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METHOD AND APPARATUS FOR GENERATING ROAD MAP,
ELECTRONIC DEVICE, AND COMPUTER STORAGE MEDIUM

CROSS-REFERENCE TO RELATED APPLICATION

The present application claims priority to Chinese Patent Application No.
CN201710848159.2 filed on September 19, 2017 and entitled "METHOD AND
APPARATUS FOR GENERATING ROAD MAP, ELECTRONIC DEVICE, AND
COMPUTER STORAGE MEDIUM", the contents of which are incorporated herein

by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to the technical field of data processing,
optionally relates to the technical field of image processing, and particularly relates to
a method and an apparatus for generating a road map, an electronic device, and a

computer storage medium.

BACKGROUND

With the development of science and technology and the progress of society,
maps play an increasingly important role in people's travel. Maps enable people to
determine their location information or destination location information at any time,
which is conducive to travel planning and improves the convenience of people's lives.

With the popularization of intelligent terminals, electronic maps have become
commonly used applications of the intelligent terminals. In order to improve the
accuracy of the electronic map, it is necessary to obtain an actual map image, and then
find road information from the map image. Computer vision and image processing
technologies, such as support vector machines, random forests and the like, have

important applications in road image recognition.
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SUMMARY

Embodiments of the present disclosure provide technical solutions for
generating a road map.

According to one aspect of the embodiments of the present disclosure,
provided is a method for generating a road map. The method includes: inputting a
remote sensing image into a first neural network, to extract first road feature
information of multiple channels via the first neural network; inputting the first road
feature information of multiple channels into a third neural network, to extract third
road feature information of multiple channels via the third neural network, where the
third neural network is a neural network trained by using road direction information
as supervision information; fusing the first road feature information and the third road
feature information; and generating a road map according to a fusion result.

In some embodiments, the fusing the first road feature information and the
third road feature information includes: performing addition or weighted addition on
the first road feature information and the third road feature information; or
concatenating the first road feature information and the third road feature information.

In some embodiments, the first neural network includes: a second sub-neural
network, where the second sub-neural network is a neural network trained by using
allowable road width information as supervision information; the inputting a remote
sensing image into a first neural network, to extract first road feature information of
multiple channels via the first neural network includes: inputting the remote sensing
image into the second sub-neural network, to extract a second road feature map of
multiple channels via the second sub-neural network; the first road feature
information comprising the second road feature map.

In some embodiments, the first neural network further includes: a first sub-
neural network; the inputting the remote sensing image into the second sub-neural
network, to extract a second road feature map of multiple channels via the second
sub-neural network includes: inputting the remote sensing image into the first sub-
neural network, to extract a first road feature map of multiple channels via the first
sub-neural network; and inputting the first road feature map of multiple channels into
the second sub-neural network, to extract the second road feature map of multiple

channels via the second sub-neural network.
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In some embodiments, the first neural network further includes: a third sub-
neural network; after the extracting a second road feature map of multiple channels
via the second sub-neural network, the method further includes: inputting the second
road feature map of multiple channels into the third sub-neural network, to extract a
third road feature map of multiple channels via the third sub-neural network; the first
road feature information comprising the third road feature map.

In some embodiments, the allowable road width information includes: an
allowable road width range, and the width of each road in the road map falls into the
allowable road width range; or the allowable road width information includes: a
predetermined road width, and the width of each road in the road map is the
predetermined road width.

In some embodiments, the generating a road map according to a fusion result
includes: inputting the fusion result into a fourth neural network, to extract fourth road
feature information of multiple channels via the fourth neural network; and
determining the road map based on the fourth road feature information of multiple
channels.

In some embodiments, the fourth neural network is a neural network trained
by using allowable road width information as supervision information.

In some embodiments, after the generating a road map according to a fusion
result, the method further includes: determining a centerline of a road in the road map.

In some embodiments, after the generating a road map according to a fusion
result, the method further includes: vectorizing the road map to obtain a road vector
map.

In some embodiments, the method further includes: obtaining a road direction
reference map of a remote sensing image sample; inputting the remote sensing image
sample or a road feature map of multiple channels of the remote sensing image
sample into a to-be-trained third neural network, to extract a fourth road feature map
of multiple channels via the to-be-trained third neural network; determining a road
direction regression map according to the fourth road feature map of multiple
channels; and returning the first loss between the road direction regression map and
the road direction reference map to the to-be-trained third neural network, to adjust

network parameters of the to-be-trained third neural network.
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In some embodiments, the method further includes: obtaining an equal-width
road reference map of a remote sensing image sample; inputting the remote sensing
image sample or a road feature map of multiple channels of the remote sensing image
sample into a to-be-trained second sub-neural network, to extract a fifth road feature
map of multiple channels via the to-be-trained second sub-neural network;
determining a first road probability map according to the fifth road feature map of
multiple channels; and returning the second loss between the first road probability
map and the equal-width road reference map to the to-be-trained second sub-neural
network, to adjust network parameters of the to-be-trained second sub-neural network.

In some embodiments, the method further includes: obtaining an equal-width
road reference map of a remote sensing image sample; inputting the remote sensing
image sample or a road feature map of multiple channels of the remote sensing image
sample into a to-be-trained fourth neural network, to extract a sixth road feature map
of multiple channels via the to-be-trained fourth neural network; determining a second
road probability map according to the sixth road feature map of multiple channels;
and returning the third loss between the second road probability map and the equal-
width road reference map to the to-be-trained fourth neural network, to adjust network
parameters of the to-be-trained fourth neural network.

In some embodiments, the method further includes: obtaining an equal-width
road reference map and a road direction reference map of a remote sensing image
sample; inputting the remote sensing image sample or a road feature map of multiple
channels of the remote sensing image sample into a to-be-trained second sub-neural
network, to extract a fifth road feature map of multiple channels via the to-be-trained
second sub-neural network; and determining a first road probability map according to
the fifth road feature map of multiple channels;

inputting the remote sensing image sample or the road feature map of multiple
channels of the remote sensing image sample into a to-be-trained third neural
network, to extract a fourth road feature map of multiple channels via the to-be-
trained third neural network; determining a road direction regression map according
to the fourth road feature map of multiple channels; inputting the remote sensing
image sample or the road feature map of multiple channels of the remote sensing
image sample into a to-be-trained fourth neural network, to extract a sixth road feature

map of multiple channels via the to-be-trained fourth neural network; determining a
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second road probability map according to the sixth road feature map of multiple
channels; separately returning the first loss between the road direction regression map
and the road direction reference map, the second loss between the road probability
map and the equal-width road reference map, and the third loss between the second
road probability map and the equal-width road reference map to a neural network
system comprising the third neural network, the second sub-neural network, and the
fourth neural network, to jointly adjust network parameters of the neural network
system.

According to another aspect of the embodiments of the present disclosure,
provided is an apparatus for generating a road map. The apparatus includes: a first
road feature information acquisition unit, configured to input a remote sensing image
into a first neural network, to extract first road feature information of multiple
channels via the first neural network; a third road feature information acquisition unit,
configured to input the first road feature information of multiple channels into a third
neural network, to extract third road feature information of multiple channels via the
third neural network, where the third neural network is a neural network trained by
using road direction information as supervision information; an information fusion
unit, configured to fuse the first road feature information and the third road feature
information; and a road map generation unit, configured to generate a road map
according to a fusion result.

In some embodiments, the information fusion unit is configured to: perform
addition or weighted addition on the first road feature information and the third road
feature information; or concatenate the first road feature information and the third
road feature information.

In some embodiments, the first neural network includes: a second sub-neural
network, where the second sub-neural network is a neural network trained by using
allowable road width information as supervision information; the first road feature
information acquisition unit includes: a first acquisition sub-unit, configured to input
the remote sensing image into the second sub-neural network, to extract a second road
feature map of multiple channels via the second sub-neural network; the first road
feature information comprising the second road feature map.

In some embodiments, the first neural network further includes: a first sub-

neural network; the first road feature information acquisition unit further includes: a
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first acquisition subunit, configured to input the remote sensing image into the first
sub-neural network, to extract a first road feature map of multiple channels via the
first sub-neural network; and a second acquisition subunit, configured to input the
first road feature map of multiple channels into the second sub-neural network, to
extract the second road feature map of multiple channels via the second sub-neural
network.

In some embodiments, the first neural network further includes: a third sub-
neural network; the first road feature information acquisition unit further includes:
third acquisition subunit, configured to input the second road feature map of multiple
channels into the third sub-neural network, to extract a third road feature map of
multiple channels via the third sub-neural network; the first road feature information
comprising the third road feature map.

In some embodiments, the allowable road width information includes: an
allowable road width range, and the width of at least one road in the road map falls
into the allowable road width range; or the allowable road width information includes:
a predetermined road width, and the width of at least one road in the road map is the
predetermined road width.

In some embodiments, the road map generation unit includes: a fourth
acquisition subunit, configured to input the fusion result into a fourth neural network,
to extract fourth road feature information of multiple channels via the fourth neural
network; and a road map determination subunit, configured to determine the road map
based on the fourth road feature information of multiple channels.

In some embodiments, the fourth neural network is a neural network trained
by using allowable road width information as supervision information.

In some embodiments, the road map generation unit further includes: a
centerline determination subunit, configured to determine a centerline of a road in the
road map.

In some embodiments, the road map generation unit further includes: a road
vector map acquisition subunit, configured to vectorize the road map to obtain a road
vector map.

In some embodiments, the apparatus further includes: a third neural network
training unit, configured to: obtain a road direction reference map of a remote sensing

image for training; input the remote sensing image for training or a road feature map
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of multiple channels thereof into a to-be-trained third neural network, to extract a
fourth road feature map of multiple channels via the to-be-trained third neural
network; determine a road direction regression map according to the fourth road
feature map of multiple channels; and return the first loss between the road direction
regression map and the road direction reference map to the to-be-trained third neural
network, to adjust network parameters of the to-be-trained third neural network.

In some embodiments, the apparatus further includes: a second sub-neural
network training unit, configured to: input a remote sensing image for training or a
road feature map of multiple channels thereof into a to-be-trained second sub-neural
network, to extract a fifth road feature map of multiple channels via the to-be-trained
second sub-neural network; determine a first road probability map according to the
fifth road feature map of multiple channels; and return the second loss between the
first road probability map and the equal-width road reference map to the to-be-trained
second sub-neural network, to adjust network parameters of the to-be-trained second
sub-neural network.

In some embodiments, the apparatus further includes: a fourth neural network
training unit, configured to: obtain an equal-width road reference map of a remote
sensing image for training; input the remote sensing image for training or a road
feature map of multiple channels thereof into a to-be-trained fourth neural network, to
extract a sixth road feature map of multiple channels via the to-be-trained fourth
neural network; determine a second road probability map according to the sixth road
feature map of multiple channels; and return the third loss between the second road
probability map and the equal-width road reference map to the to-be-trained fourth
neural network, to adjust network parameters of the to-be-trained fourth neural
network.

In some embodiments, the third neural network training unit, the second sub-
neural network training unit, and the fourth neural network training unit respectively
return the first loss, the second loss, and the third loss to a neural network system
including the third neural network, the second sub-neural network, and the fourth
neural network, to jointly adjust network parameters of the neural network system.

According to still another aspect of the embodiments of the present disclosure,
provided is an electronic device, including: a memory, configured to store executable

instructions; and a processor, configured to communicate with the memory to execute
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the executable instructions so as to complete operations of the method for generating
a road map according to any one of the foregoing embodiments of the present
disclosure.

According to yet another aspect of the embodiments of the present disclosure,
provided is a computer storage medium, having stored thereon computer-readable
instructions that, when being executed by a processor, cause the processor to execute
the operations of the method for generating a road map according to any one of the
foregoing embodiments of the present disclosure.

According to yet another aspect of the embodiments of the present disclosure,
provided is a computer program, including a computer-readable code, where when the
computer-readable code runs in a device, a processor in the device executes
operations used for implementing the method for generating a road map according to
any one of the foregoing embodiments of the present disclosure.

According to the method for generating a road map and apparatus, the
electronic device, and the computer storage medium provided by the embodiments of
the present disclosure, a remote sensing image is input into a first neural network to
obtain first road feature information of multiple channels; then, the first road feature
information of multiple channels is input into a third neural network to obtain third
road feature information of multiple channels, where the third neural network is a
neural network trained by using road direction information as supervision
information; and afterwards, the first road feature information and the third road
feature information are fused, and a road map is generated according to a fusion
result, so that the accuracy of extracting road direction features of the remote sensing
image is improved.

The following further describes in detail the technical solutions of the present

disclosure with reference to the accompanying drawings and embodiments.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings constituting a part of the specification describe
the embodiments of the present disclosure and are intended to explain the principles
of the present disclosure together with the descriptions.

According to the following detailed description, the present disclosure can be
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understood more clearly with reference to the accompanying drawings.

Other features, objectives, and advantages of the embodiments of the present
disclosure will become more apparent by reading the detailed description of non-
limiting embodiments made with reference to the following accompanying drawings:

FIG. 1 is a diagram of an exemplary system architecture to which the
embodiments of the present disclosure is applicable;

FIG. 2 is a flowchart of a method for generating a road map according to
embodiments of the present disclosure;

FIG. 3a is a schematic diagram of an application scenario of a method for
generating a road map according to embodiments of the present disclosure;

FIG. 3b is a road map obtained after extracting road features in FIG. 3a;

FIG. 4 is a schematic structural diagram of an apparatus for generating a road
map according to embodiments of the present disclosure; and

FIG. 5 is a schematic structural diagram of a server according to embodiments

of the present disclosure.

DETAILED DESCRIPTION

The present disclosure is further described in detail below with reference to
the accompanying drawings and the embodiments. It can be understood that the
optional embodiments described here are only used for explaining the related
invention, but are not intended to limit the present disclosure. Moreover, it should also
be notated that, for ease of description, the accompanying drawings illustrate only the
parts related to the relevant invention.

It should be noted that, unless otherwise stated specifically, relative
arrangement of the components and steps, the numerical expressions, and the values
set forth in the embodiments are not intended to limit the scope of the present
disclosure.

In addition, it should be understood that, for ease of description, the size of
each part shown in the accompanying drawings is not drawn in actual proportion.

Technologies, methods and devices known to a person of ordinary skill in the
related art may not be discussed in detail, but such technologies, methods and devices

should be considered as a part of the specification in appropriate situations.
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It should be noted that similar reference numerals and letters in the following
accompanying drawings represent similar items. Therefore, once an item is defined in
an accompanying drawing, the item does not need to be further discussed in the
subsequent accompanying drawings.

A person skilled in the art may understand that the terms such as "first" and
"second" in the embodiments of the present disclosure are only used to distinguish
different steps, devices or modules, etc., and do not represent any specific technical
meaning or an inevitable logical sequence therebetween.

It should be noted that the embodiments in the present disclosure and the
features in the embodiments may be combined with each other in the case of no
conflict.

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

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

The following describes the embodiments of the present disclosure in detail

10
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with reference to the accompanying drawings in conjunction with the embodiments.
FIG. 1 shows an exemplary system architecture 100 to which the method for
generating a road map and an apparatus for generating a road map of the
embodiments of the present disclosure are applicable.

As shown in FIG. 1, the system architecture 100 includes a terminal device
101 (e.g., an aerial photographing object, etc.), a terminal device 102 (e.g., a satellite,
etc.), a network 103, and an electronic device 104. The network 103 is configured to
provide a medium for a communication link among the terminal device 101, the
terminal device 102 and the electronic device 104. The network 103 includes various
types of connections, such as wired communication links, wireless communication
links, or optical fiber cables.

A user may interact with the electronic device 104 through the network 103 by
using the terminal devices 101 and 102 to receive or transmit image information and
the like. The terminal devices 101 and 102 are carriers for carrying sensors. Balloons,
aerial photographing objects, artificial satellites and the like, are commonly used to
obtain electromagnetic wave characteristics of a target object from a long distance,
and through transmission, storage and correction of the image information and
recognition of the target object, the function thereof is finally achieved (such as, a
timing function, a positioning function, a qualitative function, or a quantitative
function). The sensor, for example, may be an instrument device for detecting
electromagnetic wave characteristics of a target object, and a camera, a scanner, an
imaging radar and the like are commonly used.

The electronic device 104 may be a server for providing various services, such
as a background image processing server for obtaining remote sensing images from
sensors mounted on terminal devices 101 and 102. The background image processing
server may process, such as analyze, data such as the received remote sensing images,
and output the processing result (such as an object detection result).

It should be noted that the method for generating a road map provided by the
embodiments of the present disclosure may be executed by the electronic device 104.
Accordingly, the apparatus for generating a road map may be provided in the server
104.

It should be understood that the number of the terminal devices, the networks,

and the electronic devices in FIG. 1 are merely illustrative. According to
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implementation needs, there may be any number of terminal devices, networks, and
electronic devices.

Referring to FIG. 2, a flowchart 200 of a method for generating a road map
according to embodiments of the present disclosure is shown. The method for
generating a road map includes the following operations.

At block 201, a remote sensing image is input into a first neural network to
extract first road feature information of multiple channels via the first neural network.

In the embodiments, the electronic device used for implementing the
embodiments (such as the electronic device 104 shown in FIG. 1) may receive remote
sensing images sent by terminal devices 101 and 102 in a wired or wireless manner,
and process the remote sensing images to obtain the first road feature information. It
should be noted that the wireless connection mode, for example, may include, but is
not limited to, a 3G/4G connection, a WiFi connection, a Bluetooth connection, a
wireless metropolitan area network (WiMAX) connection, a wireless personal area
network (Zigbee) connection, an ultra wideband (UWB) connection, other wireless
connections that are now known or developed in the future or the like.

After obtaining the remote sensing image comprising multiple channels, the
remote sensing image is imported into the first neural network, and the first neural
network is capable of extracting the first road feature information of multiple channels
from the remote sensing image. The first road feature information may be, for
example, road feature information including a road width extracted from the remote
sensing image.

In some optional implementations of the embodiments, the first neural
network includes: a second sub-neural network, where the second sub-neural network
may be a neural network trained by using allowable road width information as
supervision information. Accordingly, in this implementation, the inputting a remote
sensing image into a first neural network to extract first road feature information of
multiple channels via the first neural network includes: inputting the remote sensing
image into the second sub-neural network, to extract a second road feature map
(Feature-map) of multiple channels via the second sub-neural network. Accordingly,
in this implementation, the first road feature information includes the second road
feature map.

Based on this implementation, after obtaining the remote sensing image, the

12
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remote sensing image may be directly input into the second sub-neural network. The
second sub-neural network is a neural network trained by using allowable road width
information as supervision information, and the second sub-neural network may
identify the road image in the remote sensing image, and extract the second road
feature map of multiple channels including an allowable width from the remote
sensing image. Exemplarily, the second sub-neural network includes multiple
convolution layers, and each convolution layer may be followed by a normalization
layer and a non-linear layer which are connected thereto in series, and finally outputs
the second road feature map of multiple channels after a classification layer having a
convolution kernel of a set size is connected thereto.

In other optional implementations of the embodiments, the first neural
network includes: a first sub-neural network and a second sub-neural network.
Accordingly, in this implementation, the inputting a remote sensing image into a first
neural network, to extract first road feature information of multiple channels via the
first neural network includes: inputting the remote sensing image into the first sub-
neural network, to extract a first road feature map of multiple channels via the first
sub-neural network; and inputting the first road feature map of multiple channels into
the second sub-neural network, to extract the second road feature map of multiple
channels via the second sub-neural network, where the second sub-neural network is a
neural network trained by using allowable road width information as supervision
information. Accordingly, in this implementation, the first road feature information
includes the second road feature map.

In this implementation, the first neural network may include: a first sub-neural
network and a second sub-neural network. In order to speed up the data processing of
the remote sensing image, the size of the remote sensing image may be reduced by the
first sub-neural network. The first sub-neural network may extract the first road
feature map of multiple channels from the remote sensing image by means of, for
example, convolution and down-sampling. The first road feature map is then input to
a second sub-application embodiment network to obtain the second road feature map
of multiple channels including the allowable width.

In still other optional implementations of the embodiments, the first neural
network includes: a first sub-neural network, a second sub-neural network, and a third

sub-neural network. Accordingly, in this implementation, the inputting a remote
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sensing image into a first neural network, to extract first road feature information of
multiple channels via the first neural network includes: inputting the remote sensing
image into the first sub-neural network, to extract a first road feature map of multiple
channels via the first sub-neural network; inputting the first road feature map of
multiple channels into the second sub-neural network, to extract a second road feature
map of multiple channels via the second sub-neural network, where the second sub-
neural network is a neural network trained by using allowable road width information
as supervision information; and inputting the second road feature map of multiple
channels into the third sub-neural network, to extract a third road feature map of
multiple channels via the third sub-neural network. The first road feature information
includes the third road feature map.

In this implementation, the first neural network includes: a first sub-neural
network, a second sub-neural network, and a third sub-neural network. The first sub-
neural network and the second sub-neural network may be the same as those
described in the above implementation. After obtaining the second road feature map
of multiple channels, the second road feature map of multiple channels may be input
to the third sub-neural network, and a third road feature map of multiple channels is
output after the second road feature map is de-noised by the third sub-neural network.
With the embodiments, an equal-width smooth road may be obtained, and a burr
phenomenon occurring in the extracted road feature map due to reasons of the remote
sensing image such as obstacle obstruction, image sharpness, extraction precision and
the like may be improved.

In some optional implementations of the embodiments, the allowable road
width information may be an allowable road width range, and the width of at least one
road (for example, each road) in the road map falls into the allowable road width
range; alternatively, the allowable road width information may be a predetermined
road width, and the width of at least one road (for example, each road) in the road
map is the predetermined road width.

In the embodiments of the present disclosure, the remote sensing images may
be captured at different heights. To obtain a more accurate road map, an allowable
road width range may be set, and the widths of some or all of the roads in the road
map fall into the allowable road width range, so as to accord with the actual road

width to the greatest extent. Furthermore, the road width may be set as a
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predetermined road width such that the widths of some or all of the roads in the road
map are the predetermined road width.

In some optional implementations of the embodiments, a method for training
the second sub-neural network is also included, for example, the method includes the
following steps.

At step 1, an equal-width road reference map (groundtruth) of a remote
sensing image sample (i.e., a remote sensing image for training) is obtained.

In order to extract the features of the equal-width road through the second sub-
neural network, it is necessary to first obtain the equal-width road reference map of
the remote sensing image sample, and the equal-width road reference map may be
obtained in advance by manual labeling, machine labeling or other methods. The
equal-width road reference map may be a remote sensing image pre-labeled with an
equal-width road, and is used as supervision information in the process of training the
second sub-neural network.

At step 2, the remote sensing image sample or a road feature map of multiple
channels of the remote sensing image sample is input into a to-be-trained second sub-
neural network, to extract a fifth road feature map of multiple channels via the to-be-
trained second sub-neural network.

The training data of the second sub-neural network may be the remote sensing
image sample or the road feature map of multiple channels extracted from the remote
sensing image sample. After the training data is input into the to-be-trained second
sub-neural network, the to-be-trained second sub-neural network may extract
corresponding road width feature information from the training data such as the
remote sensing image sample for training or the road feature map of multiple channels
of the remote sensing image sample, and obtains a corresponding fifth road feature
map of multiple channels.

At step 3, a first road probability map is determined according to the fifth road
feature map of multiple channels.

After obtaining the fifth road feature map, image processing is performed on
the fifth road feature map to determine the first road probability map. The first road
probability map is used for representing a probability of at least one pixel point (for
example, each pixel point) in the fifth road feature map belonging to the road.

Optionally, after determining the first road probability map, normalization processing
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is performed on the first road probability map, and subsequent processing is then
performed.

At step 4, the second loss between the first road probability map and the
equal-width road reference map is passed back to the to-be-trained second sub-neural
network, to adjust network parameters of the to-be-trained second sub-neural network.

The equal-width road reference map may be considered to be an effect map in
an ideal state. Usually, there is an error between the first road probability map and the
equal-width road reference map, and this error may be regarded as the second loss. By
passing the second loss back to the to-be-trained second sub-neural network, the
network parameters of the to-be-trained second sub-neural network are adjusted to
reduce the second loss, thereby improving the accuracy of extracting the equal-width
read features by the to-be-trained second sub-neural network.

In an optional example, block 201 is performed by a processor by invoking a
corresponding instruction stored in a memory, or is performed by a first road feature
information acquisition unit 401 run by the processor.

At block 202, the first road feature information of multiple channels is input
into a third neural network, to extract third road feature information of multiple
channels via the third neural network.

After obtaining the first road feature information, the first road feature
information is input to the third neural network so as to obtain third road feature
information. The third road feature information may be feature information obtained
by adding direction information of the road on the basis of the first road feature
information. The third neural network is a neural network trained by using at least
road direction information as supervision information

In some optional implementations of the embodiments, a method for training
the third neural network is also included, for example, the method includes the
following steps.

At step 1, a road direction reference map (groundtruth) of a remote sensing
image sample is obtained.

In order to extract the directional features of the road through the third neural
network, it is necessary to obtain a road direction reference map of the remote sensing
image firstly. The road direction reference map may be a remote sensing image pre-

marked with a road direction, and the pre-marking approach may be a manual
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marking, a machine marking, or other methods.

At step 2, the remote sensing image sample or a road feature map of multiple
channels of the remote sensing image sample is input into a to-be-trained third neural
network, to extract a fourth road feature map of multiple channels via the to-be-
trained third neural network.

The training data of the third neural network may be the remote sensing image
sample or the road feature map of multiple channels extracted from the remote
sensing image sample. After the training data is input into a to-be-trained third neural
network, the to-be-trained third neural network may extract corresponding direction
feature information from the remote sensing image sample for training or the road
feature map of multiple channels of the remote sensing image sample, and obtain a
corresponding fourth road feature map of multiple channels.

At step 3, a road direction regression map is determined according to the
fourth road feature map of multiple channels.

After obtaining the fourth road feature map, image processing may be
performed on the fourth road feature map, to determine the road direction regression
map. The road direction regression map is used for representing the value of a
corresponding pixel of the feature map of multiple channels, and subsequent
processing may be performed on said map directly without performing normalization
processing. Optionally, the value of a single pixel in the road direction regression map
may be a certain number from 0-180, indicating an offset angle of the road direction
of the pixel relative to the reference direction.

At step 4, the first loss between the road direction regression map and the road
direction reference map is returned to the to-be-trained third neural network, to adjust
network parameters of the to-be-trained third neural network.

The road direction reference map is an effect diagram of the road direction in
an ideal state. Usually, there is an error between the road direction regression map and
the road direction reference map, and this error may be considered as the first loss. By
returning the first loss to the to-be-trained third neural network, the network
parameters of the to-be-trained third neural network may be adjusted to reduce the
first loss, thereby improving the accuracy of extracting the road direction features by
the to-be-trained third neural network.

In an optional example, block 202 may be performed by a processor by
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invoking a corresponding instruction stored in a memory, or may be performed by a
third road feature information acquisition unit 402 run by the processor.

At block 203, the first road feature information and the third road feature
information are fused.

The first road feature information may be road feature information of a certain
road width extracted from the remote sensing image. The third road feature
information may be obtained by adding the feature information of the direction
information of the road, on the basis of the first road feature information. By fusing
the first road feature information and the third road feature information, the road
feature information may have both the road width feature and the direction feature of
the road.

In some optional implementations of the embodiments, the fusing the first
road feature information and the third road feature information includes: performing
addition or weighted addition on the first road feature information and the third road
feature information; or concatenating the first road feature information and the third
road feature information.

From the above description, it may be known that the first road feature
information may be road feature information of a certain road width extracted from
the remote sensing image. Therefore, the first road feature information may be an
image including a certain road width. Similarly, the third road feature information
may be an image including the direction information of the road. The fusion of the
first road feature information and the third road feature information may be
implemented by directly combining (adding), or combining according to a certain
weight (weighting), pixels in the image corresponded to the first road feature
information and pixels in the image corresponded to the third road feature information.
Alternatively, the fusion of the first road feature information and the third road feature
information may be also implemented by directly concatenating the image
corresponded to the first road feature information with the image corresponded to the
third road feature information, on the basis of the first road feature information.

In an optional example, block 203 may be executed by a processor by
invoking a corresponding instruction stored in a memory, or may be executed by an
information fusion unit 403 run by the processor.

At block 204, a road map is generated according to a fusion result.
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After the first road feature information and the third road feature information
are fused, the road feature information may have both the road width feature and the
direction feature of the road. The road map may be generated based on the road width
feature and the direction feature of the road.

In some optional implementations of the embodiments, the generating a road
map according to a fusion result includes: inputting the fusion result into a fourth
neural network, to extract fourth road feature information of multiple channels via the
fourth neural network; and determining the road map based on the fourth road feature
information of multiple channels.

The fusion result of the first road feature information and the third road feature
information is input into the fourth neural network, the road width feature and the
direction feature of the road are combined together by the fourth neural network to
obtain the fourth road feature information of multiple channels, and the road map is
determined according to the fourth road feature information of multiple channels. The
fourth neural network is a neural network trained by using allowable road width
information as supervision information.

In order to achieve automatic driving control or assisted driving control such
as navigation, steering, and channel keeping, after obtaining the road map via the
fourth neural network, the method further includes: determining a centerline of a road
in the road map. The precision of the automatic driving control or assisted driving
control such as navigation, steering, and channel keeping may be improved through
the centerline. The phenomena, such as burrs and smoothness insufficiency, which is
caused by poor extraction effect of the extracted centerline at the road intersection due
to obstacle obstruction during the acquisition of the image of the road intersection,
image sharpness, extraction precision of the remote sensing image and the like, may
occur by using the existing method. On the basis of the road feature and the road
direction in the embodiment, a smooth centerline may be extracted, and the
phenomena such as burrs and smoothness insufficiency, which is caused by poor
extraction effect of the extracted centerline at the road intersection due to obstacle
obstruction during the acquisition of the image of the road intersection, image
sharpness, extraction precision of the remote sensing image and the like, may be
reduced.

In order to achieve automatic driving control or assisted driving control such
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as navigation, steering, and channel keeping, it is necessary to read the data of the
road map. To this end, after obtaining the road map via the fourth neural network, the
method further includes: vectorizing the road map to obtain a road vector map. A
control instruction for automatic driving control or assisted driving control such as
navigation, steering, and channel keeping may be generated by means of the road
vector map.

In addition, when there are road occlusion situations in the remote sensing
image, the obscured road may be supplemented according to information such as the
road width feature and the road direction feature, so as to improve the accuracy of the
road in the road map.

In some optional implementations of the embodiments, a method for training
the fourth neural network may be also included, for example, the method includes the
following steps.

At step 1, an equal-width road reference map of a remote sensing image
sample (i.e., a remote sensing image for training) is obtained.

At step 2, the remote sensing image sample or a road feature map of multiple
channels of the remote sensing image sample is input into a to-be-trained fourth
neural network, to extract a sixth road feature map of multiple channels via the to-be-
trained fourth neural network.

At step 3, a second road probability map is determined according to the sixth
road feature map of multiple channels.

At step 4, the third loss between the second road probability map and the
equal-width road reference map is returned to the to-be-trained fourth neural network,
to adjust network parameters of the to-be-trained fourth neural network.

The training process of the fourth neural network is similar to the training
process of the second sub-neural network, and the related indications may be referred
to each other, and will not be repeated here.

In some optional implementations of the embodiments, in the training process,
the first loss, the second loss, and the third loss may be separately returned to a neural
network system including the third neural network, the second sub-neural network,
and the fourth neural network, to jointly adjust network parameters of the neural
network system, for example, the following steps are included:

obtaining an equal-width road reference map and a road direction reference
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map of a remote sensing image sample; inputting the remote sensing image sample or
a road feature map of multiple channels of the remote sensing image sample into a to-
be-trained second sub-neural network, to extract a fifth road feature map of multiple
channels via the to-be-trained second sub-neural network; and determining a first road
probability map according to the fifth road feature map of multiple channels;

inputting the remote sensing image sample or the road feature map of multiple
channels of the remote sensing image sample into a to-be-trained third neural network,
to extract a fourth road feature map of multiple channels via the to-be-trained third
neural network; and determining a road direction regression map according to the
fourth road feature map of multiple channels;

inputting the remote sensing image sample or the road feature map of multiple
channels of the remote sensing image sample into a to-be-trained fourth neural
network, to extract a sixth road feature map of multiple channels via the to-be-trained
fourth neural network; and determining a second road probability map according to
the sixth road feature map of multiple channels; and

separately returning the first loss between the road direction regression map
and the road direction reference map, the second loss between the road probability
map and the equal-width road reference map, and the third loss between the second
road probability map and the equal-width road reference map to a neural network
system comprising the third neural network, the second sub-neural network, and the
fourth neural network, to jointly adjust network parameters of the neural network
system.

In the embodiments, in addition to adjusting respectively the network
parameters of the neural network systems of the third neural network, the second sub-
neural network, and the fourth neural network through the first loss, the second loss,
and the third loss, the network parameters of the neural network system comprising
the third neural network, the second sub-neural network, and the fourth neural
network may be also adjusted, so as to improve the accuracy of the road width and
direction in the obtained road map.

In an optional example, the block 204 may be performed by a processor by
invoking a corresponding instruction stored in a memory, or may be performed by a
road map generation unit 404 run by the processor.

With continued reference to FIG. 3a, FIG. 3a is a schematic diagram of an
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application scenario of a method for generating a road map according to embodiments
of the present disclosure. FIG. 3a is an actual remote sensing image. It may be seen
that FIG. 3a includes information such as roads, buildings, and trees. In order to
extract road information from the remote sensing image, the remote sensing image is
firstly input into a first neural network to obtain first road feature information; then,
the first road feature information of multiple channels is input into a third neural
network to obtain third road feature information of multiple channels; and afterwards,
the first road feature information and the third road feature information are fused, and
aroad map is generated according to a fusion result, as shown in FIG. 3b.

The methods provided by the embodiments of the present disclosure improve
the accuracy of extracting the road width feature and the road direction feature for the
remote sensing image.

Any method for generating a road map provided by the embodiments of the
present disclosure is executed by any appropriate device having data processing
capability, including, but not limited to, a terminal device, a server and the like.
Alternatively, any method for generating a road map provided by the embodiments of
the present disclosure is executed by a processor, for example, any method for
generating a road map mentioned in the embodiments of the present disclosure is
executed by the processor by invoking a corresponding instruction stored in a memory.
Details are not described below again.

Persons of ordinary skill in the art may understand that all or some steps for
implementing the foregoing method embodiments are achieved by a program by
instructing related hardware; the foregoing program may be stored in a computer
readable storage medium; when the program is executed, steps including the
foregoing method embodiments are executed. Moreover, the foregoing storage
medium includes various media capable of storing program codes such as ROM,
RAM, a magnetic disk, or an optical disk.

With further reference to FIG. 4, as an implementation of the method shown in
the abovementioned drawings, the embodiments of the present disclosure provide an
apparatus for generating a road map. The embodiments of the apparatus for
generating a road map correspond to the embodiments of the method shown in FIG. 2,
and the apparatus may be applied to various electronic devices.

As shown in FIG. 4, the apparatus for generating a road map 400 according to
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the embodiments includes: a first road feature information acquisition unit 401, a third
road feature information acquisition unit 402, an information fusion unit 403, and a
road map generation unit 404. The first road feature information acquisition unit 401
is configured to input a remote sensing image into a first neural network, to extract
first road feature information of multiple channels via the first neural network; the
third road feature information acquisition unit 402 is configured to input the first road
feature information of multiple channels into a third neural network, to extract third
road feature information of multiple channels via the third neural network, where the
third neural network is a neural network trained by using road direction information
as supervision information; the information fusion unit 403 is configured to fuse the
first road feature information and the third road feature information; and the road map
generation unit 404 is configured to generate a road map according to a fusion result.

In some optional implementations of the embodiments, the information fusion
unit 403 is configured to: perform addition or weighted addition on the first road
feature information and the third road feature information; or concatenate the first
road feature information and the third road feature information.

In some optional implementations of the embodiments, the first neural
network includes: a second sub-neural network, where the second sub-neural network
is a neural network trained by using allowable road width information as supervision
information; the first road feature information acquisition unit 401 includes: a first
acquisition sub-unit (not shown), configured to input the remote sensing image into
the second sub-neural network, to extract the second road feature map of multiple
channels via the second sub-neural network. Accordingly, in this implementation, the
first road feature information includes the second road feature map.

In some optional implementations of the embodiments, the first neural
network includes: a first sub-neural network and a second sub-neural network; the
first road feature information acquisition unit 401 includes: a first acquisition subunit
(not shown) and a second acquisition subunit (not shown). The first acquisition
subunit is configured to input the remote sensing image into the first sub-neural
network, to extract a first road feature map of multiple channels via the first sub-
neural network; and the second acquisition subunit is configured to input the first road
feature map of multiple channels into the second sub-neural network, to extract a

second road feature map of multiple channels via the second sub-neural network,
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where the second sub-neural network is a neural network trained by using allowable
road width information as supervision information. Accordingly, in this
implementation, the first road feature information includes the second road feature
map.

In some optional implementations of the embodiments, the first neural
network includes: a first sub-neural network, a second sub-neural network, and a third
sub-neural network; the first road feature information acquisition unit 401 includes: a
first acquisition subunit (not shown), a second acquisition subunit (not shown), and a
third acquisition subunit (not shown). The first acquisition subunit is configured to
input the remote sensing image into the first sub-neural network, to extract a first road
feature map of multiple channels via the first sub-neural network; the second
acquisition subunit is configured to input the first road feature map of multiple
channels into the second sub-neural network, to extract the second road feature map
of multiple channels via the second sub-neural network, where the second sub-neural
network is a neural network trained by using allowable road width information as
supervision information; and the third acquisition subunit is configured to input the
second road feature map of multiple channels into the third sub-neural network, to
extract a third road feature map of multiple channels via the third sub-neural network.
Accordingly, in this implementation, the first road feature information includes the
third road feature map.

In some optional implementations of the embodiments, the allowable road
width information may be an allowable road width range, and the width of each road
in the road map falls into the allowable road width range; or the allowable road width
information may also be a predetermined road width, and the width of each road in
the road map is the predetermined road width.

In some optional implementations of the embodiments, the road map
generation unit 404 includes: a fourth road feature information acquisition subunit
(not shown) and a road map determination subunit (not shown). The fourth road
feature information acquisition subunit is configured to input the fusion result into a
fourth neural network, to extract fourth road feature information of multiple channels
via the fourth neural network; and the road map determination subunit is configured
to determine the road map based on the fourth road feature information of multiple

channels.
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In some optional implementations of the embodiments, the fourth neural
network is a neural network trained by using allowable road width information as
supervision information.

In some optional implementations of the embodiments, the road map
generation unit 404 further includes: a centerline determination subunit (not shown),
configured to determine a centerline of a road in the road map.

In some optional implementations of the embodiments, the road map
generation unit 404 further includes: a road vector map acquisition subunit (not
shown), configured to vectorize the road map to obtain a road vector map.

In some optional implementations of the embodiments, the apparatus further
includes: a third neural network training unit (not shown), configured to: obtain a road
direction reference map of a remote sensing image for training; input the remote
sensing image for training or a road feature map of multiple channels of the remote
sensing image for training into a to-be-trained third neural network, to extract a fourth
road feature map of multiple channels via the to-be-trained third neural network;
determine a road direction regression map according to the fourth road feature map of
multiple channels; and return the first loss between the road direction regression map
and the road direction reference map to the to-be-trained third neural network, to
adjust network parameters of the to-be-trained third neural network.

In some optional implementations of the embodiments, the apparatus further
includes: a second sub-neural network training unit (not shown), configured to: obtain
an equal-width road reference map of a remote sensing image for training; input the
remote sensing image for training or a road feature map of multiple channels of the
remote sensing image for training into a to-be-trained second sub-neural network, to
extract a fifth road feature map of multiple channels via the to-be-trained second sub-
neural network; determine a first road probability map according to the fifth road
feature map of multiple channels; and return the second loss between the first road
probability map and the equal-width road reference map to the to-be-trained second
sub-neural network, to adjust network parameters of the to-be-trained second sub-
neural network.

In some optional implementations of the embodiments, the apparatus further
includes: a fourth neural network training unit (not shown), configured to: obtain an

equal-width road reference map of a remote sensing image for training; input the
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remote sensing image for training or a road feature map of multiple channels of the
remote sensing image for training into a to-be-trained fourth neural network, to
extract a sixth road feature map of multiple channels via the to-be-trained fourth
neural network; determine a second road probability map according to the sixth road
feature map of multiple channels; and return the third loss between the second road
probability map and the equal-width road reference map to the to-be-trained fourth
neural network, to adjust network parameters of the to-be-trained fourth neural
network.

In some optional implementations of the embodiments, the apparatus further
includes: a second sub-neural network training unit, a third neural network training
unit, and a fourth neural network training unit, where,

the second sub-neural network training unit is configured to: obtain an equal-
width road reference map of a remote sensing image for training; input the remote
sensing image for training or a road feature map of multiple channels of the remote
sensing image for training into a to-be-trained second sub-neural network, to extract a
fifth road feature map of multiple channels via the to-be-trained second sub-neural
network; determine a first road probability map according to the fifth road feature
map of multiple channels; and return the second loss between the first road
probability map and the equal-width road reference map to a neural network system
comprising the third neural network, the second sub-neural network, and the fourth
neural network;

the third neural network training unit is configured to: obtain a road direction
reference map of a remote sensing image for training; input the remote sensing image
for training or a road feature map of multiple channels of the remote sensing image
for training into a to-be-trained third neural network, to extract a fourth road feature
map of multiple channels via the to-be-trained third neural network; determine a road
direction regression map according to the fourth road feature map of multiple
channels; and return the first loss between the road direction regression map and the
road direction reference map to a neural network system comprising the third neural
network, the second sub-neural network, and the fourth neural network; and

the fourth neural network training unit is configured to: obtain an equal-width
road reference map of a remote sensing image for training; input the remote sensing

image for training or a road feature map of multiple channels thereof into a to-be-
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trained fourth neural network, to extract a sixth road feature map of multiple channels
via the to-be-trained fourth neural network; determine a second road probability map
according to the sixth road feature map of multiple channels; and return the third loss
between the second road probability map and the equal-width road reference map to a
neural network system comprising the third neural network, the second sub-neural
network, and the fourth neural network, so as to jointly combine the first loss and the
second loss to adjust network parameters of the neural network system.

The embodiments of the present disclosure provide an electronic device,
including: a memory, configured to store executable instructions; and a processor,
configured to communicate with the memory to execute the executable instructions so
as to complete operations of the method for generating a road map according to any
one of the foregoing embodiment.

The embodiments of the present disclosure provide a computer storage
medium, configured to store computer-readable instructions, where when the
instructions are executed, operations of the method for generating a road map
according to any one of the foregoing embodiments are executed.

The embodiments of the present disclosure provide a computer program,
including a computer-readable code, where when the computer-readable code runs in
a device, a processor in the device executes operations used for implementing the
method for generating a road map according to any one of the foregoing embodiments.

Referring to FIG. 5 below, a schematic structural diagram of a server 500
suitable for implementing the embodiments of the present disclosure is shown.

As shown in FIG. 5, the server 500 includes a central processing unit (CPU)
501 that can perform various appropriate actions and processing in accordance with a
program stored in a Read-Only Memory (ROM) 502 or a program loaded from a
storage section 508 to a Random Access Memory (RAM) 503. In the RAM 503,
programs and data required for the operations of the server 500 are also stored. The
CPU 501, the ROM 502, and the RAM 503 are connected to each other via the bus
504. In the presence of the RAM 503, the ROM 502 is an optional module. The RAM
503 stores executable instructions, or writes the executable instructions to the ROM
502 during running; the executable instructions cause the CPU 501 to execute
corresponding operations of the method for generating a road map according to any

one of the foregoing embodiments. An Input/Output (I/O) interface 505 is also
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connected to the bus 504. The communication part 512 is integrated, or is configured
to have multiple sub-modules (for example, multiple IB network cards) connected to
the bus.

The following components are connected to the I/O interface 505: an input
section 506 including a keyboard, a mouse, or the like; an output section 507
including a Liquid Crystal Display (LCD), a speaker, or the like; the storage section
508 including a hard disk, or the like; and a communication section 509 of a network
interface card including an LAN card, a modem, or the like. The communication
section 509 performs communication processing via a network such as the Internet. A
drive 510 is also connected to the I/O interface 505 according to requirements. A
removable medium 511 such as a magnetic disk, an optical disk, a magneto-optical
disk, a semiconductor memory or the like is mounted on the drive 510 according to
requirements, so that a computer program read from the removable medium is
installed on the storage section 508 according to requirements.

Particularly, a process described above with reference to a flowchart according
to the embodiments of the present disclosure is implemented as a computer software
program. For example, the embodiments of the present disclosure include a computer
program product, which includes a computer program tangibly contained in a
machine-readable medium. The computer program includes a program code for
executing the method for generating a road map according to the embodiment
illustrated in the flowchart. In such embodiments, the computer program is
downloaded and installed from the network through the communication section 509,
and/or is installed from the removable medium 511.

The flowcharts and block diagrams in the accompanying drawings illustrate
the architecture, functionality and operations of possible implementations of systems,
methods, and computer program products according to various embodiments of the
present disclosure. In this regard, each block in the flowchart of block diagrams may
represent a portion of a module, program segment, or code, which includes one or
more executable instructions for implementing the specified logical function(s). In
some alternative implementations, it should also be noted that the functions noted in
the block may also occur out of the order noted in the accompanying drawings. For
example, two blocks shown in succession may, in fact, be executed substantially

concurrently, or the blocks may sometimes be executed in the reverse order,
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depending upon the functionality involved. It should also be noted that each block of
the block diagrams and/or flowcharts, and combinations of blocks in the block
diagrams and/or flowcharts, may be implemented by special hardware-based systems
that perform the specified functions or operations or carried out by combinations of
special hardware and computer instructions.

The description of units involved in the embodiments of the present disclosure
may be implemented by means of software or by means of hardware. The described
units may also be provided in a processor, for example, described as: a processor
including a first road feature information acquisition unit, a third road feature
information acquisition unit, an information fusion unit, and a road map generation
unit. The names of these units do not constitute a limitation on the units themselves
under certain circumstances. For example, the road map generation unit may also be
described as "a unit for obtaining a road map".

As another aspect, the embodiments of the present disclosure further provide a
non-transitory computer storage medium. The non-transitory computer storage
medium may be a non-transitory computer storage medium included in the apparatus
in the aforementioned embodiments; or may be a non-transitory computer storage
medium that exists alone and is not assembled into a terminal. The non-transitory
computer storage medium stores one or more programs. When the one or more
programs are executed by a device, the device is caused to: input a remote sensing
image into a first neural network, to extract first road feature information of multiple
channels via the first neural network; input the first road feature information of
multiple channels into a third neural network, to extract third road feature information
of multiple channels via the third neural network, where the third neural network is a
neural network trained by using at least road direction information as supervision
information; fuse the first road feature information and the third road feature
information; and generate a road map according to a fusion result.

The foregoing is only a description of the optional embodiments of the present
disclosure and the applied technical principles. It should be appreciated by those
skilled in the art that scope of invention involved in the embodiments of the present
disclosure is not limited to the technical solutions formed by the particular
combinations of the above technical features, and should also cover other technical

solutions formed by any combinations of the above technical features or equivalent
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features thereof, without departing from the abovementioned inventive concept, such
as, technical solutions formed by mutual replacement of the features as disclosed in
the embodiments of the present disclosure with (but not limited to) technical features

having similar functions.
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CLAIMS

1. A method for generating a road map, comprising:

inputting a remote sensing image into a first neural network to extract first
road feature information of multiple channels via the first neural network;

inputting the first road feature information of multiple channels into a third
neural network to extract third road feature information of multiple channels via the
third neural network, wherein the third neural network is a neural network trained by
using road direction information as supervision information;

fusing the first road feature information and the third road feature information;
and

generating a road map according to a fusion result.

2. The method according to claim 1, wherein the fusing the first road feature
information and the third road feature information comprises:

performing addition or weighted addition on the first road feature information
and the third road feature information; or

concatenating the first road feature information and the third road feature

information.

3. The method according to claim 1 or 2, wherein the first neural network comprises:
a second sub-neural network, wherein the second sub-neural network is a neural
network trained by using allowable road width information as supervision information;
the inputting a remote sensing image into a first neural network to extract first
road feature information of multiple channels via the first neural network comprises:
inputting the remote sensing image into the second sub-neural network to
extract a second road feature map of multiple channels via the second sub-neural
network, wherein the first road feature information comprises the second road feature

map.

4. The method according to claim 3, wherein the first neural network further

comprises: a first sub-neural network;

31



10

15

20

25

30

the inputting the remote sensing image into the second sub-neural network to
extract a second road feature map of multiple channels via the second sub-neural
network comprises:

inputting the remote sensing image into the first sub-neural network to extract
a first road feature map of multiple channels via the first sub-neural network; and

inputting the first road feature map of multiple channels into the second sub-
neural network to extract the second road feature map of multiple channels via the

second sub-neural network.

5. The method according to claim 3 or 4, wherein the first neural network further
comprises: a third sub-neural network;

after the extracting a second road feature map of multiple channels via the
second sub-neural network, the method further comprises:

inputting the second road feature map of multiple channels into the third sub-
neural network to extract a third road feature map of multiple channels via the third
sub-neural network, wherein the first road feature information comprises the third

road feature map.

6. The method according to any one of claims 3 to 5, wherein the allowable road
width information comprises: an allowable road width range, and the width of at least
one road in the road map falls into the allowable road width range; or

the allowable road width information comprises: a predetermined road width,

and the width of at least one road in the road map is the predetermined road width.

7. The method according to any one of claims 1 to 6, wherein the generating a road
map according to a fusion result comprises:
inputting the fusion result into a fourth neural network to extract fourth road
feature information of multiple channels via the fourth neural network; and
determining the road map based on the fourth road feature information of

multiple channels.

8. The method according to claim 7, wherein the fourth neural network is a neural

network trained by using allowable road width information as supervision information.
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9. The method according to any one of claims 1 to 8, wherein after the generating a
road map according to a fusion result, the method further comprises:

determining a centerline of a road in the road map.

10. The method according to any one of claims 1 to 9, wherein after the generating a
road map according to a fusion result, the method further comprises:

vectorizing the road map to obtain a road vector map.

11. The method according to any one of claims 1 to 10, further comprising:

obtaining a road direction reference map of a remote sensing image sample;

inputting the remote sensing image sample or a road feature map of multiple
channels of the remote sensing image sample into a to-be-trained third neural network,
to extract a fourth road feature map of multiple channels via the to-be-trained third
neural network;

determining a road direction regression map according to the fourth road
feature map of multiple channels; and

returning the first loss between the road direction regression map and the road
direction reference map to the to-be-trained third neural network to adjust network

parameters of the to-be-trained third neural network.

12. The method according to any one of claims 3 to 11, further comprising:

obtaining an equal-width road reference map of a remote sensing image
sample;

inputting the remote sensing image sample or a road feature map of multiple
channels of the remote sensing image sample into a to-be-trained second sub-neural
network, to extract a fifth road feature map of multiple channels via the to-be-trained
second sub-neural network;

determining a first road probability map according to the fifth road feature
map of multiple channels; and

returning the second loss between the first road probability map and the equal-
width road reference map to the to-be-trained second sub-neural network, to adjust

network parameters of the to-be-trained second sub-neural network.

13. The method according to any one of claims 7 to 12, further comprising:
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obtaining an equal-width road reference map of a remote sensing image
sample;

inputting the remote sensing image sample or a road feature map of multiple
channels of the remote sensing image sample into a to-be-trained fourth neural
network, to extract a sixth road feature map of multiple channels via the to-be-trained
fourth neural network;

determining a second road probability map according to the sixth road feature
map of multiple channels; and

returning the third loss between the second road probability map and the
equal-width road reference map to the to-be-trained fourth neural network to adjust

network parameters of the to-be-trained fourth neural network.

14. The method according to any one of claims 7 to 10, further comprising:

obtaining an equal-width road reference map and a road direction reference
map of a remote sensing image sample; inputting the remote sensing image sample or
a road feature map of multiple channels of the remote sensing image sample into a to-
be-trained second sub-neural network to extract a fifth road feature map of multiple
channels via the to-be-trained second sub-neural network; and determining a first road
probability map according to the fifth road feature map of multiple channels;

inputting the remote sensing image sample or the road feature map of multiple
channels of the remote sensing image sample into a to-be-trained third neural network,
to extract a fourth road feature map of multiple channels via the to-be-trained third
neural network; and determining a road direction regression map according to the
fourth road feature map of multiple channels;

inputting the remote sensing image sample or the road feature map of multiple
channels of the remote sensing image sample into a to-be-trained fourth neural
network to extract a sixth road feature map of multiple channels via the to-be-trained
fourth neural network; and determining a second road probability map according to
the sixth road feature map of multiple channels; and

separately returning the first loss between the road direction regression map
and the road direction reference map, the second loss between the road probability
map and the equal-width road reference map, and the third loss between the second

road probability map and the equal-width road reference map to a neural network
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system comprising the third neural network, the second sub-neural network, and the
fourth neural network, to jointly adjust network parameters of the neural network

system.

15. An apparatus for generating a road map, comprising:

a first road feature information acquisition unit, configured to input a remote
sensing image into a first neural network to extract first road feature information of
multiple channels via the first neural network;

a third road feature information acquisition unit, configured to input the first
road feature information of multiple channels into a third neural network to extract
third road feature information of multiple channels via the third neural network,
wherein the third neural network is a neural network trained by using road direction
information as supervision information;

an information fusion unit, configured to fuse the first road feature information
and the third road feature information; and

a road map generation unit, configured to generate a road map according to a

fusion result.

16. The apparatus according to claim 15, wherein the information fusion unit is
configured to: perform addition or weighted addition on the first road feature
information and the third road feature information; or concatenate the first road

feature information and the third road feature information.

17. The apparatus according to claim 15 or 16, wherein the first neural network
comprises: a second sub-neural network, wherein the second sub-neural network is a
neural network trained by using allowable road width information as supervision
information;

the first road feature information acquisition unit comprises:

a first acquisition sub-unit, configured to input the remote sensing image into
the second sub-neural network to extract a second road feature map of multiple
channels via the second sub-neural network, wherein the first road feature information

comprises the second road feature map.
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18. The apparatus according to claim 17, wherein the first neural network further
comprises: a first sub-neural network;

the first road feature information acquisition unit further comprises:

a first acquisition subunit, configured to input the remote sensing image into
the first sub-neural network to extract a first road feature map of multiple channels via
the first sub-neural network; and

a second acquisition subunit, configured to input the first road feature map of
multiple channels into the second sub-neural network to extract the second road

feature map of multiple channels via the second sub-neural network.

19. The apparatus according to claim 17 or 18, wherein the first neural network
further comprises: a third sub-neural network;

the first road feature information acquisition unit further comprises:

a third acquisition subunit, configured to input the second road feature map of
multiple channels into the third sub-neural network to extract a third road feature map
of multiple channels via the third sub-neural network, wherein the first road feature

information comprises the third road feature map.

20. The apparatus according to any one of claims 17 to 19, wherein:

the allowable road width information comprises: an allowable road width
range, and the width of at least one road in the road map falls into the allowable road
width range; or

the allowable road width information comprises: a predetermined road width,

and the width of at least one road in the road map is the predetermined road width.

21. The apparatus according to any one of claims 15 to 20, wherein the road map
generation unit comprises:

a fourth acquisition subunit, configured to input the fusion result into a fourth
neural network to extract fourth road feature information of multiple channels via the
fourth neural network; and

a road map determination subunit, configured to determine the road map based

on the fourth road feature information of multiple channels.
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22. The apparatus according to claim 21, wherein the fourth neural network is a neural

network trained by using allowable road width information as supervision information.

23. The apparatus according to any one of claims 15 to 22, wherein the road map
generation unit further comprises:
a centerline determination subunit, configured to determine a centerline of a

road in the road map.

24. The apparatus according to any one of claims 15 to 23, wherein the road map
generation unit further comprises:
a road vector map acquisition subunit, configured to vectorize the road map to

obtain a road vector map.

25. The apparatus according to any one of claims 15 to 24, further comprising: a third
neural network training unit, configured to:

obtain a road direction reference map of a remote sensing image for training;

input the remote sensing image for training or a road feature map of multiple
channels of the remote sensing image for training into a to-be-trained third neural
network, to extract a fourth road feature map of multiple channels via the to-be-
trained third neural network;

determine a road direction regression map according to the fourth road feature
map of multiple channels; and

return the first loss between the road direction regression map and the road
direction reference map to the to-be-trained third neural network to adjust network

parameters of the to-be-trained third neural network.

26. The apparatus according to any one of claims 17 to 25, further comprising: a
second sub-neural network training unit, configured to:

obtain an equal-width road reference map of a remote sensing image for
training;

input the remote sensing image for training or a road feature map of multiple
channels of the remote sensing image for training into a to-be-trained second sub-
neural network, to extract a fifth road feature map of multiple channels via the to-be-

trained second sub-neural network;
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determine a first road probability map according to the fifth road feature map
of multiple channels; and

return the second loss between the first road probability map and the equal-
width road reference map to the to-be-trained second sub-neural network to adjust

network parameters of the to-be-trained second sub-neural network.

27. The apparatus according to any one of claims 21 to 26, further comprising: a
fourth neural network training unit, configured to:

obtain an equal-width road reference map of a remote sensing image for
training;

input the remote sensing image for training or a road feature map of multiple
channels of the remote sensing image for training into a to-be-trained fourth neural
network, to extract a sixth road feature map of multiple channels via the to-be-trained
fourth neural network;

determine a second road probability map according to the sixth road feature
map of multiple channels; and

return the third loss between the second road probability map and the equal-
width road reference map to the to-be-trained fourth neural network to adjust network

parameters of the to-be-trained fourth neural network.

28. The apparatus according to any one of claims 21 to 24, further comprising: a
second sub-neural network training unit, a third neural network training unit, and a
fourth neural network training unit, wherein

the second sub-neural network training unit is configured to: obtain an equal-
width road reference map of a remote sensing image for training; input the remote
sensing image for training or a road feature map of multiple channels of the remote
sensing image for training into a to-be-trained second sub-neural network, to extract a
fifth road feature map of multiple channels via the to-be-trained second sub-neural
network; determine a first road probability map according to the fifth road feature
map of multiple channels; and return the second loss between the first road
probability map and the equal-width road reference map to a neural network system
comprising the third neural network, the second sub-neural network, and the fourth

neural network;
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the third neural network training unit is configured to: obtain a road direction
reference map of a remote sensing image for training; input the remote sensing image
for training or a road feature map of multiple channels of remote sensing image for
training into a to-be-trained third neural network, to extract a fourth road feature map
of multiple channels via the to-be-trained third neural network; determine a road
direction regression map according to the fourth road feature map of multiple
channels; and return the first loss between the road direction regression map and the
road direction reference map to a neural network system comprising the third neural
network, the second sub-neural network, and the fourth neural network; and

the fourth neural network training unit is configured to: obtain an equal-width
road reference map of a remote sensing image for training; input the remote sensing
image for training or a road feature map of multiple channels of the remote sensing
image for training into a to-be-trained fourth neural network, to extract a sixth road
feature map of multiple channels via the to-be-trained fourth neural network;
determine a second road probability map according to the sixth road feature map of
multiple channels; and return the third loss between the second road probability map
and the equal-width road reference map to a neural network system comprising the
third neural network, the second sub-neural network, and the fourth neural network,
so as to jointly combine the first loss and the second loss to adjust network parameters

of the neural network system.

29. An electronic device, comprising:

a memory, configured to store executable instructions; and

a processor, configured to communicate with the memory to execute the
executable instructions to implement the method according to any one of claims 1 to

14.

30. A computer storage medium, having stored thereon computer-readable
instructions that, when being executed by a processor, cause the processor to execute

operations of the method according to any one of claims 1 to 14.
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