle
condition at the moment, and may include: a feature s at the
moment, a target action a of the autonomous vehicle at the
moment, a reward r corresponding to the target action at the
moment, and a feature s' at a next moment of the moment.
The feature s at the moment may include a local neighbor
feature s, and a global statistical feature s* of the autonomous
vehicle at the moment. The feature at the next moment of the
moment may include a local neighbor feature s; and a global
statistical feature s*' of the autonomous vehicle at the next
moment.

[0263] FIG. 6 is a schematic diagram 1 of a symmetry rule
according to an embodiment of this application. FIG. 7 is a
schematic diagram 2 of a symmetry rule according to an
embodiment of this application. As shown in FIG. 6 and
FIG. 7, the symmetry rule in the embodiments of this
application indicates that locations of obstacles in all left
lanes and obstacles in all right lanes of the lane in which the
autonomous vehicle is located are symmetrically exchanged
by using the lane in which the autonomous vehicle is located
as an axis.

[0264] FIG. 8 is a schematic diagram of a monotone rule
according to an embodiment of this application. As shown in
FIG. 8, the monotone rule in the embodiments of this
application indicates that a distance increases between front
and back neighboring obstacles of the autonomous vehicle
in a target lane of lane change executed by the autonomous
vehicle, and/or indicates that a change in a distance between
front and back neighboring obstacles of the autonomous
vehicle in a non-target lane is less than a preset distance
range. For example, assuming that a back neighboring
vehicle in the target lane of lane change executed by the
autonomous vehicle is A, a front neighboring vehicle in the
target lane is D, a front neighboring vehicle in the non-target
lane is B, and a back neighboring vehicle in the non-target
lane is C, the monotone rule may include but not be limited
to the following operations.

[0265] Operation 1: The vehicle A moves backward by a
preset distance 1 or decreases a speed by a preset value 1.
[0266] Operation 2: The vehicle D moves forward by a
preset distance 2 or increases a speed by a preset value 2.
[0267] Operation 3: The vehicle B moves forward or
backward by a preset distance 3, or increases or decreases a
speed by a preset value 3.

[0268] Operation 4: The vehicle C moves forward or
backward by a preset distance 4, or increases or decreases a
speed by a preset value 4.

[0269] Extended four-tuple information at any moment in
the embodiments of this application corresponds to an
extended vehicle condition at the moment, and the extended
vehicle condition at the moment is obtained by processing
the vehicle condition at the moment according to a symme-
try rule and a monotone rule.

[0270] For example, the extended four-tuple information
at any moment may include symmetric four-tuple informa-
tion (s, a,, 1, s,') and monotonic four-tuple information (s,,,,
a,, r, s,) at the moment. The symmetric four-tuple infor-
mation (s, a,, 1, s.') at the moment is obtained by construct-
ing four-tuple information (s, a, r, s') at the moment accord-
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ing to the symmetry rule. s, represents a symmetric feature
of's, a, represents a symmetric action of a, and s_' represents
a symmetric feature of s'. The monotonic four-tuple infor-
mation (s, a,, I, s,,") at the moment is obtained by con-
structing the four-tuple information (s, a, r, s') at the moment
according to the monotone rule. s,, represents a monotonic
feature of s, a,, represents a monotonic action of a (for
example, a, may be equal to a), and s,,' represents a
monotonic feature of s'.

[0271] The following parts in the embodiments of this
application separately describe a manner of constructing the
symmetric four-tuple information (s,, a,, r, s.)) and the
monotonic four-tuple information at any moment.

[0272] (1) Assuming that s, in the four-tuple information
(s, a, 1, s') at any moment is as follows:
s( Vego,disth/ Vego,disth/ Vego,distRf/ Vego,distLb/ Vegor
disth/IZEgo,distRbl{Vego, V{évego, VAtV g V!
Vego’ v,/ Vego’ Vag/ Vego’ V'] Vego)
[0273] s, in the symmetric four-tuple information (s,, a,,

r, s.') at the moment is determined as follows according to
the symmetry rule:

seﬁ(Vego,distRf/V dist 7V,

egor egor
disty 2/ g ordists Vg, VATV o Vid Vg Vi

egor egor
V2V oot Vad /Y oo VilV o)

ego’ ego’ ego.

dist/7V, ., distz?/7,

ego’

Vego’

[0274] (2) Assuming that s, in the four-tuple information
(s, a, 1, s') at any moment is as follows:

5,~(22P1,83P3 280 V1, Var V)

S.¢ in the symmetric four-tuple information (s, a,, t, s,.') at
the moment is determined as follows according to the
symmetry rule:

Seg— (BAPR,22PArEAP Y5 VaVasVi)-

[0275] Therefore, s, is constructed based on s_; and s,
[0276] (3) a, in the symmetric four-tuple information (s,,
a,, r, s,') at the moment is determined as follows according
to the symmetry rule:

I8
1}
<

Qe =

D= o
Q
1}
-

I8
1l

where
[0277] a equal to 0 indicates to keep straight, a equal to 1
indicates to change to a left adjacent lane, and a equal to 2
indicates to change to a right adjacent lane.
[0278] It should be noted that a construction manner of s’
in the symmetric four-tuple information (s,, a,, 1, s,') at the
moment is similar to the construction manner of s,. Details
are not described herein again.
[0279] For example, assuming that relative distance fea-
tures, obtained through normalization, of vehicles A, B, C,
and D are d, dz, d., dj, relative speed features obtained
through normalization are v, vz, Vo, Vp, A, represents a
relative distance precision corresponding to a current speed,
and A, represents a relative speed precision corresponding to
a current vehicle speed, a value of (d, v, dg, vz, de, Vo, dp,
vp,) is changed, according to the monotone rule, to a value
in a set including 2%*2*3*3%*3*3%*2%) elements:
S Bad 15 {v.~A, vatx{dp=Ag dp,dp+Atx
{DgAu v, vprd p{d Ay dod oA px{ve-A,,
ViverA, px{dp-Agdpx{vp-A,vp}.
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Therefore, a preset quantity (for example, 10) groups are
randomly selected from the foregoing set, to constitute s,,,; in
the monotonic four-tuple information (s,,, a,,, 1, s,,") at the
moment.

[0280] Optionally, assuming that s, in the four-tuple infor-
mation (s, a, r, s') at any moment is equal to s, in the
monotonic four-tuple information (s,, a,, I, s,') at the
moment, and s,, is constructed based on s,,; and s,,,.
[0281] It should be noted that a construction manner s, of
the monotonic four-tuple information (s,,, a,,, 1, s,,") at the
moment is similar to the construction manner of's,,,. Details
are not described herein again.

[0282] It should be noted that, when the training device
1001 performs the control policy training method provided
in the embodiments of this application, related information
such as an autonomous vehicle, an obstacle, and a lane may
be simulated road information on the training device 1001 or
historical data generated on actual roads. When the execu-
tion device 1002 performs the autonomous lane change
method provided in the embodiments of this application,
related information such as an autonomous vehicle, an
obstacle, and a lane is actual real-time road information.
[0283] The following describes the method provided in
this application from a control policy (or a control policy
model) training side and a control policy application side.
[0284] The control policy training method provided in the
embodiments of this application relates to computer pro-
cessing, and may be specifically applied to data processing
methods such as data training, machine learning, and deep
learning. The control policy training method may be used to
perform symbolic and formal intelligence information mod-
eling on, extract, pre-process, and train training data (for
example, four-tuple information at a preset quantity of
historical moments in the embodiments of this application),
to obtain a trained control policy. In addition, in the autono-
mous lane change method provided in the embodiments of
this application, the foregoing trained control policy may be
used. Data (for example, a local neighbor feature and a
global statistical feature in the embodiment of this applica-
tion) is input into the trained control policy, to obtain output
data (for example, a target action indication in the embodi-
ments of this application). Certainly, in the autonomous lane
change method, the control policy may be updated in real
time, or the control policy may be updated every preset
duration. It should be noted that the control policy training
method and the control policy application method provided
in the embodiments of this application are inventions gen-
erated based on a same concept, and may alternatively be
understood as two parts in a system or two phases of an
overall process, for example, a control policy training phase
and a control policy application phase.

[0285] The following several specific embodiments may
be combined with each other, and same or similar concepts
or processes may not be described repeatedly in some
embodiments.

[0286] The following specifically describes the control
policy training method provided in the embodiments of this
application.

[0287] FIG. 9 is a schematic flowchart of a control policy
training method according to an embodiment of this appli-
cation. The method in this embodiment may be specifically
performed by the training device 1001 shown in FIG. 1. As
shown in FIG. 9, the method provided in this embodiment of
this application may include the following steps.
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[0288] Step S901: Obtain four-tuple information at a pre-
set quantity of historical moments.

[0289] In this step, the four-tuple information at the preset
quantity of historical moments is obtained from a database.
Four-tuple information at any historical moment corre-
sponds to a vehicle condition at the historical moment, and
may include but not be limited to: a feature at the historical
moment, a target action of an autonomous vehicle at the
historical moment (namely, a target action determined
according to a corresponding control policy at the historical
moment), a reward corresponding to the target action at the
historical moment, and a feature at a next moment of the
historical moment.

[0290] For example, the feature at the historical moment
may include but not be limited to a local neighbor feature
and a global statistical feature of the autonomous vehicle at
the historical moment.

[0291] For example, the feature at the next moment of the
historical moment may include but not be limited to a local
neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment.

[0292] A local neighbor feature of the autonomous vehicle
at any moment in this embodiment of this application is used
to indicate motion status information (for example, a relative
distance and a relative speed) of a specific neighboring
obstacle of the autonomous vehicle relative to the autono-
mous vehicle at the moment.

[0293] Forexample, the specific neighboring obstacle may
include but not be limited to: front and back neighboring
obstacles of the autonomous vehicle in a lane in which the
autonomous vehicle is located at the moment, front and back
neighboring obstacles of the autonomous vehicle in a left
lane adjacent to the lane in which the autonomous vehicle is
located at the moment, and front and back neighboring
obstacles of the autonomous vehicle in a right lane adjacent
to the lane in which the autonomous vehicle is located at the
moment.

[0294] A global statistical feature of the autonomous
vehicle at any moment in this embodiment of this applica-
tion is used to represent denseness of obstacles in lanes
within a sensing range of the autonomous vehicle at the
moment, for example, an average travel speed and an
average gap of all the obstacles in the lanes at the moment.

[0295] For example, the global statistical feature at any
moment may include but not be limited to: an average gap
between front and back neighboring obstacles in all lanes on
the left side of the lane in which the autonomous vehicle is
located at the moment, an average gap between front and
back neighboring obstacles in the lane in which the autono-
mous vehicle is located at the moment, an average gap
between front and back neighboring obstacles in all lanes on
the right side of the lane in which the autonomous vehicle is
located at the moment, an average travel speed of obstacles
in all the lanes on the left side of the lane in which the
autonomous vehicle is located at the moment, an average
travel speed of obstacles in the lane in which the autono-
mous vehicle is located at the moment, and an average travel
speed of obstacles in all the lanes on the right side of the lane
in which the autonomous vehicle is located at the moment.

[0296] Step S902: Update a current control policy based
on four-tuple information at at least one first historical
moment, extended four-tuple information at the at least one
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first historical moment, and four-tuple information at at least
one second historical moment, to obtain a control policy at
a next moment.

[0297] For example, the four-tuple information at the at
least one first historical moment is four-tuple information
corresponding to a historical moment at which a target
action of the autonomous vehicle at the historical moment is
lane change in the four-tuple information at the preset
quantity of historical moments.

[0298] For example, the four-tuple information at the at
least one second historical moment is four-tuple information
at historical moments other than the four-tuple information
at the at least one first historical moment in the four-tuple
information at the preset quantity of historical moments, that
is, four-tuple information at a historical moment at which the
target action of the autonomous vehicle at the historical
moment is keeping straight in the four-tuple information at
the preset quantity of historical moments.

[0299] For example, it is assumed that the four-tuple
information at the preset quantity of historical moments may
include: four-tuple information at a historical moment (1) (a
target action of the autonomous vehicle at the historical
moment (1) is lane change), four-tuple information at a
historical moment (2) (a target action of the autonomous
vehicle at the historical moment (2) is keeping straight),
four-tuple information at a historical moment (3) (a target
action of the autonomous vehicle at the historical moment
(3) is lane change), and four-tuple information at a historical
moment (4) (a target action of the autonomous vehicle at the
historical moment (4) is keeping straight), the four-tuple
information at the at least one first historical moment may
include the four-tuple information at the historical moment
(1) and the four-tuple information at the historical moment
(3), and the four-tuple information at the at least one second
historical moment may include the four-tuple information at
the historical moment (2) and the four-tuple information at
the historical moment (4).

[0300] Extended four-tuple information at any first his-
torical moment in this embodiment of this application cor-
responds to an extended vehicle condition at the first his-
torical moment, and is obtained by processing a vehicle
condition at the first historical moment according to a
symmetry rule and a monotone rule.

[0301] The symmetry rule in this embodiment of this
application indicates that locations of obstacles in all left
lanes and obstacles in all right lanes of the lane in which the
autonomous vehicle is located are symmetrically exchanged
by using the lane in which the autonomous vehicle is located
as an axis.

[0302] The monotone rule in this embodiment of this
application indicates that a distance increases between front
and back neighboring obstacles of the autonomous vehicle
in a target lane of lane change executed by the autonomous
vehicle, and/or indicates that a change in a distance between
front and back neighboring obstacles of the autonomous
vehicle in a non-target lane is less than a preset distance
range.

[0303] For example, the extended four-tuple information
at any first historical moment may include symmetric four-
tuple information and monotone four-tuple information at
the first historical moment. For example, the symmetric
four-tuple information at the first historical moment may be
obtained by processing the four-tuple information at the first
historical moment according to the symmetry rule, and the
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monotonic four-tuple information at the first historical
moment may be obtained by processing the four-tuple
information at the first historical moment according to the
monotone rule.

[0304] Specifically, for a manner of constructing the sym-
metric four-tuple information and the monotonic four-tuple
information at the first historical moment, refer to the
foregoing manner of constructing “the symmetric four-tuple
information and the monotonic four-tuple information at any
moment” in this application. Details are not described herein
again.

[0305] In this step, a parameter in the current control
policy is updated based on the four-tuple information at the
at least one first historical moment, the extended four-tuple
information at the at least one first historical moment, and
the four-tuple information at the at least one second histori-
cal moment, to obtain the control policy at the next moment
(used to determine the target action at the next moment).

[0306] For example, a target value corresponding to 1%
four-tuple information is generated based on the 1 four-
tuple information in the four-tuple information at the at least
one first historical moment, the extended four-tuple infor-
mation at the at least one first historical moment, and the
four-tuple information at the at least one second historical
moment. Further, a parameter q in a preset function that
includes the target value corresponding to the 1”* four-tuple
information is iteratively updated by using a gradient
descent method. Further, a parameter q in the current control
policy is replaced with an iteratively updated parameter q, to
obtain the control policy at the next moment.

[0307] In this embodiment, the target value y, correspond-
ing to the 1 four-tuple information may be generated based
on the 1” four-tuple information (s,, a,, r,, s;) in the four-tuple
information at the at least one first historical moment, the
extended four-tuple information at the at least one first
historical moment, and the four-tuple information at the at
least one second historical moment according to the follow-
ing formula. 1is a positive integer not greater than g, and q
is a total quantity of four-tuple information included in the
four-tuple information at the at least one first historical
moment, the extended four-tuple information at the at least
one first historical moment, and the four-tuple information at
the at least one second historical moment.

[0308] For example,
ry, 57 End state
Yi = { r+ gmaxQ(s;, as, g), s;: Not end state -
ay
[0309] The end state indicates that the autonomous vehicle

autonomously completes a journey with a preset maximum
distance or that traveling of the autonomous vehicle is
interfered with manual intervention. g represents a preset
forgetting factor, where g&(0,1) Q(s;, a,, q) represents an
action value function.

max QGs/, as, q)
a
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indicates that a maximum value of Q(s/, a,, q) is used by
traversing a’. s,' represents a feature at a later moment in the
1,,, four-tuple information.

[0310] Certainly, the target value corresponding to the 17
four-tuple information may be generated according to a
variation formula or an equivalent formula of the foregoing
formula based on 1 four-tuple information in the four-tuple
information at the at least one first historical moment, the
extended four-tuple information at the at least one first
historical moment, and the four-tuple information at the at
least one second historical moment. This is not limited in
this embodiment of this application.

[0311] Further, a parameter q in a preset function

q
D= Qlsi a1, @))?

=1

that includes the target value y, corresponding to the 1%
four-tuple information is iteratively updated by using a
gradient descent method. Q(s;, a;, q) represents an action
value function corresponding to the 1”* four-tuple informa-
tion, where s, represents a feature at a previous moment in
the 1” four-tuple information, and a, represents a target
action at the previous moment in the 1 four-tuple informa-
tion.

[0312] Further, a parameter q in the current control policy
is replaced with an iteratively updated parameter g, to obtain
the control policy at the next moment, so that the control
policy at the next moment is used to determine the target
action at the next moment.

[0313] Certainly, the parameter in the current control
policy may be updated in another manner based on the
four-tuple information at the at least one first historical
moment, the extended four-tuple information at the at least
one first historical moment, and the four-tuple information at
the at least one second historical moment, to obtain the
control policy at the next moment. This is not limited in this
embodiment of this application.

[0314] In this embodiment of this application, the training
device 1001 may cyclically perform step S901 and step
S902 for a preset quantity of times, or the execution of
cyclically performing step S901 to step S902 for the plu-
rality of times ends until an updated control policy satisfies
a preset condition. The control policy finally obtained by the
training device 1001 may be used when the execution device
1002 performs the autonomous lane change method.
[0315] For example, when the training device 1001 per-
forms step S902 for the first time, the current control policy
in this embodiment of this application may be a preset initial
control policy. When the training device 1001 performs step
S902 not for the first time, the current control policy in this
embodiment of this application may be a control policy
obtained by performing step S902 previously by the training
device 1001.

[0316] In this embodiment of this application, the four-
tuple information at the preset quantity of historical
moments is obtained. Further, the current control policy is
updated based on the four-tuple information at the at least
one first historical moment, the extended four-tuple infor-
mation at the at least one first historical moment, and the
four-tuple information at the at least one second historical
moment, to obtain the control policy at the next moment. It
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can be learned that, on the basis of the four-tuple information
at the preset quantity of historical moments, the current
control policy is further updated based on the extended
four-tuple information at the first historical moment in the
four-tuple information at the preset quantity of historical
moments, so that a more accurate control policy can be
obtained, and a corresponding target action can be accu-
rately determined.

[0317] FIG. 10 is a schematic flowchart of a control policy
training method according to another embodiment of this
application. Based on the foregoing embodiment, a manner
of generating “four-tuple information at a historical
moment” is described in this embodiment of this applica-
tion. As shown in FIG. 10, before step S901, the method
further includes the following steps.

[0318] S1001: For each historical moment, calculate a
local neighbor feature and a global statistical feature of an
autonomous vehicle at the historical moment based on travel
information of the autonomous vehicle and motion infor-
mation of obstacles in lanes within a sensing range of the
autonomous vehicle.

[0319] It should be noted that, motion information of an
obstacle is travel information when the obstacle is a vehicle
or another mobile terminal, and that the motion information
of the obstacle may include related information such as a
motion speed and a motion location when the obstacle is a
person, an animal, or a static object.

[0320] In this step, for each historical moment, the local
neighbor feature and the global statistical feature of the
autonomous vehicle at the historical moment are calculated
based on the travel information (information such as a travel
speed and/or a travel location) of the autonomous vehicle
and the motion information (information such as a travel
speed and/or a travel location of a vehicle, a motion speed
and/or a motion location of a person, an animal, or a static
object, and the like) of the obstacles in the lanes within the
sensing range (namely, a range that can be detected by a
sensor on the autonomous vehicle, for example, a range in
which a distance between the obstacle and the autonomous
vehicle is within a preset gap) of the autonomous vehicle.
[0321] The local neighbor feature of the autonomous
vehicle at any historical moment in this embodiment of this
application is used to represent motion status information
(for example, a relative distance and a relative speed) of a
specific neighboring vehicles (for example, a front/back
neighboring obstacle of the autonomous vehicle in a lane in
which the autonomous vehicle is located, a front/back neigh-
boring obstacle of the autonomous vehicle in a left lane
adjacent to the lane in which the autonomous vehicle is
located, and a front/back neighboring obstacle of the autono-
mous vehicle in a right lane adjacent to the lane in which the
autonomous vehicle is located) of the autonomous vehicle at
the historical moment relative to the autonomous vehicle.

[0322] For example, the local neighbor feature s, of the
autonomous vehicle at any moment may include but not be
limited to: a relative speed VMf/Vego and a relative distance
disth/Vego of a front neighboring obstacle of the autono-
mous vehicle in the lane in which the autonomous vehicle is
located relative to the autonomous vehicle, a relative speed
VAV g0 @0d a relative distance dist, 2V g0 Of @ back
neighboring obstacle of the autonomous vehicle in the lane
in which the autonomous vehicle is located relative to the
autonomous vehicle, a relative speed VLf/Vego and a relative
distance dist, 7V, g0 Of a front neighboring obstacle of the
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autonomous vehicle in the left lane adjacent to the lane in
which the autonomous vehicle is located relative to the
autonomous vehicle, a relative speed V,*/V, g0 and a relative
distance distLb/Vego of a back neighboring obstacle of the
autonomous vehicle in the left lane adjacent to the lane in
which the autonomous vehicle is located relative to the
autonomous vehicle, a relative speed V77V g0 and a relative
distance distg7V, ego €20 of a front neighboring obstacle of
the autonomous vehicle in the right lane adjacent to the lane
in which the autonomous vehicle is located relative to the
autonomous vehicle, and a relative speed V,/V g0 a0d a
relative distance distRb/Vego ego of a back neighboring
obstacle of the autonomous vehicle in the right lane adjacent
to the lane in which the autonomous vehicle is located

relative to the autonomous vehicle.

[0323] The global statistical feature of the autonomous
vehicle at any historical moment in this embodiment of this
application is used to represent denseness of obstacles in the
lanes within the sensing range of the autonomous vehicle,
for example, an average travel speed and an average gap of
all the obstacles in the lanes at the historical moment.
[0324] For example, a global vehicle traffic statistical
feature s, of the autonomous vehicle at any moment may
include but not be limited to: an average gap gap, between
front and back obstacles in all lanes on the left side of the
lane in which the autonomous vehicle is located, an average
gap gap,, between front and back obstacles in the lane in
which the autonomous vehicle is located, an average gap
gapy between front and back neighboring obstacles in all
lanes on the right side of the lane in which the autonomous
vehicle is located, an average travel speed V of obstacles in
all the lanes on the left side of the lane in which the
autonomous vehicle is located, an average travel speed V,,
of obstacles in the lane in which the autonomous vehicle is
located, and an average travel speed V of obstacles in all
the lanes on the right side of the lane in which the autono-
mous vehicle is located.

[0325] S1002: Obtain a target action indication at the
historical moment based on the local neighbor feature and
the global statistical feature at the historical moment, and a
control policy at the historical moment.

[0326] In this step, the local neighbor feature and the
global statistical feature at the historical moment are input
into the control policy at the historical moment, so that the
target action indication (used to indicate the autonomous
vehicle to execute a target action) at the historical moment
may be obtained.

[0327] For example, a control policy at any moment (for
example, the control policy at the historical moment) may be
represented as:

Ats. @ = {a:Q(s. a. @) = max Q(s., )}

where

[0328] s represents a local neighbor feature and a global
statistical feature at the moment; a'€(0, 1, 2), where a' equal
to O indicates to keep straight, a' equal to 1 indicates to
change to a left adjacent lane, and a' equal to 2 indicates to
change to a right adjacent lane.

[0329] In this embodiment, for the local neighbor feature
and the global statistical feature at any historical moment, an
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action a' for making an action value function Q(s, a', q) to be
a maximum value is selected as the target action a at the
historical moment.

[0330] Certainly, the control policy at the historical
moment may alternatively be determined according to a
variation formula or an equivalent formula of the foregoing
formula. This is not limited in this embodiment of this
application.

[0331] For example, the target action includes at least two
types: lane change or keeping straight. Lane change may
include changing to a left adjacent lane or changing to a right
adjacent lane.

[0332] S1003: Obtain feedback information by executing
the target action.

[0333] For example, the feedback information may
include but not be limited to: travel information (for
example, a travel speed or a travel location) generated after
the autonomous vehicle executes the target action, travel
information of the autonomous vehicle at a next moment,
and motion information of obstacles in lanes within a
sensing range of the autonomous vehicle at the next
moment. When the target action is lane change, the feedback
information may further include a ratio of a period of time
for executing the target action to a historical average period
of time, and a denseness change between obstacles in a lane
in which the autonomous vehicle is located before lane
change and obstacles in a lane in which the autonomous
vehicle is located after lane change. The historical average
period of time is an average period of time for which the
autonomous vehicle executes a similar action (for example,
a lane change action) within a preset historical period of time
(for example, 500 time windows).

[0334] For example, the denseness change between the
obstacles in the lane in which the autonomous vehicle is
located after lane change and the obstacles in the lane in
which the autonomous vehicle is located before lane change
may be determined based on travel information of the
autonomous vehicle and other obstacles within a sensing
range of the autonomous vehicle before and after lane
change (for example, an average gap,,,, between front and
back neighboring obstacles in the lane in which the autono-
mous vehicle is located before lane change, an average
travel speed V_,,. of the obstacles in the lane in which the
autonomous vehicle is located before lane change, an aver-
age gap,,,; front and back neighboring obstacles in the lane
in which the autonomous vehicle is located after lane
change, an average travel speed V,, of the obstacles in the
lane in which the autonomous vehicle is located after lane
change), and a preset global classification model F, of the
autonomous vehicle.

[0335] S1004: Calculate, based on the feedback informa-
tion, a local neighbor feature and a global statistical feature
of the autonomous vehicle at the next moment of the
historical moment, and a reward corresponding to the target
action.

[0336] In this step, the local neighbor feature and the
global statistical feature of the autonomous vehicle at the
next moment of the historical moment may be calculated
based on the travel information of the autonomous vehicle at
the next moment and the motion information of the obstacles
in the lanes within a sensing range of the autonomous
vehicle at the next moment that are included in the feedback
information. For a specific calculation manner, refer to the
manner of obtaining the local neighbor feature and the
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global statistical feature of the autonomous vehicle at the
historical moment in step S401. Details are not described
again in this embodiment of this application.

[0337] The following part in this embodiment of this
application describes an implementation of “calculating,
based on the feedback information, a reward corresponding
to the target action”.

[0338] In a possible implementation, when the target
action is keeping straight, the reward is calculated based on
the travel information generated after the autonomous
vehicle executes the target action.

[0339] For example, the reward is calculated based on a
preset function R(s") and the travel information s' (for
example, the travel speed or the travel location) generated
after the autonomous vehicle executes the target action. For
example, the preset function R(s")=V,.', where V__' rep-
resents the travel speed generated after the autonomous
vehicle executes the) target action. Certainly, the preset
function R(s') may alternatively be equal to another function
that includes the travel information generated after the
autonomous vehicle executes the target action. This is not
limited in this embodiment of this application.

[0340] In another possible implementation, when the tar-
get action is lane change, the reward is calculated based on
the travel information generated after the autonomous
vehicle executes the target action, the ratio of the period of
time for executing the target action to the historical average
period of time, and the denseness change between the
obstacles in the lane in which the autonomous vehicle is
located before lane change and the obstacles in the lane in
which the autonomous vehicle is located after lane change.
[0341] In this implementation, a local reward coeflicient
K, is determined based on the ratio of the period of time T
for executing the target action to the historical average
period of time T,. Further, a global reward coeflicient K, is
determined based on the denseness change between the
obstacles in the lane in which the autonomous vehicle is
located before lane change and the obstacles in the lane in
which the autonomous vehicle is located after lane change.
When the obstacles in the lane in which the autonomous
vehicle is located after lane change are denser than the
obstacles in the lane in which the autonomous vehicle is
located before lane change, K_>1. When the obstacles in the
lane in which the autonomous vehicle is located after lane
change are sparser than the obstacles in the lane in which the
autonomous vehicle is located before lane change, K <I.
Further, the reward is calculated based on the travel infor-
mation generated after the autonomous vehicle executes the
target action, the local reward coeflicient K,, and the global
reward coeflicient K.

[0342] For example, the reward is calculated according to
the formula c*K*K_ *R(s"), where ¢ represents a preset
discount factor (for example, 0.3), and R(s") represents the
preset function including the travel information generated
after the autonomous vehicle executes the target action.
Certainly, the reward may alternatively be calculated
according to an equivalent formula or variant formula of the
foregoing formula. This is not limited in this embodiment of
this application.

[0343] If the local neighbor feature of the autonomous
vehicle at the historical moment may further include loca-
tion information flag between a navigated target lane and the
lane in which the autonomous vehicle is located, and a
distance dist2goal between the autonomous vehicle and a
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next intersection in a travel direction, the local reward
coeflicient K, is determined based on the ratio of the period
of time T for executing the target action to the historical
average period of time T,. flage{0, -1, 1} where flag equal
to 0 indicates that the autonomous vehicle is in the navigated
target lane, flag equal to -1 indicates that the navigated
target lane is on the left side of the lane in which the
autonomous vehicle is located, and flag equal to 1 indicates
that the navigated target lane is on the right side of the lane
in which the autonomous vehicle is located. Further, a first
global reward coefficient Kg1 is determined based on the
denseness change between the obstacles in the lane in which
the autonomous vehicle is located before lane change and
the obstacles in the lane in which the autonomous vehicle is
located after lane change.

[0344] Further, a second global reward coefficient ng is
determined based on the target action and the location
information flag between the navigated target lane and the
lane in which the autonomous vehicle is located. For
example, the second global reward coefficient ng is deter-
mined according to the following formula:

&

where

[0345] gap,,,. represents the average gap between front
and back neighboring obstacles in the lane in which the
autonomous vehicle is located before lane change, gap,,,
represents the average gap between front and back neigh-
boring obstacles in the lane in which the autonomous vehicle
is located after lane change, and a represents the target
action.

[0346] Certainly, the second global reward coefficient ng
may alternatively be calculated according to an equivalent
formula or variant formula of the foregoing formula. This is
not limited in this embodiment of this application.

[0347] Further, the reward is calculated based on the travel
information generated after the autonomous vehicle
executes the target action, the local reward coefficient K, the
first global reward coefficient Kgl, and the second global
reward coefficient K.

[0348] For example, the reward is calculated according to
the formula C*KZ*Kgl*ng*R(S'), where C represents the
preset discount factor (for example, 0.3), and R(s') repre-
sents the preset function that includes the travel information
generated after the autonomous vehicle executes the target
action.

[0349] For example, the preset function is

100

Ris") = V' e
") dist2goal’ + 1’

ego

~Iflag/| -

where V__ ' represents the travel speed generated after the
autonomous vehicle executes the target action. flag' repre-
sents location information between a navigated target lane
and a lane in which the autonomous vehicle is located after
executing the target action, where flag' equal to 0 indicates
that the autonomous vehicle is in the navigated target lane
after executing the target action, flag' equal to -1 indicates

» {max(gapcur/gapgoal, 1/2),if (flag=—-1 and @ =1) or (flag=1 or . =2)
Ko =
1/2,if (flag = -1 and @ =2) or (flag=1 and o =1)
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that the navigated target lane is on the left side of the lane
in which the autonomous vehicle is located after executing
the target action, and flag' equal to 1 indicates that the
navigated target lane is on the right side of the lane in which
the autonomous vehicle is located after executing the target
action. dist2goal’ represents a distance between a next inter-
section in a travel direction generated after the autonomous
vehicle executes the target action. Certainly, the preset
function R(s'") may alternatively be another function that
includes the travel information generated after the autono-
mous vehicle executes the target action. This is not limited
in this embodiment of this application.

[0350] Certainly, the reward may alternatively be calcu-
lated according to an equivalent formula or variant formula
of the foregoing formula. This is not limited in this embodi-
ment of this application.

[0351] Certainly, the reward corresponding to the target
action may be calculated in another manner based on the
feedback information. This is not limited in this embodiment
of this application.

5

[0352] S1005: Store the four-tuple information at the
historical moment.

[0353] In this step, the four-tuple information at the his-
torical moment may be stored in a database, for subsequent
control policy training. For example, the four-tuple infor-
mation at the historical moment corresponds to a vehicle
condition at the historical moment, and may include: a
feature at the historical moment, the target action of the
autonomous vehicle at the historical moment, the reward
corresponding to the target action at the historical moment,
and a feature at the next moment of the historical moment.
The feature at the historical moment includes the local
neighbor feature and the global statistical feature of the
autonomous vehicle at the historical moment. The feature at
the next moment of the historical moment includes a local
neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment of the historical
moment.

[0354] In this embodiment of this application, for each
historical moment, the target action indication at the histori-
cal moment is obtained based on the local neighbor feature
and the global statistical feature of autonomous vehicle at
the historical moment, and the control policy at the historical
moment. Further, the feedback information is obtained by
executing the target action, the reward corresponding to the
target action and the local neighbor feature and the global
statistical feature of the autonomous vehicle at the next
moment of the historical moment are calculated based on the
feedback information, and the four-tuple information at the
historical moment is stored. It can be learned that, on the
basis of the local neighbor feature, the information such as
the global statistical feature and the reward corresponding to
the target action are further introduced, so that training data
for control policy training is more complete and a more
accurate control policy can be obtained through training.
[0355] Further, on the basis of the foregoing embodiment,
a manner of generating the “preset global classification
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model F,” is described in this embodiment of this applica-
tion. For example, features of the global classification model
are obtained. The features of the global classification model
may include but not be limited to: motion information (for
example, an average gap gap,.,. between front and back
neighboring obstacles in a lane in which the autonomous
vehicle is located before each lane change, an average travel
speed V_,,. of obstacles in the lane in which the autonomous
vehicle is located before each lane change, an average gap
gap,,,; between front and back neighboring obstacles in a
lane in which the autonomous vehicle is located after each
lane change, and an average travel speed V,,,; of obstacles
in the lane in which the autonomous vehicle is located after
each lane change) of the autonomous vehicle and obstacles
in lanes within a sensing range of the autonomous vehicle
before and after each lane change within a preset period of
time (for example, 2000000 time windows). Further, the
preset global classification model F, is generated based on
the features of the global classification model by using a
logistic regression algorithm.

[0356] In this embodiment of this application, it may first
be preset, on a simulator, that there are road scenarios with
different denseness and different speeds. For example, it is
constructed that a map in which there are three lanes with a
preset length (for example, 4 km) is used as a training map;
it is arranged that motor vehicles (vehicles other than the
autonomous vehicle) are involved in the following sce-
narios: a vehicle-free scenario, a sparse medium-speed sce-
nario, a sparse high-speed scenario, a sparse low-speed
scenario, an evenly-distributed medium-speed scenario, an
evenly-distributed high-speed scenario, an evenly-distrib-
uted low-speed scenario, a dense medium-speed scenario, a
dense high-speed scenario, a dense low-speed scenario, and
a dense ultra-low-speed scenario (where vehicle densities
are 15 vehicles/4000 m, 40 vehicles/4000 m, and 100
vehicles/4000 m in a sparse scenario, an evenly-distributed
scenario, and a dense scenario respectively; and an average
speed of the motor vehicles is 5 km/h, 10 km/h, 20 km/h, 30
km/h, 40 km/h, 50 km/h, 60 km/h, and the like).

[0357] Then, a training map is randomly loaded into the
simulator, so that the autonomous vehicle travels in the
simulated environment according to a random policy. The
random policy indicates that the autonomous vehicle ran-
domly selects a target action from a decision space A (for
example, 0, 1, and 2) to execute the target action. It is
assumed that the autonomous vehicle randomly switches to
a new training map and a new motor vehicle arrangement
scenario each time the autonomous vehicle travels at an end
point of the training map, and stops after a preset period of
time (for example, 2000000 time windows).

[0358] In the simulation process, features of the global
classification model are obtained. The features of the global
classification model may include but not be limited to: travel
information (for example, an average gap gap,,, between
front and back neighboring vehicles in a lane in which the
autonomous vehicle is located before each lane change, an
average travel speed V_,,,. of vehicles in the lane in which the
autonomous vehicle is located before each lane change, an
average gap gap,,,; between front and back neighboring
vehicles in a lane in which the autonomous vehicle is located
after each lane change, an average travel speed V,,,; of the
vehicles in the lane in which the autonomous vehicle is
located after each lane change) of the autonomous vehicle
and other vehicles in lanes within a sensing range of the
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autonomous vehicle before and after each lane change in a
preset period of time (for example, 2000000 time windows).
[0359] Further, if gap,.,<gap,,, in travel information
obtained before and after any lane change, a label corre-
sponding to the travel information before and after lane
change is 1 (indicating that obstacles in a lane in which the
autonomous vehicle is located after lane change are sparser
than obstacles in a lane in which the autonomous vehicle is
located before lane change). Otherwise, the label corre-
sponding to the travel information before and after lane
change is 0 (indicating that obstacles in the lane in which the
autonomous vehicle is located after lane change are denser
than obstacles in the lane in which the autonomous vehicle
is located before lane change).

[0360] Further, the travel information generated before
and after each lane change and the corresponding label are
added to a training set D as sample data, and the preset
global classification model F, is generated through learning
based on the sample data in the training set D and the logistic
regression algorithm (an output result of the model is a
probability that obstacles in the lane in which the autono-
mous vehicle is located after lane change are sparser).
[0361] Certainly, the preset global classification model F,
may alternatively be generated in another manner. This is
not limited in this embodiment of this application.

[0362] The following specifically describes autonomous
lane change methods provided in the embodiments of this
application.

[0363] FIG. 11 is a schematic flowchart of an autonomous
lane change method according to an embodiment of this
application. The method in this embodiment may be spe-
cifically performed by the execution device 1002 shown in
FIG. 1. As shown in FIG. 11, the method in this embodiment
of this application may include the following steps.

[0364] S1101: Calculate a local neighbor feature and a
global statistical feature of an autonomous vehicle at a
current moment based on travel information of the autono-
mous vehicle at the current moment and motion information
of obstacles in lanes within a sensing range of the autono-
mous vehicle.

[0365] It should be noted that, the motion information is
travel information when an obstacle is a vehicle or another
mobile terminal, and that the motion information may
include related information such as a motion speed when an
obstacle is a person, an animal, or a static object.

[0366] In this step, the local neighbor feature and the
global statistical feature of the autonomous vehicle at the
current moment are calculated based on the travel informa-
tion (information such as a travel speed and/or a travel
location) of the autonomous vehicle at the current moment
and the motion information (information such as a travel
speed and/or a travel location of a vehicle, a motion speed
and/or a motion location of a person, an animal, or a static
object, and the like) of the obstacles in the lanes within the
sensing range (namely, a range that can be detected by a
sensor on the autonomous vehicle, for example, a range in
which a distance between the obstacle and the autonomous
vehicle is within a preset gap) of the autonomous vehicle.
[0367] The local neighbor feature of the autonomous
vehicle at the current moment in this embodiment of this
application is used to represent motion status information
(for example, a relative distance and a relative speed) of a
specific neighboring obstacle (for example, a front/back
neighboring obstacle of the autonomous vehicle in a lane in
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which the autonomous vehicle is located at the current
moment, a front/back neighboring obstacle of the autono-
mous vehicle in a left lane adjacent to the lane in which the
autonomous vehicle is located at the current moment, and a
front/back neighboring obstacle of the autonomous vehicle
in a right lane adjacent to the lane in which the autonomous
vehicle is located at the current moment) of the autonomous
vehicle relative to the autonomous vehicle at the current
moment.

[0368] For example, a local neighbor feature s, of the
autonomous vehicle at any moment may include but not be
limited to: a relative speed VMf/Vego and a relative distance
disth/Vego of a front neighboring obstacle of the autono-
mous vehicle in a lane in which the autonomous vehicle is
located at the moment relative to the autonomous vehicle, a
relative speed V,,”/V ego and a relative distance dist,2/V ego
of a back neighboring obstacle of the autonomous vehicle in
the lane in which the autonomous vehicle is located at the
moment relative to the autonomous vehicle, a relative speed
VLf/Vego and a relative distance dist,”/V. ego OF a front neigh-
boring obstacle of the autonomous vehicle in a left lane
adjacent to the lane in which the autonomous vehicle is
located at the moment relative to the autonomous vehicle, a
relative speed VLb/Vego and a relative distance dist,”/V ego O
a back neighboring obstacle of the autonomous vehicle in
the left lane adjacent to the lane in which the autonomous
vehicle is located at the moment relative to the autonomous
vehicle, a relative speed V7V g0 and a relative distance
distg7V, g0 01 @ front neighboring obstacle of the autono-
mous vehicle in the right lane adjacent to the lane in which
the autonomous vehicle is located at the moment relative to
the autonomous vehicle, and a relative speed VRb/Vego and
a relative distance distz7V, «go Of @ back neighboring obstacle
of the autonomous vehicle in the right lane adjacent to the
lane in which the autonomous vehicle is located at the
moment relative to the autonomous vehicle.

[0369] The global statistical feature of the autonomous
vehicle at the current moment in this embodiment of this
application is used to represent denseness of the obstacles in
the lanes within the sensing range of the autonomous vehicle
at the current moment, for example, an average travel speed
and an average gap of all the obstacles in the lanes at the
current moment.

[0370] For example, a global statistical feature s, of the
autonomous vehicle at any moment may include but not be
limited to: an average gap gap, between front and back
neighboring obstacles in all lanes on the left side of the lane
in which the autonomous vehicle is located at the moment,
an average gap gap,, between front and back neighboring
obstacles in the lane in which the autonomous vehicle is
located at the moment, an average gap gap, between front
and back neighboring obstacles in all lanes on the right side
of the lane in which the autonomous vehicle is located at the
moment, an average travel speed V; of obstacles in all the
lanes on the left side of the lane in which the autonomous
vehicle is located at the moment, an average travel speed V,,
of obstacles in the lane in which the autonomous vehicle is
located at the moment, and an average travel speed V of
obstacles in all the lanes on the right side of the lane in which
the autonomous vehicle is located at the moment.

[0371] S1102: Obtain a target action indication based on
the local neighbor vehicle feature, the global statistical
feature, and a current control policy.
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[0372] For example, when the execution device 1002
performs steps S1101 and S1102 for the first time, the
current control policy in this embodiment of this application
may be a preset control policy, for example, a control policy
finally obtained by the training device 1001 by executing the
control policy training method. When the execution device
1002 performs steps S1101 and S1102 not for the first time,
the current control policy in this embodiment of this appli-
cation may be a control policy updated by the execution
device 1002 at a previous moment.

[0373] In this step, the local neighbor feature and the
global statistical feature of the autonomous vehicle at the
current moment are input into the current control policy
(namely, a control policy at the current moment), so that the
target action indication (used to indicate the autonomous
vehicle to execute the target action) at the current moment
may be obtained.

[0374] For example, a control policy at any moment (for
example, the current control policy) may be represented as:

Ats. @ = {a:Q(s. a. @) = max Q(s., )}

where

[0375] s represents a local neighbor feature and a global
statistical feature of the autonomous vehicle at the moment;
a'e(0, 1, 2), where a' equal to O indicates to keep straight, a'
equal to 1 indicates to change to a left adjacent lane, and a'
equal to 2 indicates to change to a right adjacent lane.
[0376] In this embodiment, for the local neighbor feature
and the global statistical feature of the autonomous vehicle
at any current moment, an action a' for making Q(s, a', q) to
be a maximum value is selected as the target action a at the
current moment.

[0377] For example, the target action includes at least two
types: lane change or keeping straight. Lane change includes
changing to a left adjacent lane or changing to a right
adjacent lane.

[0378] Certainly, the control policy at the current moment
may alternatively be determined according to a variation
formula or an equivalent formula of the foregoing formula.
This is not limited in this embodiment of this application.
[0379] S1103: Execute the target action according to the
target action indication.

[0380] For example, if the target action indication is lane
change, the autonomous vehicle executes the action of lane
change. If the target action indication is keeping straight, the
autonomous vehicle executes the action of keeping straight.
[0381] Specifically, for a manner of executing the target
action according to the target action indication, refer to
content in a related technology. This is not limited in this
embodiment of this application.

[0382] In this embodiment of this application, the local
neighbor feature and the global statistical feature of the
autonomous vehicle at the current moment are calculated
based on the travel information of the autonomous vehicle at
the current moment and the motion information of the
obstacles in the lanes within the sensing range of the
autonomous vehicle. Further, the target action indication is
obtained based on the local neighbor feature, the global
statistical feature, and the current control policy, and the
target action is executed according to the target action
indication. It can be learned that, on the basis of the local
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neighbor feature, the global statistical feature is further
introduced into the current control policy to obtain the target
action indication. Both information about local neighboring
obstacles (for example, other vehicles) and a macro situation
of the global statistical feature (for example, an overall
vehicle flow) are considered. Therefore, the target action
obtained by combining local and global road obstacle infor-
mation is a globally optimal decision action.

[0383] Further, based on the foregoing embodiment, in
this embodiment of this application, feedback information
may be further obtained by executing the target action, and
the current control policy is updated based on the feedback
information to obtain a control policy at a next moment, so
that a target action at the next moment can be accurately
determined at the next moment based on the control policy
at the next moment.

[0384] It should be noted that, at each moment t, a control
policy at the moment t may be updated based on feedback
information at the moment t, to obtain a control policy at a
moment t+1, so that the control policy for generating the
target action is continuously adaptively updated and opti-
mized. This ensures that there is an optimal control policy
corresponding to each moment, and that an accurate target
action at each moment is generated.

[0385] In this embodiment, the feedback information
(used to update the current control policy) is obtained by
executing the target action, to determine a local neighbor
feature and a global statistical feature of the autonomous
vehicle at the next moment, and a reward corresponding to
the target action, to update the current control policy.

[0386] For example, the feedback information may
include but not be limited to travel information (for example,
a travel speed or a travel location) generated after the
autonomous vehicle executes the target action, travel infor-
mation of the autonomous vehicle at the next moment, and
motion information of obstacles in lanes within a sensing
range of the autonomous vehicle at the next moment. When
the target action is lane change, the feedback information
may further include a ratio of a period of time for executing
the target action to a historical average period of time, and
a denseness change between obstacles in a lane in which the
autonomous vehicle is located before lane change and
obstacles in a lane in which the autonomous vehicle is
located after lane change. The historical average period of
time is an average period of time for which the autonomous
vehicle executes a similar action (for example, the action of
lane change) within a preset historical period of time (for
example, 500 time windows).

[0387] For example, the denseness change between the
obstacles in the lane in which the autonomous vehicle is
located after lane change and the obstacles in the lane in
which the autonomous vehicle is located before lane change
may be determined based on motion information of the
autonomous vehicle and obstacles in lanes within a sensing
range of the autonomous vehicle before and after lane
change (for example, an average gap gap,.,, between front
and back neighboring obstacles in the lane in which the
autonomous vehicle is located before lane change, an aver-
age travel speed V_,, of the obstacles in the lane in which the
autonomous vehicle is located before lane change, an aver-
age gap gap,,, between front and back neighboring
obstacles in the lane in which the autonomous vehicle is
located after lane change, an average travel speed V,,,; of
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the obstacles in the lane in which the autonomous vehicle is
located after lane change), and a preset global classification
model F,.

[0388] FIG. 12 is a schematic flowchart of an autonomous
lane change method according to another embodiment of
this application. Based on the foregoing embodiment, an
implementation of “updating the current control policy
based on the feedback information to obtain a control policy
at a next moment” is described in this embodiment of this
application. As shown in FIG. 12, the method in this
embodiment of this application may include the following
steps.

[0389] S1201: Calculate, based on the feedback informa-
tion, a local neighbor feature and a global statistical feature
of an autonomous vehicle at the next moment, and a reward
corresponding to a target action.

[0390] In this step, the local neighbor feature and the
global statistical feature of the autonomous vehicle at the
next moment of a current moment are calculated based on
travel information of the autonomous vehicle at the next
moment and motion information of obstacles in lanes within
a sensing range of the autonomous vehicle at the next
moment that are included in the feedback information. For
a specific calculation manner, refer to the manner of obtain-
ing the local neighbor feature and the global statistical
feature of the autonomous vehicle at the historical moment
in step S1001. Details are not described in this embodiment
of this application.

[0391] The following part in this embodiment of this
application describes an implementation of “calculating,
based on the feedback information, a reward corresponding
to a target action”.

[0392] In a possible implementation, when the target
action is keeping straight, the reward is calculated based on
travel information generated after the autonomous vehicle
executes the target action.

[0393] For example, the reward is calculated based on a
preset function R(s") and the travel information s' (for
example, a travel speed or a travel distance) generated after
the autonomous vehicle executes the target action. For
example, the preset function R(s')=V,_,', where V__' rep-
resents the travel speed generated after the autonomous
vehicle executes the target action. Certainly, the preset
function R(s'") may alternatively be another function that
includes the travel information generated after the autono-
mous vehicle executes the target action. This is not limited
in this embodiment of this application.

[0394] In another possible implementation, when the tar-
get action is lane change, the reward is calculated based on
the travel information generated after the autonomous
vehicle executes the target action, a ratio of a period of time
for executing the target action to a historical average period
of time, and a denseness change between obstacles in a lane
in which the autonomous vehicle is located before lane
change and obstacles in a lane in which the autonomous
vehicle is located after lane change.

[0395] In this implementation, a local reward coeflicient
K, is determined based on the ratio of the period of time T
for executing the target action to the historical average
period of time T,. Further, a global reward coeflicient K is
determined based on the denseness change between the
obstacles in the lane in which the autonomous vehicle is
located before lane change and the obstacles in the lane in
which the autonomous vehicle is located after lane change.
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When the obstacles in the lane in which the autonomous
vehicle is located after lane change are denser than the
obstacles in the lane in which the autonomous vehicle is
located before lane change, K_>1. When the obstacles in the
lane in which the autonomous vehicle is located after lane
change are sparser than the obstacles in the lane in which the
autonomous vehicle is located before lane change, K <I.
Further, the reward is calculated based on the travel infor-
mation generated after the autonomous vehicle executes the
target action, the local reward coeflicient K,, and the global
reward coefficient K.

[0396] For example, the reward is calculated according to
the formula c¢*K,*K_*R(s'), where ¢ represents a preset
discount factor (for example, 0.3), and R(s') represents the
preset function including the travel information generated
after the autonomous vehicle executes the target action.
Certainly, the reward may alternatively be calculated
according to an equivalent formula or variant formula of the
foregoing formula. This is not limited in this embodiment of
this application.

[0397] If a local neighbor feature of the autonomous
vehicle at the current moment may further include location
information flag between a navigated target lane and a lane
in which the autonomous vehicle is located, and a distance
dist2goal between the autonomous vehicle and a next inter-
section in a travel direction, the local reward coefficient K,
is determined based on the ratio of the period of time T for
executing the target action to the historical average period of
time T,. flage{0, -1, 1} equal to O indicates that the
autonomous vehicle is in the navigated target lane, flag equal
to —1 indicates that the navigated target lane is on the left
side of the lane in which the autonomous vehicle is located,
and flag equal to 1 indicates that the navigated target lane is
on the right side of the lane in which the autonomous vehicle
is located. Further, a first global reward coefficient ng is
determined based on the denseness change between the
obstacles in the lane in which the autonomous vehicle is
located before lane change and the obstacles in the lane in
which the autonomous vehicle is located after lane change.
[0398] Further, a second global reward coefficient ng is
determined based on the target action and the location
information flag between the navigated target lane and the
lane in which the autonomous vehicle is located. For
example, the second global reward coefficient ng is deter-
mined according to the following formula:

=

where

[0399] gap,,, represents an average gap between front and
back neighboring obstacles in the lane in which the autono-
mous vehicle is located before lane change, gap,,,, repre-
sents an average gap between front and back neighboring
obstacles in the lane in which the autonomous vehicle is
located after lane change, and a represents the target action.
[0400] Certainly, the second global reward coefficient ng
may alternatively be calculated according to an equivalent
formula or variant formula of the foregoing formula. This is
not limited in this embodiment of this application.

[0401] Further, the reward is calculated based on the travel
information generated after the autonomous vehicle

» {max(gapcur/gapgoal, 1/2),if (flag=—-1 and @ =1) or (flag=1 or . =2)
K -
1/2,if (flag = -1 and @ =2) or (flag=1 and o =1)
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executes the target action, the local reward coefficient K,, the
first global reward coefficient Kgl, and the second global
reward coefficient ng.

[0402] For example, the reward is calculated according to
the formula C*KZ*Kgl*ng*R(S'), where C represents the
preset discount factor (for example, 0.3), and R(s') repre-
sents the preset function that includes the travel information
generated after the autonomous vehicle executes the target
action.

[0403] For example, the preset function is

100

RISV = V' —|flad|- i
(5") = Vego ~ Iflag] disi2goal’ + 1

where V__ ' represents the travel speed generated after the
autonomous vehicle executes the target action. flag' repre-
sents location information between a navigated target lane
and a lane in which the autonomous vehicle is located after
executing the target action, where flag' equal to 0 indicates
that the autonomous vehicle is in the navigated target lane
after executing the target action, flag' equal to -1 indicates
that the navigated target lane is on the left side of the lane
in which the autonomous vehicle is located after executing
the target action, and flag' equal to 1 indicates that the
navigated target lane is on the right side of the lane in which
the autonomous vehicle is located after executing the target
action. dist2goal’ represents a distance between a next inter-
section in a travel direction after the autonomous vehicle
executes the target action. Certainly, the preset function R(s")
may alternatively be another function that includes the travel
information generated after the autonomous vehicle
executes the target action. This is not limited in this embodi-
ment of this application.

[0404] Certainly, the reward may alternatively be calcu-
lated according to an equivalent formula or variant formula
of the foregoing formula. This is not limited in this embodi-
ment of this application.

[0405] Certainly, the reward corresponding to the target
action may be calculated in another manner based on the
feedback information. This is not limited in this embodiment
of this application.

[0406] Step S1202: Determine four-tuple information at
the current moment.

5

[0407] In this step, the four-tuple information at the cur-
rent moment is determined based on the local neighbor
feature and the global statistical feature of the autonomous
vehicle at the current moment, the target action at the current
moment, the reward corresponding to the target action
calculated in step S1201, and the local neighbor feature and
the global statistical feature of the autonomous vehicle at the
next moment.

[0408] For example, a vehicle condition at the current
moment corresponding to the four-tuple information at the
current moment may include: a feature at the current
moment, the target action of the autonomous vehicle at the
current moment, the reward corresponding to the target
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action, and a feature at the next moment of the current
moment. The feature at the current moment includes the
local neighbor feature and the global statistical feature of the
autonomous vehicle at the current moment. The feature at
the next moment of the current moment includes the local
neighbor feature and the global statistical feature of the
autonomous vehicle at the next moment.

[0409] S1203: Update a current control policy based on
the four-tuple information at the current moment to obtain a
control policy at the next moment.

[0410] In a possible implementation, when the target
action is keeping straight, a target value corresponding to the
four-tuple information is generated based on the four-tuple
information at the current moment. Further, a parameter q in
a first preset function that includes the target value is
iteratively updated by using a gradient descent method.
Further, a parameter q in the current control policy is
replaced with an iteratively updated parameter q, to obtain
the control policy at the next moment of the current moment.
[0411] In this implementation, when the target action is
keeping straight, the target value y corresponding to the
four-tuple information may be generated based on the four-
tuple information at the current moment according to the
following formula.

[0412] For example,
r, s’ :End state
y= { r+gmaxQ(s’, a, ), s’ : Not end state’
where
[0413] g represents a preset forgetting factor, where g&(0,

1); Q(s', a, q) represents an action value function;

max Q(s, a, )
a

indicates that a maximum value of Q(s', a, q) is used by
traversing a; s' represents the feature at the next moment of
the current moment.

[0414] Certainly, the target value corresponding to the
four-tuple information may alternatively be generated based
on the four-tuple information at the current moment accord-
ing to a variant formula or an equivalent formula of the
foregoing formula. This is not limited in this embodiment of
this application.

[0415] Further, the parameter q in the first preset function
(y-QG, a, q))° that includes the target value Y is iteratively
updated by using a gradient descent method. Q(s, a, q)
represents the action value function corresponding to the
four-tuple information at the current moment, where s
represents the local neighbor feature and the global feature
at the current moment in the four-tuple information at the
current moment, and a represents the target action at the
current moment in the four-tuple information at the current
moment.

[0416] Further, a parameter q in the current control policy
is replaced with an iteratively updated parameter g, to obtain
the control policy at the next moment of the current moment,
so that the control policy at the next moment is used to
determine the target action at the next moment.
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[0417] In another possible implementation, when the tar-
get action is lane change, extended four-tuple information at
the current moment is obtained. Further, the current control
policy is updated based on the four-tuple information at the
current moment and the extended four-tuple information at
the current moment, to obtain the control policy at the next
moment at the current moment.

[0418] The extended four-tuple information at the current
moment in this embodiment of this application corresponds
to an extended vehicle condition at the current moment, and
is obtained by processing the vehicle condition at the current
moment according to a symmetry rule and a monotone rule.

[0419] The symmetry rule in this embodiment of this
application indicates that locations of obstacles in all left
lanes and obstacles in all right lanes of the lane in which the
autonomous vehicle is located are symmetrically exchanged
by using the lane in which the autonomous vehicle is located
as an axis.

[0420] The monotone rule in this embodiment of this
application indicates that a distance increases between front
and back neighboring obstacles of the autonomous vehicle
in a target lane of lane change executed by the autonomous
vehicle, and/or indicates that a change in a distance between
front and back neighboring obstacles of the autonomous
vehicle in a non-target lane is less than a preset distance
range.

[0421] For example, the extended four-tuple information
at the current moment may include symmetric four-tuple
information and monotonic four-tuple information at the
current moment. For example, the symmetric four-tuple
information at the current moment may be obtained by
processing the four-tuple information at the current moment
according to the symmetry rule, and the monotonic four-
tuple information at the current moment may be obtained by
processing the four-tuple information at the current moment
according to the monotone rule.

[0422] Specifically, for a manner of constructing the sym-
metric four-tuple information and the monotonic four-tuple
information at the current moment, refer to the foregoing
manner of constructing “the symmetric four-tuple informa-
tion and the monotonic four-tuple information at any
moment” in this application. Details are not described herein
again.

[0423] In this implementation, when the target action is
lane change, the extended four-tuple information at the
current moment is obtained, and a target value y, corre-
sponding to i four-tuple information may be generated
based on the i” four-tuple information (s,, a,, r,, s, in the
four-tuple information at the current moment and the
extended four-tuple information at the current moment
according to the following formula. 1 is a positive integer not
greater than n, and n is a total quantity of four-tuple
information included in the four-tuple information at the
current moment and the extended four-tuple information at
the current moment.

[0424] For example,
r;, s : End state
Yi =9 ry + gmax Q(s, a;, g), s} : Not end state *
g
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where
[0425] g represents a preset forgetting factor, where g&(0,
1); Q(s,, a;, q) represents an action value function;

max Q(s;”, i, q)
a

indicates that a maximum value of Q(s/, a,, q) is used by
traversing a,; s, represents a feature at a later moment in the
i four-tuple information.

[0426] Certainly, the target value corresponding to the i”
four-tuple information may alternatively be generated based
on i” four-tuple information in the four-tuple information at
the current moment and the extended four-tuple information
at the current moment according to a variant formula or an
equivalent formula of the foregoing formula. This is not
limited in this embodiment of this application.

[0427] Further, a parameter q in a second preset function

DG = Qsis @ 9

i=1

that includes the target value y, corresponding to the i”
four-tuple information is iteratively updated by using a
gradient descent method. Q(s,, a,, q) represents an action
value function corresponding to the i”* four-tuple informa-
tion, where s, represents a feature at a previous moment in
the i four-tuple information, and represents a, target action
at the previous moment in the i four-tuple information.
[0428] Further, a parameter q in the current control policy
is replaced with an iteratively updated parameter g, to obtain
the control policy at the next moment of the current moment,
so that the control policy at the next moment is used to
determine the target action at the next moment.

[0429] In another possible implementation, when the tar-
get action is keeping straight, the current control policy is
updated based on the four-tuple information at the current
moment, four-tuple information at a historical moment, and
extended four-tuple information at the historical moment, to
obtain the control policy at the next moment of the current
moment.

[0430] In this embodiment of this application, the four-
tuple information at the historical moment corresponds to a
vehicle condition at the historical moment, and may include
but not be limited to: a feature at the historical moment, a
target action of the autonomous vehicle at the historical
moment (namely, a target action determined according to a
corresponding control policy at the historical moment), a
reward corresponding to the target action at the historical
moment, and a feature at a next moment of the historical
moment.

[0431] For example, the feature at the historical moment
may include but not be limited to a local neighbor feature
and a global statistical feature of the autonomous vehicle at
the historical moment.

[0432] For example, the feature at the next moment of the
historical moment may include but not be limited to a local
neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment.

[0433] The extended four-tuple information at the histori-
cal moment in this embodiment of this application corre-
sponds to an extended vehicle condition at the historical
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moment, and is obtained by processing the vehicle condition
at the historical moment according to a symmetry rule and
a monotone rule.

[0434] The symmetry rule in this embodiment of this
application indicates that locations of obstacles in all left
lanes and obstacles in all right lanes of the lane in which the
autonomous vehicle is located are symmetrically exchanged
by using the lane in which the autonomous vehicle is located
as an axis.

[0435] The monotone rule in this embodiment of this
application indicates that a distance increases between front
and back neighboring obstacles of the autonomous vehicle
in a target lane of lane change executed by the autonomous
vehicle, and/or indicates that a change in a distance between
front and back neighboring obstacles of the autonomous
vehicle in a non-target lane is less than a preset distance
range.

[0436] For example, the extended four-tuple information
at the historical moment may include symmetric four-tuple
information and monotonic four-tuple information at the
historical moment. For example, the symmetric four-tuple
information at the historical moment may be obtained by
processing four-tuple information at the historical moment
according to the symmetry rule, and the monotonic four-
tuple information at the historical moment may be obtained
by processing the four-tuple information at the historical
moment according to the monotone rule.

[0437] Specifically, for a manner of constructing the sym-
metric four-tuple information and the monotonic four-tuple
information at the historical moment, refer to the foregoing
manner of constructing “the symmetric four-tuple informa-
tion and the monotonic four-tuple information at any
moment” in this application. Details are not described herein
again.

[0438] In this implementation, when the target action is
keeping straight, a target value y; corresponding to i
four-tuple information is generated based on the j** four-
tuple information (s, a, r, s;') in the four-tuple information
at the current moment, the four-tuple information at the
historical moment, and the extended four-tuple information
at the historical moment according to the following formula.
j is a positive integer not greater than m, and m is a total
quantity of four-tuple information included in the four-tuple
information at the current moment, the four-tuple informa-
tion at the historical moment, and the extended four-tuple
information at the historical moment;

[0439] For example,

’ .
rj, S} : End state

Yi= { rj +grr;ng(s;-, a;, q), s Not end state >
J

where

[0440] g represents a preset forgetting factor, where g&(0,
1); Q(,, a;, q) represents an action value function;

max Q(s; . a;j. q)
G
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indicates that a maximum value of Q(s/, a;, q) is used by
traversing a;; s, represents a feature at a later moment in the
i four-tuple information.

[0441] Certainly, the target value corresponding to the j*
four-tuple information may be generated based on the j*
four-tuple information in the four-tuple information at the
current moment, the extended four-tuple information at the
historical moment, and the extended four-tuple information
at the historical moment according to a variant formula or an
equivalent formula of the foregoing formula. This is not
limited in this embodiment of this application.

[0442] Further, a parameter q in a third preset function

D6y = Qlsjy a5, 9

J=1

that includes the target value y, corresponding to the i
four-tuple information is iteratively updated by using a
gradient descent method. Q(s;, a,, q) represents an action
value function corresponding to the j* four-tuple informa-
tion, where s, represents a feature at a previous moment in
the i four-tuple information, and a, represents a target
action at the previous moment in the j* four-tuple informa-
tion.

[0443] Further, a parameter q in the current control policy
is replaced with an iteratively updated parameter g, to obtain
the control policy at the next moment, so that the control
policy at the next moment is used to determine the target
action at the next moment.

[0444] In another possible implementation, when the tar-
get action is lane change, the extended four-tuple informa-
tion at the current moment is obtained. Further, the current
control policy is updated based on the four-tuple information
at the current moment, the extended four-tuple information
at the current moment, the four-tuple information at the
historical moment, and the extended four-tuple information
at the historical moment, to obtain the control policy at the
next moment at the current moment.

[0445] The extended four-tuple information at the current
moment in this embodiment of this application corresponds
to an extended vehicle condition at the current moment, and
is obtained by processing the vehicle condition at the current
moment according to a symmetry rule and a monotone rule.
[0446] The symmetry rule in this embodiment of this
application indicates that locations of obstacles in all left
lanes and obstacles in all right lanes of the lane in which the
autonomous vehicle is located are symmetrically exchanged
by using the lane in which the autonomous vehicle is located
as an axis.

[0447] The monotone rule in this embodiment of this
application indicates that a distance increases between front
and back neighboring obstacles of the autonomous vehicle
in a target lane of lane change executed by the autonomous
vehicle, and/or indicates that a change in a distance between
front and back neighboring obstacles of the autonomous
vehicle in a non-target lane is less than a preset distance
range.

[0448] For example, the extended four-tuple information
at the current moment may include symmetric four-tuple
information and monotonic four-tuple information at the
current moment. For example, the symmetric four-tuple
information at the current moment may be obtained by
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processing the four-tuple information at the current moment
according to the symmetry rule, and the monotonic four-
tuple information at the current moment may be obtained by
processing the four-tuple information at the current moment
according to the monotone rule.

[0449] Specifically, for a manner of constructing the sym-
metric four-tuple information and the monotonic four-tuple
information at the current moment, refer to the foregoing
manner of constructing “the symmetric four-tuple informa-
tion and the monotonic four-tuple information at any
moment” in this application. Details are not described herein
again.

[0450] In this embodiment of this application, the four-
tuple information at the historical moment corresponds to a
vehicle condition at the historical moment, and may include
but not be limited to: a feature at the historical moment, a
target action of the autonomous vehicle at the historical
moment (namely, a target action determined according to a
corresponding control policy at the historical moment), a
reward corresponding to the target action at the historical
moment, and a feature at the next moment of the historical
moment.

[0451] For example, the feature at the historical moment
may include but not be limited to a local neighbor feature
and a global statistical feature of the autonomous vehicle at
the historical moment.

[0452] For example, the feature at the next moment of the
historical moment may include but not be limited to a local
neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment.

[0453] The extended four-tuple information at the histori-
cal moment in this embodiment of this application corre-
sponds to an extended vehicle condition at the historical
moment, and is obtained by processing the vehicle condition
at the historical moment according to the symmetry rule and
the monotone rule.

[0454] For example, the extended four-tuple information
at the historical moment may include symmetric four-tuple
information and monotonic four-tuple information at the
historical moment. For example, the symmetric four-tuple
information at the historical moment may be obtained by
processing the four-tuple information at the historical
moment according to the symmetry rule, and the monotonic
four-tuple information at the historical moment may be
obtained by processing the four-tuple information at the
historical moment according to the monotone rule.

[0455] Specifically, for a manner of constructing the sym-
metric four-tuple information and the monotonic four-tuple
information at the historical moment, refer to the foregoing
manner of constructing “the symmetric four-tuple informa-
tion and the monotonic four-tuple information at any
moment” in this application. Details are not described herein
again.

[0456] In this implementation, when the target action is
lane change, the extended four-tuple information at the
current moment is obtained, and a target value y, corre-
sponding to k” four-tuple information may be generated
based on the k” four-tuple information in the four-tuple
information at the current moment, the extended four-tuple
information at the current moment, the four-tuple informa-
tion at the historical moment, and the extended four-tuple
information at the historical moment according to the fol-
lowing formula. k is a positive integer not greater than p, and
p is a total quantity of four-tuple information included in the
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four-tuple information at the current moment, the extended
four-tuple information at the current moment, the four-tuple
information at the historical moment, and the extended
four-tuple information at the historical moment.

[0457] For example,

1y, s« End state

e = { ri + gmax Q(sy, ax, q), s;, : Not end state
a

where
[0458] g represents a preset forgetting factor, where g&(0,
1); Q(sy', a,, q) represents an action value function;

max Qs &, q)
%

indicates that a maximum value of Q(s;, a,, q) is used by
traversing a,; s;' represents a feature at a later moment in the
k™ four-tuple information.

[0459] Certainly, the target value corresponding to the k?
four-tuple information may be generated based on the k™
four-tuple information in the four-tuple information at the
current moment, the extended four-tuple information at the
current moment, the four-tuple information at the historical
moment, and the extended four-tuple information at the
historical moment according to a variant formula or an
equivalent formula of the foregoing formula. This is not
limited in this embodiment of this application.

[0460] Further, a parameter q in a fourth preset function

,
D0k = Qs s @)

k=1

that includes the target value y, corresponding to the k”
four-tuple information is iteratively updated by using a
gradient descent method. Q(s,, a,, q) represents an action
value function corresponding to the k” four-tuple informa-
tion, where s, represents a feature at a previous moment in
the k™ four-tuple information, and a, represents a target
action at the previous moment in the k? four-tuple infor-
mation.

[0461] Further, a parameter q in the current control policy
is replaced with an iteratively updated parameter g, to obtain
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the control policy at the next moment of the current moment,
so that the control policy at the next moment is used to
determine the target action at the next moment.

[0462] Certainly, the current control policy may be
updated in another manner based on the four-tuple informa-
tion at the current moment to obtain the control policy at the
next moment. This is not limited in this embodiment of this
application.

[0463] FIG. 13 is a schematic diagram of training data
according to an embodiment of this application. FIG. 13
shows trend performance of control policies at different
phases obtained in a training process by using a control
policy training method provided in this embodiment of this
application in four different vehicle traffic scenarios (for
example, a sparse scenario, a common scenario, a congested
scenario, and a highly congested scenario). In FIG. 13, the
horizontal coordinate represents a quantity of iterations
(unit: 10000 times) of the entire training process, and the
vertical coordinate represents a period of time (unit: second)
for which an autonomous vehicle completes a journey on a
lane with a fixed length. A red curve represents a conver-
gence trend of training by using only a local neighbor feature
as input (solution 1). A blue curve represents a trend of
training by using a global statistical feature as input as well
as local neighbor features (solution 2). A green curve rep-
resents a convergence trend of training in which a reward is
calculated by introducing a local reward coefficient and a
global reward coefficient (solution 3). It can be seen that,
performance improves by using the control policy in which
the global statistical feature is added, and convergence
accelerates and performance enhances by using the control
policy in which the reward is calculated by introducing the
local reward coeflicient and the global reward coefficient.

[0464] Table 1 schematically lists training data provided in
this embodiment of this application. As listed in Table 1,
comparisons are made between this solution and a related
solution in the sparse scenario, the common scenario, the
congested scenario, and the highly congested scenario. It can
be seen that this solution is superior to the related solution
in terms of an average speed and an average lane change
times. In addition, according to statistics, there are some lane
change behaviors which seem to be partially unreasonable
but actually reasonable in the long run. Such behaviors are
referred to as “soft lane changing™. It can be seen from Table
1 that soft lane changing occurs sometimes in this solution,
indicating the model in this solution is more intelligent in the
long run.

TABLE 1

Training data provided in the embodiments of this application

Highly
congested Congested Common Sparse
scenario scenario scenario scenario
Related  This  Related This Related This Related This
solution solution solution solution solution solution solution solution
Average speed (km/h) 6.46 6.44 11.8 12.02 51 49.6 58 67
Average lane 473 14.4 61.8 12 12 18.6 4.8 6.2
change times
Soft lane change 0 15 0 0 0 9 0 30

ratio (%)
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[0465] FIG. 14 is a schematic structural diagram of an
autonomous lane change apparatus according to an embodi-
ment of this application. As shown in FIG. 14, the autono-
mous lane change apparatus 140 provided in this embodi-
ment may include a calculation module 1401, an obtaining
module 1402, and an execution module 1403.

[0466] The calculation module 1401 is configured to cal-
culate a local neighbor feature and a global statistical feature
of an autonomous vehicle at a current moment based on
travel information of the autonomous vehicle at the current
moment and motion information of obstacles in lanes within
a sensing range of the autonomous vehicle, where the local
neighbor feature is used to represent motion status informa-
tion of a specific neighboring obstacle of the autonomous
vehicle relative to the autonomous vehicle, and the global
statistical feature is used to represent denseness of the
obstacles in the lanes within the sensing range.

[0467] The obtaining module 1402 is configured to obtain
atarget action indication based on the local neighbor feature,
the global statistical feature, and a current control policy,
where the target action indication is used to indicate the
autonomous vehicle to execute a target action, and the target
action includes at least two types: lane change or keeping
straight.

[0468] The execution module 1403 is configured to
execute the target action according to the target action
indication.

[0469] In a possible implementation, the apparatus further
includes:
[0470] a feedback module, configured to obtain feedback

information by executing the target action, where the feed-
back information is used to update the current control
policy; the feedback information includes travel information
generated after the autonomous vehicle executes the target
action, travel information of the autonomous vehicle at a
next moment, and motion information of the obstacles in the
lanes within the sensing range of the autonomous vehicle at
the next moment; and when the target action is lane change,
the feedback information further includes a ratio of a period
of time for executing the target action to a historical average
period of time, and a denseness change between obstacles in
a lane in which the autonomous vehicle is located before
lane change and obstacles in a lane in which the autonomous
vehicle is located after lane change, where the historical
average period of time is an average period of time for which
the autonomous vehicle executes a similar action within a
preset historical period of time; and

[0471] an updating module, configured to update the cur-
rent control policy based on the feedback information to
obtain a control policy at the next moment.

[0472] In a possible implementation, the updating module
includes:
[0473] a calculation unit, configured to calculate, based on

the feedback information, a local neighbor feature and a
global statistical feature of the autonomous vehicle at the
next moment, and a reward corresponding to the target
action;

[0474] a determining unit, configured to determine four-
tuple information at the current moment, where the four-
tuple information at the current moment corresponds to a
vehicle condition at the current moment, and includes: a
feature at the current moment, the target action, the reward
corresponding to the target action, and a feature at the next
moment, where the feature at the current moment includes
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the local neighbor feature and the global statistical feature of
the autonomous vehicle at the current moment, and the
feature at the next moment includes the local neighbor
feature and the global statistical feature of the autonomous
vehicle at the next moment; and

[0475] an updating unit, configured to update the current
control policy based on the four-tuple information at the
current moment to obtain the control policy at the next
moment.

[0476] In a possible implementation, when the target
action is keeping straight, the updating unit is specifically
configured to:

[0477] generate, based on the four-tuple information at the
current moment, a target value corresponding to the four-
tuple information;

[0478] iteratively update, by using a gradient descent
method, a parameter q in a first preset function that includes
the target value; and

[0479] replace a parameter q in the current control policy
with an iteratively updated parameter q, to obtain the control
policy at the next moment.

[0480] In a possible implementation, when the target
action is lane change, the updating unit is specifically
configured to:

[0481] obtain extended four-tuple information at the cur-
rent moment, where the extended four-tuple information at
the current moment corresponds to an extended vehicle
condition at the current moment, and the extended vehicle
condition at the current moment is obtained by processing
the vehicle condition at the current moment according to a
symmetry rule and a monotone rule, where the symmetry
rule indicates that locations of obstacles in all left lanes and
obstacles in all right lanes of the lane in which the autono-
mous vehicle is located are symmetrically exchanged by
using the lane in which the autonomous vehicle is located as
an axis, and the monotone rule indicates that a distance
increases between front and back neighboring obstacles of
the autonomous vehicle in a target lane of lane change
executed by the autonomous vehicle, and/or indicates that a
change in a distance between front and back neighboring
obstacles of the autonomous vehicle in a non-target lane is
less than a preset distance range; and

[0482] update the current control policy based on the
four-tuple information at the current moment and the
extended four-tuple information at the current moment to
obtain the control policy at the next moment.

[0483] In a possible implementation, the updating unit is
specifically configured to:

[0484] generate, based on i? four-tuple information in the
four-tuple information at the current moment and the
extended four-tuple information at the current moment, a
target value corresponding to the i” four-tuple information,
where i is a positive integer not greater than n, and n is a total
quantity of four-tuple information included in the four-tuple
information at the current moment and the extended four-
tuple information at the current moment;

[0485] iteratively update, by using a gradient descent
method, a parameter q in a second preset function that
includes the target value corresponding to the i four-tuple
information; and

[0486] replace a parameter q in the current control policy
with an iteratively updated parameter q, to obtain the control
policy at the next moment.
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[0487] In a possible implementation, when the target
action is keeping straight, the updating unit is specifically
configured to:

[0488] update the current control policy based on the
four-tuple information at the current moment, four-tuple
information at a historical moment, and extended four-tuple
information at the historical moment, to obtain the control
policy at the next moment.

[0489] The four-tuple information at the historical
moment corresponds to a vehicle condition at the historical
moment, and includes: a feature at the historical moment, a
target action at the historical moment, a reward correspond-
ing to the target action at the historical moment, and a
feature at a next moment of the historical moment, where the
feature at the historical moment includes a local neighbor
feature and a global statistical feature of the autonomous
vehicle at the historical moment, and the feature at the next
moment of the historical moment includes a local neighbor
feature and a global statistical feature of the autonomous
vehicle at the next moment of the historical moment; and the
extended four-tuple information at the historical moment
corresponds to an extended vehicle condition at the histori-
cal moment, and the extended vehicle condition at the
historical moment is obtained by processing the vehicle
condition at the historical moment according to a symmetry
rule and a monotone rule.

[0490] In a possible implementation, the updating unit is
specifically configured to:

[0491] generate, based on j” four-tuple information in the
four-tuple information at the current moment, the four-tuple
information at the historical moment, and the extended
four-tuple information at the historical moment, a target
value corresponding to the j* four-tuple information, where
j is a positive integer not greater than m, and m is a total
quantity of four-tuple information included in the four-tuple
information at the current moment, the four-tuple informa-
tion at the historical moment, and the extended four-tuple
information at the historical moment;

[0492] iteratively update, by using a gradient descent
method, a parameter q in a third preset function that includes
the target value corresponding to the j* four-tuple informa-
tion; and

[0493] replace a parameter q in the current control policy
with an iteratively updated parameter q, to obtain the control
policy at the next moment.

[0494] In a possible implementation, when the target
action is lane change, the updating unit is specifically
configured to:

[0495] obtain extended four-tuple information at the cur-
rent moment, where the extended four-tuple information at
the current moment corresponds to an extended vehicle
condition at the current moment, and the extended vehicle
condition at the current moment is obtained by processing
the vehicle condition at the current moment according to a
symmetry rule and a monotone rule; and

[0496] update the current control policy based on the
four-tuple information at the current moment, the extended
four-tuple information at the current moment, four-tuple
information at a historical moment, and extended four-tuple
information at the historical moment to obtain the control
policy at the next moment, where the four-tuple information
at the historical moment corresponds to a vehicle condition
at the historical moment, the extended four-tuple informa-
tion at the historical moment corresponds to an extended
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vehicle condition at the historical moment, and the extended
vehicle condition at the historical moment is obtained by
processing the vehicle condition at the historical moment
according to a symmetry rule and a monotone rule.

[0497] In a possible implementation, the updating unit is
specifically configured to:

[0498] generate, based on k” four-tuple information in the
four-tuple information at the current moment, the extended
four-tuple information at the current moment, the four-tuple
information at the historical moment, and the extended
four-tuple information at the historical moment, a target
value corresponding to the k* four-tuple information, where
k is a positive integer not greater than p, and p is a total
quantity of four-tuple information included in the four-tuple
information at the current moment, the extended four-tuple
information at the current moment, the four-tuple informa-
tion at the historical moment, and the extended four-tuple
information at the historical moment;

[0499] iteratively update, by using a gradient descent
method, a parameter q in a fourth preset function that
includes the target value corresponding to the k” four-tuple
information; and

[0500] replace a parameter q in the current control policy
with an iteratively updated parameter q, to obtain the control
policy at the next moment.

[0501] In a possible implementation, when the target
action is keeping straight, the calculation unit is specifically
configured to:

[0502] calculate the reward based on travel information
generated after the autonomous vehicle executes the target
action; and

[0503] calculate the local neighbor feature and the global
statistical feature of the autonomous vehicle at the next
moment based on the travel information of the autonomous
vehicle at the next moment and the motion information of
the obstacles in the lanes within the sensing range of the
autonomous vehicle at the next moment.

[0504] In a possible implementation, when the target
action is lane change, the calculation unit is specifically
configured to:

[0505] calculate the reward based on travel information
generated after the autonomous vehicle executes the target
action, a ratio of a period of time for executing the target
action to a historical average period of time, and a denseness
change between obstacles in a lane in which the autonomous
vehicle is located before lane change and obstacles in a lane
in which the autonomous vehicle is located after lane
change; and

[0506] calculate the local neighbor feature and the global
statistical feature of the autonomous vehicle at the next
moment based on the travel information of the autonomous
vehicle at the next moment and the motion information of
the obstacles in the lanes within the sensing range of the
autonomous vehicle at the next moment.

[0507] In a possible implementation, the specific neigh-
boring obstacle of the autonomous vehicle includes at least
one of the following: front and back neighboring obstacles
of the autonomous vehicle in a lane in which the autono-
mous vehicle is located, front and back neighboring
obstacles of the autonomous vehicle in a left lane adjacent
to the lane in which the autonomous vehicle is located, and
front and back neighboring obstacles of the autonomous
vehicle in a right lane adjacent to the lane in which the
autonomous vehicle is located.
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[0508] When the autonomous vehicle is located in a left
lane, motion status information, relative to the autonomous
vehicle, of the front and back neighboring obstacles of the
autonomous vehicle in the left lane adjacent to the lane in
which the autonomous vehicle is located is a default value;
and/or

[0509] when the autonomous vehicle is located in a right
lane, motion status information, relative to the autonomous
vehicle, of the front and back neighboring obstacles of the
autonomous vehicle in the right lane adjacent to the lane in
which the autonomous vehicle is located is a default value.
[0510] In a possible implementation, the global vehicle
traffic statistical feature of the autonomous vehicle at the
current moment includes at least one of the following: an
average travel speed and an average gap of all the obstacles
in the lanes within the sensing range.

[0511] The autonomous lane change apparatus 140 pro-
vided in this embodiment of this application can be config-
ured to perform the technical solutions in the foregoing
autonomous lane change method embodiments of this appli-
cation. Implementation principles and technical effects
thereof are similar, and details are not described herein
again.

[0512] FIG. 15 is a schematic structural diagram of an
autonomous lane change apparatus according to another
embodiment of this application. As shown in FIG. 15, the
autonomous lane change apparatus 150 provided in this
embodiment may include a processor 1501 and a memory
1502.

[0513] The memory 1502 is configured to store program
instructions.
[0514] The processor 1501 is configured to invoke and

execute the program instructions stored in the memory 1502.
When the processor 1501 executes the program instructions
stored in the memory 1502, the autonomous lane change
apparatus is configured to perform the technical solutions in
the foregoing autonomous lane change method embodi-
ments of this application. Implementation principles and
technical effects thereof are similar, and details are not
described herein again.

[0515] It can be understood that FIG. 15 shows only a
simplified design of the autonomous lane change apparatus.
In another implementation, the autonomous lane change
apparatus may further include processors, memories and/or
communication units of any quantity, and the like. This is
not limited in this embodiment of this application.

[0516] An embodiment of this application further provides
a computer-readable storage medium. The computer-read-
able storage medium stores instructions. When the instruc-
tions are run on a computer, the computer is enabled to
perform the foregoing technical solutions in the autonomous
lane change method embodiments of this application. Imple-
mentation principles and technical effects thereof are simi-
lar, and details are not described herein again.

[0517] Anembodiment of this application further provides
aprogram. When the program is executed by a processor, the
program is used to perform the technical solutions in the
autonomous lane change method embodiments of this appli-
cation. Implementation principles and technical effects
thereof are similar, and details are not described herein
again.

[0518] An embodiment of this application further provides
a computer program product including instructions. When
the computer program product runs on a computer, the
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computer is enabled to perform the technical solutions in the
foregoing autonomous lane change method embodiments of
this application. Implementation principles and technical
effects thereof are similar, and details are not described
herein again.

[0519] In some embodiments, the disclosed method may
be implemented as a computer program instruction encoded
in a machine-readable format on a computer-readable stor-
age medium or encoded on another non-transitory medium
or product. FIG. 16 is a conceptual partial view of a
computer program product according to an embodiment of
this application. FIG. 16 schematically illustrates a concep-
tual partial view of an example computer program product
arranged based on at least some of the embodiments. The
example computer program product includes a computer
program for executing a computer process on a computing
device. In an embodiment, the example computer program
product 600 is provided by using a signal bearing medium
601. The signal bearing medium 601 may include one or
more program instructions 602. When the program instruc-
tions 602 are run by one or more processors, the technical
solutions in the foregoing autonomous lane change method
embodiments of this application can be implemented. Imple-
mentation principles and technical effects thereof are simi-
lar, and details are not described herein again.

[0520] In some examples, the signal bearing medium 601
may include a computer-readable medium 603, including
but not limited to, a hard disk drive, a compact disk (CD),
a digital video disc (DVD), a digital magnetic tape, a
memory, a read-only memory (Read-Only Memory), ROM),
a random access memory (Random Access Memory, RAM),
or the like. In some implementations, the signal bearing
medium 601 may include a computer-recordable medium
604, including but not limited to, a memory, a read/write
(R/W) CD, an R/W DVD, and the like. In some implemen-
tations, the signal bearing medium 601 may include a
communication medium 605, including but not limited to a
digital and/or analog communication medium (for example,
an optical fiber cable, a waveguide, a wired communication
link, or a wireless communication link). Therefore, for
example, the signal bearing medium 601 may be conveyed
by a wireless communication medium 605 (for example, a
wireless communication medium that complies with the
IEEE 802.11 standard or another transmission protocol). The
one or more program instructions 602 may be, for example,
one or more computer-executable instructions or logic
implementation instructions. In some examples, a comput-
ing device may be configured to provide various operations,
functions, or actions in response to the program instructions
602 transferred to the computing device through one or more
of'the computer-readable medium 603, the computer-record-
able medium 604, and/or the communication medium 605.
It should be understood that the arrangement described
herein is merely an example. Therefore, a person skilled in
the art understands that the arrangement can be replaced
with other arrangement and other elements (for example,
machines, interfaces, functions, sequences, and a group of
functions), and some elements may not be included depend-
ing on a desired result. In addition, many of the described
elements are functional entities that can be implemented as
discrete or distributed components, or implemented in any
suitable combination at any suitable location in combination
with another component.
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[0521] FIG. 17 is a schematic structural diagram of a
control policy training apparatus according to an embodi-
ment of this application. As shown in FIG. 17, the control
policy training apparatus 170 provided in this embodiment
may include a first obtaining module 1701 and an updating
module 1702.

[0522] The first obtaining module 1701 is configured to
perform step A of obtaining four-tuple information at a
preset quantity of historical moments, where the four-tuple
information at the historical moments corresponds to vehicle
conditions at the historical moments, and includes: features
at the historical moments, target actions of an autonomous
vehicle at the historical moments, rewards corresponding to
the target actions at the historical moments, and features at
next moments of the historical moments, where the features
at the historical moments include local neighbor features and
global statistical features of the autonomous vehicle at the
historical moments, and the features at the next moments of
the historical moments include local neighbor features and
global statistical features of the autonomous vehicle at the
next moments of the historical moments.

[0523] The updating module 1702 is configured to per-
form step B of updating a current control policy based on
four-tuple information at at least one first historical moment,
extended four-tuple information at the at least one first
historical moment, and four-tuple information at at least one
second historical moment, to obtain a control policy at the
next moment.

[0524] The execution of cyclically performing step A and
step B ends until a quantity of execution times reaches a
preset quantity of times, or the execution of cyclically
performing step A and step B ends until a control policy
obtained by cyclically performing step A and step B for a
plurality of times satisfies a preset condition. The control
policy that is finally obtained by cyclically performing step
A and step B for the plurality of times is used to obtain a
target action indication by an autonomous lane change
apparatus when executing an autonomous lane change
method.

[0525] The four-tuple information at the at least one first
historical moment is four-tuple information at a historical
moment at which a target action at the historical moment is
lane change in the four-tuple information at the preset
quantity of historical moments. The four-tuple information
at the at least one second historical moment is four-tuple
information at historical moments other than the four-tuple
information at the at least one first historical moment in the
four-tuple information at the preset quantity of historical
moments. Extended four-tuple information at any first his-
torical moment corresponds to an extended vehicle condi-
tion at the first historical moment, and the extended vehicle
condition at the first historical moment is obtained by
processing a vehicle condition at the first historical moment
according to a symmetry rule and a monotone rule.

[0526] In a possible implementation, the updating module
1702 includes:
[0527] a generation unit, configured to generate, based on

1 four-tuple information in the four-tuple information at the

at least one first historical moment, the extended four-tuple
information at the at least one first historical moment, and
the four-tuple information at the at least one second histori-
cal moment, a target value corresponding to the I”* four-tuple
information, where 1 is a positive integer not greater than q,
and q is a total quantity of four-tuple information included
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in the four-tuple information at the at least one first historical
moment, the extended four-tuple information at the at least
one first historical moment, and the four-tuple information at
the at least one second historical moment;

[0528] an updating unit, configured to iteratively update,
by using a gradient descent method, a parameter q in a preset
function that includes the target value corresponding to the
1 four-tuple information; and

[0529] a replacing unit, configured to replace a parameter
q in the current control policy with an iteratively updated
parameter q, to obtain the control policy at the next moment.

[0530] In apossible implementation, the apparatus further
includes:
[0531] a first calculation module, configured to: for each

historical moment, calculate a local neighbor feature and a
global statistical feature of the autonomous vehicle at the
historical moment based on travel information of the autono-
mous vehicle and motion information of obstacles in lanes
within a sensing range of the autonomous vehicle;

[0532] a second obtaining module, configured to obtain a
target action indication at the historical moment based on the
local neighbor feature and the global statistical feature at the
historical moment, and a current control policy at the
historical moment, where the target action indication is used
to indicate the autonomous vehicle to execute a target action,
and the target action includes at least two types: lane change
or keeping straight; and

[0533] a feedback module, configured to obtain feedback
information by executing the target action, where the feed-
back information includes travel information generated after
the autonomous vehicle executes the target action, travel
information of the autonomous vehicle at a next moment,
and motion information of the obstacles in the lanes within
the sensing range of the autonomous vehicle at the next
moment; and when the target action is lane change, the
feedback information further includes a ratio of a period of
time for executing the target action to a historical average
period of time, and a denseness change between obstacles in
a lane in which the autonomous vehicle is located before
lane change and obstacles in a lane in which the autonomous
vehicle is located after lane change, where the historical
average period of time is an average period of time for which
the autonomous vehicle executes a similar action within a
preset historical period of time;

[0534] a second calculation module, configured to calcu-
late, based on the feedback information, the local neighbor
feature and the global vehicle traffic statistical feature of the
autonomous vehicle at the next moment of the historical
moment, and the reward corresponding to the target action;
and

[0535] a storage module, configured to store the four-tuple
information at the historical moment.

[0536] In a possible implementation, when the target
action is keeping straight, the second calculation module is
specifically configured to:

[0537] calculate the reward based on travel information
generated after the autonomous vehicle executes the target
action.

[0538] In a possible implementation, when the target
action is lane change, the second calculation module is
specifically configured to:

[0539] calculate the reward based on travel information
generated after the autonomous vehicle executes the target
action, a ratio of a period of time for executing the target
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action to a historical average period of time, and a denseness
change between obstacles in a lane in which the autonomous
vehicle is located before lane change and obstacles in a lane
in which the autonomous vehicle is located after lane
change.

[0540] The control policy training apparatus 170 provided
in this embodiment of this application can be configured to
perform the technical solutions in the foregoing control
policy training method embodiments of this application.
Implementation principles and technical effects thereof are
similar, and details are not described herein again.

[0541] FIG. 18 is a schematic structural diagram of a
control policy training apparatus according to another
embodiment of this application. As shown in FIG. 18, the
control policy training apparatus 180 provided in this
embodiment may include a processor 1801 and a memory
1802.

[0542] The memory 1802 is configured to store program
instructions.
[0543] The processor 1801 is configured to invoke and

execute the program instructions stored in the memory 1802.
When the processor 1801 executes the program instructions
stored in the memory 1802, the control policy training
apparatus is configured to perform the technical solutions in
the foregoing control policy training method embodiments
of this application. Implementation principles and technical
effects thereof are similar, and details are not described
herein again.

[0544] It can be understood that FIG. 18 shows only a
simplified design of the control policy training apparatus. In
another implementation, the control policy training appara-
tus may further include processors, memories and/or com-
munication units of any quantity, and the like. This is not
limited in this embodiment of this application.

[0545] An embodiment of this application further provides
a computer-readable storage medium. The computer-read-
able storage medium stores instructions. When the instruc-
tions are run on a computer, the computer is enabled to
perform the foregoing technical solutions in the control
policy training method embodiments of this application.
Implementation principles and technical effects thereof are
similar, and details are not described herein again.

[0546] An embodiment of this application further provides
aprogram. When the program is executed by a processor, the
program is used to perform the technical solutions in the
control policy training method embodiments of this appli-
cation. Implementation principles and technical effects
thereof are similar, and details are not described herein
again.

[0547] An embodiment of this application further provides
a computer program product including instructions. When
the computer program product runs on a computer, the
computer is enabled to perform the technical solutions in the
foregoing control policy training method embodiments of
this application. Implementation principles and technical
effects thereof are similar, and details are not described
herein again.

[0548] For example, for a conceptual partial view of the
computer program product provided in this embodiment of
this application, refer to FIG. 16. Details are not described
herein again.

[0549] An embodiment of this application further provides
a chip. The chip includes a processor and a data interface.
The processor reads, through the data interface, instructions
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stored in a memory, and executes the technical solutions in
the foregoing control policy training method embodiment or
the foregoing autonomous lane change method embodiment.
Implementation principles and technical effects thereof are
similar, and details are not described herein again.

[0550] Optionally, in an implementation, the chip may
further include the memory. The memory stores instructions.
The processor is configured to execute the instructions
stored in the memory. When the instructions are executed,
the processor is configured to execute the technical solutions
in the foregoing control policy training method embodi-
ments or the foregoing autonomous lane change method
embodiments. Implementation principles and technical
effects thereof are similar, and details are not described
herein again.

[0551] An embodiment of this application further provides
an electronic device. The electronic device includes the
autonomous lane change apparatus provided in the forego-
ing autonomous lane change apparatus embodiments.
[0552] An embodiment of this application further provides
an electronic device. The electronic device includes the
control policy training apparatus provided in the foregoing
control policy training apparatus embodiments.

[0553] In the embodiments of this application, the proces-
sor may be a general-purpose processor, a digital signal
processor, an application-specific integrated circuit, a field-
programmable gate array or another programmable logic
device, a discrete gate or transistor logic device, or a discrete
hardware component, and can implement or perform the
methods, steps, and logical block diagrams disclosed in the
embodiments of this application. The general-purpose pro-
cessor may be a microprocessor, any conventional proces-
sor, or the like. The steps of the methods disclosed with
reference to the embodiments of this application may be
directly performed by a hardware processor, or may be
performed by a combination of hardware and software
modules in the processor.

[0554] In the embodiments of this application, the
memory may be a non-volatile memory, such as a hard disk
drive (hard disk drive, HDD) or a solid-state drive (solid-
state drive, SSD), or may be a volatile memory (volatile
memory), such as a random access memory (random-access
memory, RAM). The memory is any other medium that can
be configured to carry or store expected program code in a
form of instructions or a data structure and that can be
accessed by a computer, but is not limited thereto.

[0555] In the several embodiments provided in this appli-
cation, it should be understood that the disclosed appara-
tuses and methods may be implemented in other manners.
For example, the described apparatus embodiments are
merely examples. For example, division into the units is
merely logical function division and may be other division
in actual implementation. For example, a plurality of units or
components may be combined or integrated into another
system, or some features may be ignored or not performed.
In addition, the displayed or discussed mutual couplings or
direct couplings or communication connections may be
implemented through some interfaces. The indirect cou-
plings or communication connections between the appara-
tuses or units may be implemented in electronic, mechani-
cal, or other forms.

[0556] 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 location,
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or may be distributed on a plurality of network units. Some
or all of the units may be selected depending on actual
requirements to achieve the objectives of the solutions in the
embodiments.
[0557] In addition, functional units in the embodiments of
this application may be integrated into one processing unit,
or each of the units may exist alone physically, or two or
more units are integrated into one unit. The integrated unit
may be implemented in a form of hardware, or may be
implemented in a form of hardware plus a software func-
tional unit.
[0558] A person of ordinary skill in the art may understand
that sequence numbers of the foregoing processes do not
mean execution sequences in various embodiments of this
application. The execution sequences of the processes
should be determined based on functions and internal logic
of the processes, and should not constitute any limitation on
the implementation processes of the embodiments of this
application.
[0559] All or some of the foregoing embodiments may be
implemented by using software, hardware, firmware, or any
combination thereof. When software is used to implement
the embodiments, all or some of the embodiments may be
implemented in a form of a computer program product. The
computer program product includes one or more computer
instructions. When the computer program instructions are
loaded and executed on a computer, the procedures or
functions according to the embodiments of this application
are all or partially generated. The computer may be a
general-purpose computer, a dedicated computer, a com-
puter network, or another programmable apparatus. The
computer instruction may be stored in a computer-readable
storage medium or may be transmitted from a computer-
readable storage medium to another computer-readable stor-
age medium. For example, the computer instruction may be
transmitted from a website, computer, server, or data center
to another website, computer, server, or data center in a
wired (for example, a coaxial cable, an optical fiber, or a
digital subscriber line (DSL)) or wireless (for example,
infrared, radio, or microwave) manner. The computer-read-
able storage medium may be any usable medium accessible
to the computer, or a data storage device, such as a server or
a data center, integrating one or more usable media. The
usable medium may be a magnetic medium (for example, a
floppy disk, a hard disk, or a magnetic tape), an optical
medium (for example, a DVD), a semiconductor medium
(for example, a solid state disk (Solid State Disk, SSD)), or
the like.
What is claimed is:
1. An autonomous lane change method, comprising:
calculating a local neighbor feature and a global statistical
feature of an autonomous vehicle at a current moment
based on travel information of the autonomous vehicle
at the current moment and motion information of
obstacles in lanes within a sensing range of the autono-
mous vehicle, wherein the local neighbor feature is
used to represent motion status information of a spe-
cific neighboring obstacle of the autonomous vehicle
relative to the autonomous vehicle, and the global
statistical feature is used to represent denseness of the
obstacles in the lanes within the sensing range;
obtaining a target action indication based on the local
neighbor feature, the global statistical feature, and a
current control policy, wherein the target action indi-
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cation is used to indicate the autonomous vehicle to
execute a target action, and the target action comprises
at least two types: lane change or keeping straight; and

executing the target action according to the target action
indication.

2. The method according to claim 1, wherein the method
further comprises:

obtaining feedback information by executing the target

action, wherein the feedback information is used to
update the current control policy; the feedback infor-
mation comprises travel information generated after the
autonomous vehicle executes the target action, travel
information of the autonomous vehicle at a next
moment, and motion information of the obstacles in the
lanes within the sensing range of the autonomous
vehicle at the next moment; and when the target action
is lane change, the feedback information further com-
prises a ratio of a period of time for executing the target
action to a historical average period of time, and a
denseness change between obstacles in a lane in which
the autonomous vehicle is located before lane change
and obstacles in a lane in which the autonomous
vehicle is located after lane change, wherein the his-
torical average period of time is an average period of
time for which the autonomous vehicle executes a
similar action within a preset historical period of time;
and

updating the current control policy based on the feedback

information to obtain a control policy at the next
moment.

3. The method according to claim 2, wherein the updating
the current control policy based on the feedback information
to obtain a control policy at the next moment comprises:

calculating, based on the feedback information, a local

neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment, and a reward
corresponding to the target action;

determining four-tuple information at the current

moment, wherein the four-tuple information at the
current moment corresponds to a vehicle condition at
the current moment, and comprises: a feature at the
current moment, the target action, the reward corre-
sponding to the target action, and a feature at the next
moment, wherein the feature at the current moment
comprises the local neighbor feature and the global
statistical feature of the autonomous vehicle at the
current moment, and the feature at the next moment
comprises the local neighbor feature and the global
statistical feature of the autonomous vehicle at the next
moment; and

updating the current control policy based on the four-tuple

information at the current moment to obtain the control
policy at the next moment.

4. The method according to claim 3, wherein when the
target action is keeping straight, the updating the current
control policy based on the four-tuple information at the
current moment to obtain the control policy at the next
moment comprises:

generating, based on the four-tuple information at the

current moment, a target value corresponding to the
four-tuple information;

iteratively updating, by using a gradient descent method,

a parameter q in a first preset function that comprises
the target value; and
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replacing a parameter q in the current control policy with
an iteratively updated parameter q, to obtain the control
policy at the next moment.

5. The method according to claim 3, wherein when the
target action is lane change, the updating the current control
policy based on the four-tuple information at the current
moment to obtain the control policy at the next moment
comprises:

obtaining extended four-tuple information at the current

moment, wherein the extended four-tuple information
at the current moment corresponds to an extended
vehicle condition at the current moment, and the
extended vehicle condition at the current moment is
obtained by processing the vehicle condition at the
current moment according to a symmetry rule and a
monotone rule, wherein the symmetry rule indicates
that locations of obstacles in all left lanes and obstacles
in all right lanes of the lane in which the autonomous
vehicle is located are symmetrically exchanged by
using the lane in which the autonomous vehicle is
located as an axis, and the monotone rule indicates that
a distance increases between front and back neighbor-
ing obstacles of the autonomous vehicle in a target lane
of lane change executed by the autonomous vehicle,
and/or indicates that a change in a distance between
front and back neighboring obstacles of the autono-
mous vehicle in a non-target lane is less than a preset
distance range; and

updating the current control policy based on the four-tuple

information at the current moment and the extended
four-tuple information at the current moment to obtain
the control policy at the next moment.

6. The method according to claim 5, wherein the updating
the current control policy based on the four-tuple informa-
tion at the current moment and the extended four-tuple
information at the current moment to obtain the control
policy at the next moment comprises:

generating, based on i’ four-tuple information in the

four-tuple information at the current moment and the
extended four-tuple information at the current moment,
a target value corresponding to the i four-tuple infor-
mation, wherein i is a positive integer not greater than
n, and n is a total quantity of four-tuple information
comprised in the four-tuple information at the current
moment and the extended four-tuple information com-
prised in the four-tuple information at the current
moment;

iteratively updating, by using a gradient descent method,

a parameter q in a second preset function that com-
prises the target value corresponding to the i” four-
tuple information; and

replacing a parameter q in the current control policy with

an iteratively updated parameter q, to obtain the control
policy at the next moment.

7. The method according to claim 3, wherein when the
target action is keeping straight, the updating the current
control policy based on the four-tuple information at the
current moment to obtain the control policy at the next
moment comprises:

updating the current control policy based on the four-tuple

information at the current moment, four-tuple informa-
tion at a historical moment, and extended four-tuple
information at the historical moment, to obtain the
control policy at the next moment, wherein
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the four-tuple information at the historical moment cor-
responds to a vehicle condition at the historical
moment, and comprises: a feature at the historical
moment, a target action at the historical moment, a
reward corresponding to the target action at the his-
torical moment, and a feature at a next moment of the
historical moment, wherein the feature at the historical
moment comprises a local neighbor feature and a
global statistical feature of the autonomous vehicle at
the historical moment, and the feature at the next
moment of the historical moment comprises a local
neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment of the histori-
cal moment; and the extended four-tuple information at
the historical moment corresponds to an extended
vehicle condition at the historical moment, and the
extended vehicle condition at the historical moment is
obtained by processing the vehicle condition at the
historical moment according to a symmetry rule and a
monotone rule.

8. The method according to claim 7, wherein the updating
the current control policy based on the four-tuple informa-
tion at the current moment, four-tuple information at a
historical moment, and extended four-tuple information at
the historical moment, to obtain the control policy at the next
moment comprises:

generating, based on j” four-tuple information in the

four-tuple information at the current moment, the four-
tuple information at the historical moment, and the
extended four-tuple information at the historical
moment, a target value corresponding to the j* four-
tuple information, wherein j is a positive integer not
greater than m, and m is a total quantity of four-tuple
information comprised in the four-tuple information at
the current moment, the four-tuple information at the
historical moment, and the extended four-tuple infor-
mation at the historical moment;

iteratively updating, by using a gradient descent method,

a parameter q in a third preset function that comprises
the target value corresponding to the j** four-tuple
information; and

replacing a parameter q in the current control policy with

an iteratively updated parameter q, to obtain the control
policy at the next moment.

9. The method according to claim 3, wherein when the
target action is lane change, the updating the current control
policy based on the four-tuple information at the current
moment to obtain the control policy at the next moment
comprises:

obtaining extended four-tuple information at the current

moment, wherein the extended four-tuple information
at the current moment corresponds to an extended
vehicle condition at the current moment, and the
extended vehicle condition at the current moment is
obtained by processing the vehicle condition at the
current moment according to a symmetry rule and a
monotone rule; and

updating the current control policy based on the four-tuple

information at the current moment, the extended four-
tuple information at the current moment, four-tuple
information at a historical moment, and extended four-
tuple information at the historical moment to obtain the
control policy at the next moment, wherein the four-
tuple information at the historical moment corresponds
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to a vehicle condition at the historical moment, the
extended four-tuple information at the historical
moment corresponds to an extended vehicle condition
at the historical moment, and the extended vehicle
condition at the historical moment is obtained by
processing the vehicle condition at the historical
moment according to a symmetry rule and a monotone
rule.

10. An autonomous lane change apparatus, comprising a
processor and a memory, wherein

the memory is configured to store program instructions;
and

the processor is configured to invoke and execute the
program instructions stored in the memory, and when
the processor executes the program instructions stored
in the memory, the autonomous lane change apparatus
is configured to perform:

calculating a local neighbor feature and a global statistical
feature of an autonomous vehicle at a current moment
based on travel information of the autonomous vehicle
at the current moment and motion information of
obstacles in lanes within a sensing range of the autono-
mous vehicle, wherein the local neighbor feature is
used to represent motion status information of a spe-
cific neighboring obstacle of the autonomous vehicle
relative to the autonomous vehicle, and the global
statistical feature is used to represent denseness of the
obstacles in the lanes within the sensing range;

obtaining a target action indication based on the local
neighbor feature, the global statistical feature, and a
current control policy, wherein the target action indi-
cation is used to indicate the autonomous vehicle to
execute a target action, and the target action comprises
at least two types: lane change or keeping straight; and

executing the target action according to the target action
indication.

11. The apparatus according to claim 10, wherein the
apparatus is further configured to perform:

obtaining feedback information by executing the target
action, wherein the feedback information is used to
update the current control policy; the feedback infor-
mation comprises travel information generated after the
autonomous vehicle executes the target action, travel
information of the autonomous vehicle at a next
moment, and motion information of the obstacles in the
lanes within the sensing range of the autonomous
vehicle at the next moment; and when the target action
is lane change, the feedback information further com-
prises a ratio of a period of time for executing the target
action to a historical average period of time, and a
denseness change between obstacles in a lane in which
the autonomous vehicle is located before lane change
and obstacles in a lane in which the autonomous
vehicle is located after lane change, wherein the his-
torical average period of time is an average period of
time for which the autonomous vehicle executes a
similar action within a preset historical period of time;
and

updating the current control policy based on the feedback
information to obtain a control policy at the next
moment.
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12. The apparatus according to claim 11, wherein the
updating the current control policy based on the feedback
information to obtain a control policy at the next moment
comprises:

calculating, based on the feedback information, a local

neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment, and a reward
corresponding to the target action;

determining four-tuple information at the current

moment, wherein the four-tuple information at the
current moment corresponds to a vehicle condition at
the current moment, and comprises: a feature at the
current moment, the target action, the reward corre-
sponding to the target action, and a feature at the next
moment, wherein the feature at the current moment
comprises the local neighbor feature and the global
statistical feature of the autonomous vehicle at the
current moment, and the feature at the next moment
comprises the local neighbor feature and the global
statistical feature of the autonomous vehicle at the next
moment; and

updating the current control policy based on the four-tuple

information at the current moment to obtain the control
policy at the next moment.

13. The apparatus according to claim 12, wherein when
the target action is keeping straight, the updating the current
control policy based on the four-tuple information at the
current moment to obtain the control policy at the next
moment comprises:

generating, based on the four-tuple information at the
current moment, a target value corresponding to the
four-tuple information;

iteratively updating, by using a gradient descent method,
a parameter q in a first preset function that comprises
the target value; and

replacing a parameter q in the current control policy with
an iteratively updated parameter q, to obtain the control
policy at the next moment.

14. The apparatus according to claim 12, wherein when
the target action is lane change, the updating the current
control policy based on the four-tuple information at the
current moment to obtain the control policy at the next
moment comprises:

obtaining extended four-tuple information at the current
moment, wherein the extended four-tuple information
at the current moment corresponds to an extended
vehicle condition at the current moment, and the
extended vehicle condition at the current moment is
obtained by processing the vehicle condition at the
current moment according to a symmetry rule and a
monotone rule, wherein the symmetry rule indicates
that locations of obstacles in all left lanes and obstacles
in all right lanes of the lane in which the autonomous
vehicle is located are symmetrically exchanged by
using the lane in which the autonomous vehicle is
located as an axis, and the monotone rule indicates that
a distance increases between front and back neighbor-
ing obstacles of the autonomous vehicle in a target lane
of lane change executed by the autonomous vehicle,
and/or indicates that a change in a distance between
front and back neighboring obstacles of the autono-
mous vehicle in a non-target lane is less than a preset
distance range; and
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updating the current control policy based on the four-tuple
information at the current moment and the extended
four-tuple information at the current moment to obtain
the control policy at the next moment.

15. The apparatus according to claim 14, wherein the
updating the current control policy based on the four-tuple
information at the current moment and the extended four-
tuple information at the current moment to obtain the control
policy at the next moment comprises:

generating, based on i” four-tuple information in the

four-tuple information at the current moment and the
extended four-tuple information at the current moment,
a target value corresponding to the i? four-tuple infor-
mation, wherein i is a positive integer not greater than
n, and n is a total quantity of four-tuple information
comprised in the four-tuple information at the current
moment and the extended four-tuple information com-
prised in the four-tuple information at the current
moment;

iteratively updating, by using a gradient descent method,

a parameter q in a second preset function that com-
prises the target value corresponding to the i* four-
tuple information; and

replacing a parameter q in the current control policy with

an iteratively updated parameter q, to obtain the control
policy at the next moment.

16. The apparatus according to claim 12, wherein when
the target action is keeping straight, the updating the current
control policy based on the four-tuple information at the
current moment to obtain the control policy at the next
moment comprises:

updating the current control policy based on the four-tuple

information at the current moment, four-tuple informa-
tion at a historical moment, and extended four-tuple
information at the historical moment, to obtain the
control policy at the next moment, wherein

the four-tuple information at the historical moment cor-

responds to a vehicle condition at the historical
moment, and comprises: a feature at the historical
moment, a target action at the historical moment, a
reward corresponding to the target action at the his-
torical moment, and a feature at a next moment of the
historical moment, wherein the feature at the historical
moment comprises a local neighbor feature and a
global statistical feature of the autonomous vehicle at
the historical moment, and the feature at the next
moment of the historical moment comprises a local
neighbor feature and a global statistical feature of the
autonomous vehicle at the next moment of the histori-
cal moment; and the extended four-tuple information at
the historical moment corresponds to an extended
vehicle condition at the historical moment, and the
extended vehicle condition at the historical moment is
obtained by processing the vehicle condition at the
historical moment according to a symmetry rule and a
monotone rule.

17. The apparatus according to claim 16, wherein the
updating the current control policy based on the four-tuple
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information at the current moment, four-tuple information at
a historical moment, and extended four-tuple information at
the historical moment, to obtain the control policy at the next
moment comprises:

generating, based on j* four-tuple information in the
four-tuple information at the current moment, the four-
tuple information at the historical moment, and the
extended four-tuple information at the historical
moment, a target value corresponding to the j* four-
tuple information, wherein j is a positive integer not
greater than m, and m is a total quantity of four-tuple
information comprised in the four-tuple information at
the current moment, the four-tuple information at the
historical moment, and the extended four-tuple infor-
mation at the historical moment;

iteratively updating, by using a gradient descent method,
a parameter q in a third preset function that comprises
the target value corresponding to the j” four-tuple
information; and

replacing a parameter q in the current control policy with
an iteratively updated parameter q, to obtain the control
policy at the next moment.

18. The apparatus according to claim 12, wherein when
the target action is lane change, the updating the current
control policy based on the four-tuple information at the
current moment to obtain the control policy at the next
moment comprises:

obtaining extended four-tuple information at the current
moment, wherein the extended four-tuple information
at the current moment corresponds to an extended
vehicle condition at the current moment, and the
extended vehicle condition at the current moment is
obtained by processing the vehicle condition at the
current moment according to a symmetry rule and a
monotone rule; and

updating the current control policy based on the four-tuple
information at the current moment, the extended four-
tuple information at the current moment, four-tuple
information at a historical moment, and extended four-
tuple information at the historical moment to obtain the
control policy at the next moment, wherein the four-
tuple information at the historical moment corresponds
to a vehicle condition at the historical moment, the
extended four-tuple information at the historical
moment corresponds to an extended vehicle condition
at the historical moment, and the extended vehicle
condition at the historical moment is obtained by
processing the vehicle condition at the historical
moment according to a symmetry rule and a monotone
rule.

19. A non-transitory computer-readable storage medium,
wherein the non-transitory computer-readable storage
medium stores instructions, and when the instructions are
run on a computer, the computer is enabled to perform the
method according to claim 1.
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