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METHOD AND APPARATUS OF ESTIMATING ROAD CONDITION,
AND METHOD AND APPARATUS OF ESTABLISHING ROAD
CONDITION ESTIMATION MODEL

CROSS REFERENCE TO RELATED APPLICATION(S)

This application claims the priority of the Chinese patent application number
202011410518.4, filed on 3 December, 2020, the entire content of which is hereby
incorporated by reference.

TECHNICAL FIELD
The present disclosure relates to a field of computer application, in particular to
a method and apparatus of estimating a road condition and a method and apparatus of

establishing a road condition estimation model in big data and intelligent traffic.

BACKGROUND

With a rapid growth of urban traffic demand, a problem of traffic congestion
has become increasingly serious. The traffic congestion may increase commuting
durations, waste fuels, and increase pollution. Moreover, traffic accidents tend to occur
in this scenario, which has a safety hazard.

If a road condition can be estimated in products such as maps, then users may
be provided with reference timely, so as to choose a suitable route. The users may
further be provided with sequential services such as route planning and route

suggestions based on the estimated road condition.

SUMMARY

In view of this, according to the present disclosure, there is provided a method
and apparatus of estimating a road condition, and a method and apparatus of
establishing a road condition estimation model, so as to estimate a road condition.

According to a first aspect, there is provided a method of estimating a road
condition, including:

acquiring, for a first preset duration before a first moment, a sequence of user

tracks for a road and a sequence of road images for the road;



10

15

20

25

30

extracting a track-related feature of the road from the sequence of the user
tracks, and extracting an image-related feature of the road from the sequence of the road
images; and

inputting the track-related feature of the road and the image-related feature of
the road into a pre-trained road condition estimation model, so as to determine, for a
second preset duration after the first moment, a road condition information of the road
by using an estimated result of the road condition estimation model.

According to a second aspect, there is provided a method of establishing a road
condition estimation model, including:

acquiring training data, including a sequence of user tracks for a sample road
for a first preset duration before a second moment, a sequence of road images for the
sample road for the first preset duration before the second moment and a road condition
label for the sample road for a second preset duration after the second moment;

extracting a track-related feature of the sample road from the sequence of the
user tracks, and extracting an image-related feature of the sample road from the
sequence of the road images; and

training a classification model, by using the track-related feature of the sample
road and the image-related feature of the sample road as an input of the classification
model, and using the road condition label for the sample road as a target output of the
classification model, so as to obtain the road condition estimation model.

According to a third aspect, there is provided an apparatus of estimating a road
condition, including:

a sequence acquiring unit, configured to acquire, for a first preset duration
before a first moment, a sequence of user tracks for a road and a sequence of road
images for the road,;

a feature extracting unit, configured to extract a track-related feature of the road
from the sequence of the user tracks, and extract an image-related feature of the road
from the sequence of the road images; and

a road condition estimating unit, configured to input the track-related feature of
the road and the image-related feature of the road into a pre-trained road condition
estimation model, so as to obtain, for a second preset duration after the first moment, a
road condition information of the road by using an estimated result of the road condition

estimation model.
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According to a fourth aspect, there is provided an apparatus of establishing a
road condition estimation model, including:

a sample acquiring unit, configured to acquire training data, including a
sequence of user tracks for a sample road for a first preset duration before a second
moment, a sequence of road images for the sample road for the first preset duration
before the second moment and a road condition label for the sample road for a second
preset duration after the second moment;

a feature extracting unit, configured to extract a track-related feature of the
sample road from the sequence of the user tracks, and extract an image-related feature
of the sample road from the sequence of the road images; and

a model training unit, configured to train a classification model, by using the
track-related feature of the sample road and the image-related feature of the sample
road as an input of the classification model, and using the road condition label for the
sample road as a target output of the classification model, so as to obtain the road
condition estimation model.

According to a fifth aspect, there is provided an electronic device, including:

at least one processor; and

a memory communicatively connected to the at least one processor,

the memory stores instructions executable by the at least one processor, and the
instructions, when executed by the at least one processor, cause the at least one
processor to implement the method described above.

According to a sixth aspect, there is provided a non-transitory computer-
readable storage medium having computer instructions stored thereon, the computer
instructions allows a computer to implement the method described above.

Other effects of the optional implementations above may be described below

with reference to specific embodiments.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

The drawings are used to better understand the solution and do not constitute a
limitation to the present disclosure, in which:

FIG. 1 schematically shows a system architecture to which the embodiments of

the present disclosure may be applied,;
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FIG. 2 shows a flowchart of a method of estimating a road condition according
to the embodiments of the present disclosure;

FIG. 3 shows a flowchart of a method of extracting an image-related feature
according to the embodiments of the present disclosure;

FIG. 4 shows an exemplary diagram of a road image according to the
embodiments of the present disclosure;

FIG. 5 shows a flowchart of a method of establishing a road condition
estimation model according to the embodiments of the present disclosure;

FIG. 6 shows a structural diagram of an apparatus of estimating a road condition
according to the embodiments of the present disclosure;

FIG. 7 shows a structural diagram of an apparatus of establishing a road
condition estimation model according to the embodiments of the present disclosure;
and

FIG. 8 shows a block diagram of an electronic device for implementing the

embodiments of the present disclosure.

DETAILED DESCRIPTION

The exemplary embodiments of the present disclosure are described below with
reference to the drawings, which include various details of the embodiments of the
present disclosure to facilitate understanding, and which should be considered as
merely illustrative. Therefore, those ordinary skilled in the art should realize that
various changes and modifications may be made to the embodiments described herein
without departing from the scope and spirit of the present disclosure. In addition, for
clarity and conciseness, descriptions of well-known functions and structures are
omitted in the following description.

A main way for estimating a road condition is mining based on user tracks. That
is, a future road condition is estimated by a large number of history tracks and history
road conditions. However, this method has following disadvantages.

1) If the number of the tracks is low, then an accuracy of estimating the road
condition may be affected.

2) In complex road scenarios, such as tunnels, overpasses, construction sites,
urban canyon, etc., track locating may be interfered, and the estimation for the road

condition may be inaccurate.
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3) When the road is congested, drivers tend to close map applications. In this
case, the user tracks may not be acquired, leading to an inaccurate estimation for the
road condition.

In view of this, according to the present disclosure, there is provided a method
of estimating a road condition, combining the user tracks with road images. The method
is described in detail with reference to the embodiments below.

FIG. 1 schematically shows a system architecture to which the embodiments of
the present disclosure may be applied, so as to facilitate an understanding of the system
architecture in global. As shown in FIG. 1, the system architecture may include terminal
devices 101 and 102, a network 103 and a server 104. The network 103 is used as a
media for providing communication links between the terminal devices 101, 102 and
the server 104. The network 103 may include various connection types, such as wired
communication links, wireless communication links, fiber-optic cables, etc.

The users may use the terminal devices 101 and 102 to interact with the server
104 via the network 103. Various applications, such as map applications, voice
interaction applications, web browser applications, communication applications, etc.,
may be installed in the terminal devices 101 and 102.

The terminal devices 101 and 102 may include various electronic devices
supporting and displaying map applications, including but not limited to smartphones,
tablets, intelligent wearable devices, crowdsourcing collection devices, etc. An
apparatus according to the present disclosure may be provided and operated in the
server 104. The apparatus may be implemented as a plurality of software or software
modules (for providing distributed services, for example), or may be implemented as a
single software or software module, which is not limited here.

For example, an apparatus of estimating a road condition may be provided and
operated in the server 104. The terminal devices 101 and 102 may be used as collection
devices for collecting user track data, road image data, etc. The server 104 may acquire
and store the user track data, the road image data, etc. reported by the terminal devices
101 and 102. Special collecting devices may further be used for collecting the user track
data, the road image data, etc. The apparatus of estimating the road condition estimates
the road condition of the road by using the method according to the embodiments of
the present disclosure. The apparatus may transmit road condition information of the
road to the terminal device 101 or 102 actively. Alternatively, the apparatus may

5
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transmit the road condition information of the road to the terminal device 101 or 102 in
response to a request from the terminal device 101 or 102.

For example, an apparatus of establishing a road condition estimation model
may be provided and operated in the server 104 above. The server 104 may train the
road condition estimation model using training data and store the road condition
estimation model on the server side, so that the road condition may be estimated using
the road condition estimation model.

The server 104 may be a single server or a server group including a plurality of
servers. It should be understood that the numbers of terminal devices, networks, and
servers in FIG. 1 are only schematic. There may be any number of terminal devices,
networks and servers as needed.

FIG. 2 shows a flowchart of a method of estimating a road condition according
to the embodiments of the present disclosure. As shown in FIG. 2, the method may
include following operations.

In 201, for a first preset duration before a first moment, a sequence of user tracks
for a road and a sequence of road images for the road are acquired.

The sequence of the user tracks may be a sequence of track points corresponding
to sequential moments, which is reported by a collection terminal (i.e. corresponding to
the terminal device shown in FIG. 1) having locating functions. The sequence of the
road images may be a sequence of road images collected by a collection terminal having
image collecting functions. The collection terminal may be an intelligent terminal
device used by a user, or a road collection crowdsourcing device on a vehicle for
collecting images and a video. The server side stores the sequence of the user tracks
and the sequence of the road images uploaded by the collection terminal.

In the embodiments, the first moment may be a current moment. That is, the
road condition information for the second preset duration in the future may be estimated
by using the sequence of the user tracks and the sequence of the road images for the
first preset duration before the current moment. In addition, it is possible to estimate for
a preset period in history, for example, to estimate a road condition information for the
second preset duration from a history moment. In this case, for the first preset duration
before the history moment, a sequence of user tracks and a sequence of road images
may be acquired. The former case is frequently used where the first moment is a current

moment.
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In 202, a track-related feature of the road is extracted from the sequence of the
user tracks, and an image-related feature of the road is extracted from the sequence of
the road images.

In the embodiments, since a speed feature may reflect a congestion condition of
the road, the track-related feature may include the speed feature. Generally, the road
condition is good when a speed is continuously high, and the road condition is usually
poor when the speed is continuously low.

In addition to the speed feature, other features may be extracted from the
sequence of the user tracks as the track-related features, such as a condition of a track
deviated from a road centerline.

The image-related feature may include at least one of a road empty-degree
feature, a traffic flow feature and a building feature. These features may reflect road
conditions that may appear on the road to a certain extent. Specific methods of
extracting these features may be described in detail in the embodiments below.

In 203, the track-related feature of the road and the image-related feature of the
road are input into a pre-trained road condition estimation model, so as to determine,
for a second preset duration after the first moment, a road condition information of the
road by using an estimated result of the road condition estimation model.

The road condition estimation model is actually a pre-trained classification
model. The road condition information for the second preset duration after the first
moment may be estimated by the road condition estimation model, based on the
sequence of the user tracks for the road and the sequence of the road images for the
road for the first preset duration before the first moment. The estimated road condition
information may include several road condition categories, such as smooth traffic, slow
traffic and congested traffic. For another example, the road condition categories may
include smooth traffic, slow traffic, congested traffic and seriously congested traffic.

A method of training the road condition estimation model may be described in
detail in the embodiments below.

According to the process shown in the embodiments of the present disclosure,
the road condition information for the second preset duration after the first moment may
be predicted based on the sequence of the user tracks for the road and the sequence of
the road images for the road for the first preset duration before the first moment. Thus,

the road condition may be estimated.
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The operation 201 of acquiring, for the first preset duration before the first
moment, the sequence of the user tracks for the road and the sequence of the road
images for the road may be described below in combination with embodiments.

The road in the present disclosure may be a road, determined using various
manners, where a road condition needs to be estimated. The various manners include
but are not limited to following manners.

In a first manner, the road may be a preset target road. For example, the road
may be an important road specified, etc.

In a second manner, the road may be a road in an electronic fence for the road
condition. In this manner, an area may be preset. The area may be regarded as a virtual
fence, and is called “electronic fence for the road condition™. The collection terminal
reports the track points to the server side in real time. Once these track points trigger
the electronic fence for the road condition (for example, if it is shown that the track
points have entered the area of the electronic fence for the road condition), then the
collection terminal may be instructed to collect a sequence of user tracks and a sequence
of road images of the road in the electronic fence for the road condition.

In the third manner, the road may be a road where a track point meets a preset
triggering condition for estimating the road condition.

The collection terminal may report the user tracks in real time. Thus, the server
side may determine a number of the track points on the road and a speed of the track
points on the road according to various user tracks. For example, if the number of the
track points on the road is greater than a certain number, then it is indicated that the
road condition on the road is poor. Alternatively, if the speed of the track points on the
road has been smaller than a certain speed threshold within a certain duration, then it is
indicated that the road condition on the road is poor. Therefore, this road may be
determined as the road where the road condition needs to be estimated.

As one implementation, the server side may transmit information of the road to
the collection terminal. After receiving the information of the road, the collection
terminal is used to collect road images or a video of the road and upload the road images
or the video of the road to the server side.

As another implementation, the server side may further transmit a collection

instruction to a collection terminal on the road above. After receiving the collection
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instruction, the collection terminal collects road images or a video on the current road
and uploads the road images or the video on the current road to the server side.

A sequence of road images collected by the collection terminal on aroad I, may
be represented as <1, , I, \.4,---» 1y, 1,> that is, a sequence of images for N

moments before a moment t. Accordingly, the collection terminal may report user
track points in real time. After the track points are matched, according to moments, with
corresponding images in the sequence of the images, a sequence of user tracks may be

represented as < p, \ , Pr_n.1s---» Pra» P> Each of the track points in the sequence of

the user tracks may be represented as longitude and latitude coordinates, for example.

If a road video is uploaded by the collection terminal, then frames may be
extracted from the road video, such that each road image in the sequence of the road
images may correspond to each track points in the sequence of the user tracks in time.
In this manner, the extracted frames may correspond to each track points in the
sequence of the user tracks in time, and the extracted frames may constitute the
sequence of the road images.

The operation 202 of extracting the track-related feature of the road from the
sequence of the user tracks, and extracting the image-related feature of the road from
the sequence of the road images may be described below in combination with
embodiments.

The track-related feature of the road extracted from the sequence of the user
tracks may include the speed feature. An instantaneous speed on the road may reflect
the road condition. An instantaneous speed of the track points may be obtained by a
ratio of a distance difference to a time difference between two adjacent track points.

As an optional implementation, the speed feature for the sequence of the user
tracks may be reflected as a speed feature in a sequence level, including but not limited
to a speed mean of each track point in the sequence of the user tracks and a speed
variance of each track point in the sequence of the user tracks.

The image-related feature of the road extracted from the sequence of the road
images includes but is not limited to at least one of the road empty-degree feature, the

traffic flow feature and the building feature.
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An optional implementation is provided for extracting the image-related feature.
Referring to FIG. 3, the method of extracting the image-related feature may include
following operations.

In 301, a main driving area is recognized from each road image in the sequence
of the road images, by using a pre-trained image semantic segmentation model.

The image semantic segmentation model is a model frequently used in the field
of image processing. The image semantic segmentation model may classify each pixel
in an image into a specific category based on a pixel level. In the embodiments, the
image semantic segmentation model is used to classify each pixel in the road image
into an object area category (such as a driving area, a vehicle, a building, a street lamp,
a sky, a roadblock, double yellow lines, an isolation belt, a parking line, etc.) in road
traffic.

FIG. 4 shows an exemplary diagram of a road image according to the
embodiments of the present disclosure. For the road image, the image semantic
segmentation model may recognize pixels for the driving area, pixels for the vehicle,
pixels for the building, pixels for the sky, pixels for a road edge, pixels for the double
yellow lines, etc.

When the image semantic segmentation model is pre-trained, the training data
may include various road image samples and a label for each area category in the road
image samples. When the image semantic segmentation model is trained based on the
training data, an input of the semantic segmentation model may be a road image sample,
a target output of the semantic segmentation model may be a classified result for each
pixel, and the classified result is same as the label for each area category in the road
image samples.

The image semantic segmentation model may include DeepLabV3, RefineNet,
etc.

In this operation, after the area category corresponding to each pixel is identified
for each road image by using the image semantic segmentation model, the driving area
and at least one road environment area in the road image may be determined. The road
environment area may be an area for objects in the road environment, such as the
roadblock, the double yellow lines, the isolation belt, the road edge, etc. The main
driving area in the road image may be obtained using these road environment areas.
The main driving area refers to a driving area where the collection terminal for

10
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collecting the road images may drive. The driving area identified by the image semantic
segmentation model may contain other lanes having different driving directions from
the current collection terminal, such as a lane in an opposite direction outside the double
yellow lines, a lane in an intersected direction of a three-dimensional road, a lane having
a road construction, etc. The current collection terminal cannot drive in these lanes,
such that these lanes should be excluded. Only the driving areas where the collection
terminal may drive are determined. The main driving area may include one lane or a
plurality of lanes in the same direction (because the collection terminal may change
lanes when there are a plurality of lanes).

More specifically, there are restrictions (such as the road edge, the double
yellow lines, the isolation belt and the roadblock) in the area where the collection
terminal may drive. For example, in the road image captured by the collection terminal,
the collection terminal may currently drive in an area between the road edge and the
double yellow line, as shown in FIG 4. For another example, in the road image captured
by the collection terminal, the collection terminal may currently drive in an area
between the road edge and the roadblock. Therefore, in the embodiments of the present
disclosure, a linear fitting processing may be performed on road environment areas such
as the roadblock, the double yellow lines, the isolation belt, the road edge, etc. After
the linear fitting processing, a road area surrounded by these road environment areas is
the main driving area. Alternatively, a largest road area of road areas surrounded by
these road environment areas is the main driving area.

In 302, at least one of a road empty-degree of the main driving area and a traffic
flow information of the main driving area is extracted from the each road image.

As an optional implementation, the road empty-degree of the main driving area
may be extracted based on following operations.

In operation S11, the largest inscribed rectangle of a road surface is determined
in the main driving area.

In operation S12, at least one of a ratio of an area of the largest inscribed
rectangle to an area of the main driving area, a ratio of a width of the largest inscribed
rectangle to a width of the main driving area, and a ratio of a height of the largest
inscribed rectangle to a height of the main driving area is taken as an indicator of the
road empty-degree of the main driving area.

11
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In addition to the implementation above, other methods may further be used for
extracting the road empty-degree. For example, a ratio of pixels for the road surface in
the main driving area to pixels for the main driving area may be determined as the
indicator of the road empty-degree of the main driving area.

As an optional implementation, the traffic flow information of the main driving
area may be extracted based on following operations.

In operation S21, information of a category for each vehicle in the road image,
an area for each vehicle in the road image and a confidence for each vehicle in the road
image are extracted by using a target detection algorithm.

The target detection algorithm may include Faster-RCNN, YoloV3, etc.
Vehicles in various categories may be extracted from the road image using the target
detection algorithm. An area where the vehicles are located may be determined
according to pixels of the vehicles. The area here refers to the area obtained by the
image semantic segmentation model above. A confidence for each vehicle may be
output using the target detection algorithm, that is, a confidence that the vehicle belongs
to the output category.

In operation S22, the vehicles in the road image are filtered in following
manners. Vehicles not in the driving area are removed, vehicles not belonging to a
preset category are removed, and vehicles having confidence lower than a preset
confidence threshold are removed.

If all the filtering manners are implemented, then it may be regarded as selecting
vehicles belonging to the preset category in the main driving area and confidence for
the selected vehicles meets certain requirements. For example, motor vehicles in the
main driving area may be selected.

In operation S23, at least one of a number of the selected vehicles and a ratio of
an area of the selected vehicles to the area of the main driving area is taken as the
indicator of the traffic flow information of the main driving area.

The ratios involving areas above may all be determined by ratios regarding to
numbers of pixels in corresponding areas. For example, the ratio of the area of the
selected vehicles to the area of the main driving area may be a ratio of a number of
pixels for corresponding vehicles to a number of pixels in a corresponding main driving

area. Other algorithms such as geometry based methods may further be used.
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Content in different positions of an image may have different impacts on an
actual situation. For example, vehicles in the middle of the image and having smaller
image depths may have larger impacts, and vehicles on both sides of the image and
having larger image depths may have smaller impacts. Therefore, as an optional
embodiment, the road empty-degree and the traffic flow information may be weighted
according to a preset weight matrix. The weight matrix corresponds to each position in
the road image, and the weight matrix is preset according to positions and image depths.

In 303, the road empty-degree feature and/or the traffic flow feature is obtained,
by using the road empty-degree of the main driving area in the each road image and/or
the traffic flow information of the main driving area in the each road image.

The sequence of the road images contains a plurality of road images. Therefore,
in the embodiments, a mean road empty-degree of each road image in the sequence of
the road images and/or a road empty-degree variance of each road image in the
sequence of the road images may be regarded as the road empty-degree feature, and a
mean traffic flow of each road image in the sequence of the road images and/or a traffic
flow variance of each road image in the sequence of the road images may be regarded
as the traffic flow feature of the road.

In addition to the road empty-degree feature and the traffic flow feature above,
the building feature may further be extracted from the road image. Recognized results
for each pixel in the road image by the image semantic segmentation model may include
a building area. A similarity mean and/or a similarity variance of building areas of
adjacent road images in the sequence of the road images may be regarded as the
building feature of the road.

As an optional embodiment, a SIFT (scale-invariant feature transform)
algorithm may be performed on the building area in the road image, so as to obtain the
building feature. For the sequence of the road images, similarities of building features
in adjacent road images may be calculated pairwise. Then, the similarity mean and/or
the similarity variance may be calculated as the building feature of the road.

When the road traffic is congested, vehicles move slowly. In the sequence of
the road images collected by the collection terminal, there are few changes between
buildings in each road image, that is, the similarity is high. The higher the similarity
mean of the building features in road images are, the more congested the road traffic is.

Therefore, the building feature is adopted.

13



10

15

20

25

30

The operation 203 of inputting the track-related feature of the road and the
image-related feature of the road into the pre-trained road condition estimation model,
so as to determine, for the second preset duration after the first moment, the road
condition information of the road by using the estimated result of the road condition
estimation model may be described below in combination with embodiments.

In the embodiments of the present disclosure, the road condition estimation
model may be a classification model, such as GBDT (gradient boosting decision tree),
DNN (deep neural networks), LR (logistic regression), SVM (support vector machines)
and other models.

After the track-related feature of the road and the image-related feature of the
road are input into the road condition estimation model, the road condition estimation
model may output the road condition information of the road. The road condition
information may be several preset road condition categories, such as congested traffic
and smooth traffic. The preset road condition categories may further be congested
traffic, slow traffic and smooth traffic. Alternatively, the preset road condition
categories may be seriously congested traffic, congested traffic, slow traffic and smooth
traffic.

In addition to the track-related feature of the road and the image related feature
of the road extracted in operation 202 above, a time feature corresponding to the first
preset duration before the first moment and a property feature of the road may further
be input into the road condition estimation model.

The time feature may include at least one of: a holiday or not, a workday or not,
office hours or not, after hours or not, etc. The time feature is introduced because the
road condition is usually regular in time, whether on a workday or not, or whether in
office hours or not may have impacts on the road conditions.

The property feature of the road may include at least one of: a number of lanes,
two-way roads or not, a road grade, etc. The property feature of the road is introduced
because roads having different properties usually correspond to different road
capacities, and different road capacities may have a direct impact on the road condition.

FIG. 5 shows a flowchart of a method of establishing a road condition
estimation model according to the embodiments of the present disclosure. As shown in
FIG. 5, the method may include following operations.

14
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In 501, the training data is acquired, including a sequence of user tracks for a
sample road for a first preset duration before a second moment, a sequence of road
images for the sample road for the first preset duration before the second moment and
a road condition label for the sample road for a second preset duration after the second
moment.

The training data may be obtained from history data of the collection terminal.
The second moment is a history moment.

The sequence of user tracks for the sample road and the sequence of road images
for the sample road may be acquired by the server side. Both sequences are collected
by the collection terminal within the first preset duration before the history moment.
The road condition for the second preset duration after the second moment is also a
history data. A road condition label may be generated for each sample road by manual
labeling.

The sample road may be a road having complete track data and road image data
collected by the collection terminal and having a clear road condition. The sample road
may further be a road selected based on other criteria.

In 502, a track-related feature of the sample road is extracted from the sequence
of the user tracks, and an image-related feature of the sample road is extracted from the
sequence of the road images.

The track-related feature of the sample road and the image-related feature of the
sample road may be extracted using the same method for extracting the track-related
feature and the image-related feature in operation 202 of FIG.2. Relevant description
may be referred above, which will not be repeated.

In 503, a classification model is trained, by using the track-related feature of the
sample road and the image-related feature of the sample road as an input of the
classification model, and using the road condition label for the sample road as a target
output of the classification model, so as to obtain the road condition estimation model.

The classification model may be GBDT (gradient boosting decision tree), DNN
(deep neural networks), LR (logistic regression), SVM (support vector machines) and
other models.

The road condition label may be congested traffic or smooth traffic. The road
condition label may further be congested traffic, slow traffic or smooth traffic.

15



10

15

20

25

30

Alternatively, the road condition label may be seriously congested traffic, congested
traffic, slow traffic or smooth traffic.

In addition to the track-related feature of the sample road and the image-related
feature of the sample road, the features input into the classification model may further
include a time feature corresponding to the first preset duration before the second
moment, and/or a property feature of the sample road.

The time feature may include at least one of: a holiday or not, a workday or not,
office hours or not, after hours or not, etc. The time feature is introduced because the
road condition is usually regular in time, whether on a workday or not, or whether in
office hours or not may have impacts on the road conditions.

The property feature of the road may include at least one of: a number of lanes,
two-way roads or not, a road grade, etc. The property feature of the road is introduced
because roads having different properties usually correspond to different road
capacities, and different road capacities may have a direct impact on the road condition.

In a training process, a loss function may be constructed by using a difference
between an output of the classification model and the target output. A value of the loss
function is used to feedback forward to update parameters of the classification model,
until a stop training condition is satisfied. The stop training condition may be satisfied
when the value of the loss function is less than or equal to a preset loss function
threshold, or when the iteration has been performed for a preset threshold value of
times, for example.

K-folds (k-layer cross validation) may be used in the training process. The
training data is divided into k parts, and k is a positive integer greater than 1. One of
the k parts is selected as a test data each time, and other k-1 parts are used as the training
data. Each of the k-1 parts is used to train the classification model respectively and the
test data is used to test the classification model. In this way, k classification models and
error rates of the k classification models in data testing may be obtained. A
classification model having the least mean error rate is selected and the selected model
is trained using all the training data, so as to obtain a final road condition estimation
model.

The above is the detailed description of the method according to the present
disclosure, and the apparatus according to the present disclosure may be described in

detail in combination with the embodiments below.
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FIG. 6 shows a structural diagram of an apparatus of estimating a road condition
according to the embodiments of the present disclosure. The apparatus may be an
application on the server side, or may be a plug-in, a software development kit (SDK)
and other functional units in the application on the server side. The apparatus may
further be in a computer terminal having strong computing abilities. As shown in FIG.
6, the apparatus 600 of estimating a road condition may include: a sequence acquiring
unit 01, a feature extracting unit 02, a road condition estimating unit 03, and an
information interacting unit 04. Functions of each unit are as follows.

The sequence acquiring unit 01 is used to acquire, for a first preset duration
before a first moment, a sequence of user tracks for a road and a sequence of road
images for the road.

The road includes at least one of: a preset target road, a road in an electronic
fence for the road condition, and a road where a track point meets a preset triggering
condition for estimating the road condition.

The information interacting unit 04 is used to transmit information of the road
to a collection terminal, so as to acquire the sequence of the user tracks and the sequence
of the road images. The sequence of the user tracks and the sequence of the road images
are collected by the collection terminal. Alternatively, the information interacting unit
is used to transmit a collection instruction to a collection terminal on the road, so as to
acquire the sequence of the user tracks and the sequence of the road images. The
sequence of the user tracks and the sequence of the road images are collected by the
collection terminal on the road.

The feature extracting unit 02 is used to extract a track-related feature of the
road from the sequence of the user tracks, and extract an image-related feature of the
road from the sequence of the road images.

The track-related feature of the road extracted from the sequence of the user
tracks may include the speed feature. An instantaneous speed on the road may reflect
the road condition. An instantaneous speed of the track points may be obtained by a
ratio of a distance difference to a time difference between two adjacent track points.

The image-related feature includes at least one of a road empty-degree feature,
a traffic flow feature and a building feature.

As an optional embodiment, the feature extracting unit 02, when extracting the
image-related feature of the road from the sequence of the road images, may recognize
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a main driving area from each road image in the sequence of the road images, by using
a pre-trained image semantic segmentation model; extract, from the each road image,
at least one of a road empty-degree of the main driving area and a traffic flow
information of the main driving area; and obtain the road empty-degree feature and/or
the traffic flow feature, by using the road empty-degree of the main driving area in the
each road image and/or the traffic flow information of the main driving area in the each
road image.

The feature extracting unit 02, when recognizing the main driving area from the
each road image in the sequence of the road images, by using the pre-trained image
semantic segmentation model, may recognize, for the each road image, an area category
corresponding to each pixel by using the pre-trained image semantic segmentation
model, so as to determine a driving area and at least one road environment area from
the each road image; and determine the main driving area from the driving area, by
using the at least one road environment area.

Content in different positions of an image may have different impacts on an
actual situation. For example, vehicles in the middle of the image and having smaller
image depths may have larger impacts, and vehicles on both sides of the image and
having larger image depths may have smaller impacts. Therefore, as an optional
embodiment, the road empty-degree and the traffic flow information may be weighted
according to a preset weight matrix. The weight matrix corresponds to each position in
the road image, and the weight matrix is preset according to positions and image depths.

The sequence of the road images contains a plurality of road images. Therefore,
in the embodiments, a mean road empty-degree of each road image in the sequence of
the road images and/or a road empty-degree variance of each road image in the
sequence of the road images may be regarded as the road empty-degree feature, and a
mean traffic flow of each road image in the sequence of the road images and/or a traffic
flow variance of each road image in the sequence of the road images may be regarded
as the traffic flow feature of the road.

The feature extracting unit 02, when extracting the image-related feature of the
road from the sequence of the road images, may recognize a building area from each
road image in the sequence of the road images, by using a pre-trained image semantic

segmentation model; and calculate a similarity mean and/or a similarity variance of
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building areas of adjacent road images in the sequence of the road images, as the
building feature of the road.

The road condition estimating unit is used to input the track-related feature of
the road and the image-related feature of the road into a pre-trained road condition
estimation model, so as to obtain, for a second preset duration after the first moment, a
road condition information of the road by using an estimated result of the road condition
estimation model.

Moreover, the road condition estimating unit 03 is further used to input a time
feature corresponding to the first preset duration before the first moment, and/or a
property feature of the road into the pre-trained road condition estimation model.

The time feature may include at least one of: a holiday or not, a workday or not,
office hours or not, after hours or not, etc. The time feature is introduced because the
road condition is usually regular in time, whether on a workday or not, or whether in
office hours or not may have impacts on the road conditions.

The property feature of the road may include at least one of: a number of lanes,
two-way roads or not, a road grade, etc. The property feature of the road is introduced
because roads having different properties usually correspond to different road
capacities, and different road capacities may have a direct impact on the road condition.

The road condition estimation model may be a classification model, such as
GBDT, DNN, LR, SVM and other models.

After the track-related feature of the road and the image-related feature of the
road are input into the road condition estimation model, the road condition estimation
model may output the road condition information of the road. The road condition
information may be several preset road condition categories, such as congested traffic
and smooth traffic. The preset road condition categories may further be congested
traffic, slow traffic and smooth traffic. Alternatively, the preset road condition
categories may be seriously congested traffic, congested traffic, slow traffic and smooth
traffic.

FIG. 7 shows a structural diagram of an apparatus of establishing a road
condition estimation model according to the embodiments of the present disclosure.
The apparatus may be an application on the server side, or may be a plug-in, a software
development kit (SDK) and other functional units in the application on the server side.
The apparatus may further be in a computer terminal having strong computing abilities.
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As shown in FIG. 7, the apparatus 700 of establishing a road condition estimation model
may include: a sample acquiring unit 11, a feature extracting unit 12, and a model
training unit 13. Functions of each unit are as follows.

The sample acquiring unit 11 is used to acquire training data, including a
sequence of user tracks for a sample road for a first preset duration before a second
moment, a sequence of road images for the sample road for the first preset duration
before the second moment and a road condition label for the sample road for a second
preset duration after the second moment.

The feature extracting unit 12 is used to extract a track-related feature of the
sample road from the sequence of the user tracks, and extract an image-related feature
of the sample road from the sequence of the road images.

The track-related feature includes a speed feature.

The image-related feature includes at least one of a road empty-degree feature,
a traffic flow feature and a building feature.

As an optional embodiment, the feature extracting unit 12, when extracting the
image-related feature of the sample road from the sequence of the road images, may
recognize a main driving area from each road image in the sequence of the road images,
by using a pre-trained image semantic segmentation model; extract, from the each road
image, at least one of a road empty-degree of the main driving area and a traffic flow
information of the main driving area; and obtain the road empty-degree feature and/or
the traffic flow feature, by using the road empty-degree of the main driving area in the
each road image and/or the traffic flow information of the main driving area in the each
road image.

The feature extracting unit 12, when recognizing the main driving area from the
each road image in the sequence of the road images, by using the pre-trained image
semantic segmentation model, may recognize, for the each road image, an area category
corresponding to each pixel by using the pre-trained image semantic segmentation
model, so as to determine a driving area and at least one road environment area from
the each road image; and determine the main driving area from the driving area, by
using the at least one road environment area.

The feature extracting unit 12, when extracting the image-related feature of the
sample road from the sequence of the road images, may recognize a building area from
each road image in the sequence of the road images, by using a pre-trained image
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semantic segmentation model; and calculate a similarity mean and/or a similarity
variance of building areas of adjacent road images in the sequence of the road images,
as the building feature of the sample road.

The model training unit 13 is used to train a classification model, by using the
track-related feature of the sample road and the image-related feature of the sample
road as an input of the classification model, and using the road condition label for the
sample road as a target output of the classification model, so as to obtain the road
condition estimation model.

Moreover, the model training unit 13 is further used to use a time feature
corresponding to the first preset duration before the second moment, and/or a property
feature of the sample road as the input of the classification model.

The classification model may be GBDT, DNN, LR, SVM and other models.

The road condition label may be congested traffic or smooth traffic. The road
condition label may further be congested traffic, slow traffic or smooth traffic.
Alternatively, the road condition label may be seriously congested traffic, congested
traffic, slow traffic or smooth traffic.

The method and apparatus according to the embodiments of the present
disclosure may be applied to, but not limited to, following scenarios.

In scenario 1, after the road condition is estimated using the method and
apparatus of the embodiments of the present disclosure, road condition information of
each road is displayed in the map application. For example, congestion conditions of
each road are distinguished in the map in different colors.

In scenario 2, after the road condition is estimated using the method and
apparatus of the embodiments of the present disclosure, congested roads shall be
avoided when the user requests for route planning.

In scenario 3, after the road condition is estimated using the method and
apparatus of the embodiments of the present disclosure, information of the congested
roads is transmitted to a radio station for broadcast, or transmitted to a client of the map
application for voice broadcast or for text display on an interface.

In scenario 4, after the road condition is estimated using the method and
apparatus of the embodiments of the present disclosure, the road condition information
of each road is stored in a database. A road condition information of a road is
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transmitted to the terminal device, in response to a query request, transmitted from the
terminal device, for the road condition of the road.

According to the embodiments of the present disclosure, the present disclosure
further provides an electronic device and a readable storage medium.

FIG. 8 shows a block diagram of an electronic device for the method of
estimating a road condition and the method of establishing a road condition estimation
model according to the embodiments of the present disclosure. The electronic device is
intended to represent various forms of digital computers, such as a laptop computer, a
desktop computer, a workstation, a personal digital assistant, a server, a blade server, a
mainframe computer, and other suitable computers. The electronic device may further
represent various forms of mobile devices, such as a personal digital assistant, a cellular
phone, a smart phone, a wearable device, and other similar computing devices. The
components as illustrated herein, and connections, relationships, and functions thereof
are merely examples, and are not intended to limit the implementation of the present
disclosure described and/or required herein.

As shown in FIG. 8, the electronic device may include one or more processors
801, a memory 802, and interface(s) for connecting various components, including
high-speed interface(s) and low-speed interface(s). The various components are
connected to each other by using different buses, and may be installed on a common
motherboard or installed in other manners as required. The processor may process
instructions executed in the electronic device, including instructions stored in or on the
memory to display graphical information of GUI (Graphical User Interface) on an
external input/output device (such as a display device coupled to an interface). In other
embodiments, a plurality of processors and/or a plurality of buses may be used with a
plurality of memories, if necessary. Similarly, a plurality of electronic devices may be
connected in such a manner that each device provides a part of necessary operations
(for example, as a server array, a group of blade servers, or a multi-processor system).
In FIG. 8, a processor 801 is illustrated by way of example.

The memory 802 is a non-transitory computer-readable storage medium
provided by the present disclosure. The memory stores instructions executable by at
least one processor, to cause the at least one processor to perform the method of
estimating a road condition and the method of establishing a road condition estimation
model provided in the present disclosure. The non-transitory computer-readable storage
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medium of the present disclosure stores computer instructions for allowing a computer
to execute the method of estimating a road condition and the method of establishing a
road condition estimation model provided in the present disclosure.

The memory 802, as a non-transitory computer-readable storage medium, may
be used to store non-transitory software programs, non-transitory computer-executable
programs and modules, such as program instructions/units corresponding to the method
of estimating a road condition and the method of establishing a road condition
estimation model in the embodiments of the present disclosure. The processor 801
executes various functional applications and data processing of the server by executing
the non-transient software programs, instructions and units stored in the memory 802,
thereby implementing the method of pre-rendering the page in the embodiments of the
method mentioned above.

The memory 802 may include a program storage area and a data storage area.
The program storage area may store an operating system and an application program
required by at least one function. The data storage area may store data etc. generated
by using the electronic device according to the method of pre-rending the page. In
addition, the memory 802 may include a high-speed random access memory, and may
further include a non-transitory memory, such as at least one magnetic disk storage
device, a flash memory device, or other non-transitory solid-state storage devices. In
some embodiments, the memory 802 may optionally include a memory provided
remotely with respect to the processor 801, and such remote memory may be connected
through a network to the electronic device. Examples of the above-mentioned network
include, but are not limited to the Internet, intranet, local area network, mobile
communication network, and combination thereof.

The electronic device may further include an input device 803 and an output
device 804. The processor 801, the memory 802, the input device 803 and the output
device 804 may be connected by a bus or in other manners. In FIG. 8, the connection
by a bus is illustrated by way of example.

The input device 803 may receive input information of numbers or character,
and generate key input signals related to user settings and function control of the
electronic device, such as a touch screen, a keypad, a mouse, a track pad, a touchpad, a
pointing stick, one or more mouse buttons, a trackball, a joystick, and so on. The output
device 804 may include a display device, an auxiliary lighting device (for example,
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LED), a tactile feedback device (for example, a vibration motor), and the like. The
display device may include, but is not limited to, a liquid crystal display (LCD), a light
emitting diode (LED) display, and a plasma display. In some embodiments, the display
device may be a touch screen.

Various embodiments of the systems and technologies described herein may be
implemented in a digital electronic circuit system, an integrated circuit system, an
application specific integrated circuit (ASIC), a computer hardware, firmware,
software, and/or combinations thereof. These various embodiments may be
implemented by one or more computer programs executable and/or interpretable on a
programmable system including at least one programmable processor. The
programmable processor may be a dedicated or general-purpose programmable
processor, which may receive data and instructions from the storage system, the at least
one input device and the at least one output device, and may transmit the data and
instructions to the storage system, the at least one input device, and the at least one
output device.

These computing programs (also referred to as programs, software, software
applications, or codes) contain machine instructions for a programmable processor, and
may be implemented using high-level programming languages, object-oriented
programming languages, and/or assembly/machine languages. As used herein, the
terms "machine-readable medium™ and "computer-readable medium™ refer to any
computer program product, apparatus and/or device (for example, magnetic disk,
optical disk, memory, programmable logic device) for providing machine instructions
and/or data to a programmable processor, including a machine-readable medium for
receiving machine instructions as machine-readable signals. The term "machine-
readable signal” refers to any signal for providing machine instructions and/or data to
a programmable processor.

In order to provide interaction with the user, the systems and technologies
described here may be implemented on a computer including a display device (for
example, a CRT (cathode ray tube) or LCD (liquid crystal display) monitor) for
displaying information to the user, and a keyboard and a pointing device (for example,
a mouse or a trackball) through which the user may provide the input to the computer.
Other types of devices may also be used to provide interaction with users. For example,
a feedback provided to the user may be any form of sensory feedback (for example,
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visual feedback, auditory feedback, or tactile feedback), and the input from the user
may be received in any form (including acoustic input, voice input or tactile input).

The systems and technologies described herein may be implemented in a
computing system including back-end components (for example, a data server), or a
computing system including middleware components (for example, an application
server), or a computing system including front-end components (for example, a user
computer having a graphical user interface or web browser through which the user may
interact with the implementation of the systems and technologies described herein), or
a computing system including any combination of such back-end components,
middleware components or front-end components. The components of the system may
be connected to each other by digital data communication (for example, a
communication network) in any form or through any medium. Examples of the
communication network include a local area network (LAN), a wide area network
(WAN), and Internet.

The computer system may include a client and a server. The client and the server
are generally far away from each other and usually interact through a communication
network. The relationship between the client and the server is generated through
computer programs running on the corresponding computers and having a client-server
relationship with each other.

It should be understood that operations of the processes illustrated above may
be reordered, added or deleted in various manners. For example, the operations
described in the present disclosure may be performed in parallel, sequentially, or in a
different order, as long as a desired result of the technical solution of the present
disclosure may be achieved. This is not limited in the present disclosure.

The above-mentioned specific embodiments do not constitute a limitation on
the scope of protection of the present disclosure. Those skilled in the art should
understand that various modifications, combinations, sub-combinations and
substitutions may be made according to design requirements and other factors. Any
modifications, equivalent replacements and improvements made within the spirit and
principles of the present disclosure shall be contained in the scope of protection of the

present disclosure.
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CLAIMS

1. A method of estimating a road condition, comprising:

acquiring, for a first preset duration before a first moment, a sequence of user
tracks for a road and a sequence of road images for the road;

extracting a track-related feature of the road from the sequence of the user
tracks, and extracting an image-related feature of the road from the sequence of the road
images; and

inputting the track-related feature of the road and the image-related feature of
the road into a pre-trained road condition estimation model, so as to determine, for a
second preset duration after the first moment, a road condition information of the road
by using an estimated result of the road condition estimation model;

wherein the pre-trained road condition estimation model is obtained by training a
road condition estimation model using a training data containing a road condition label,
and the road condition label comprises one of seriously congested traffic, congested
traffic, slow traffic or smooth traffic;
wherein the image-related feature comprises a road empty-degree feature, a traffic

flow feature and a building feature; wherein the extracting an image-related feature of
the road from the sequence of the road images comprises:

recognizing a building area from each road image in the sequence of the road
images, by using a pre-trained image semantic segmentation model; and

calculating at least one of a similarity mean and a similarity variance for
building areas of adjacent road images in the sequence of the road images, as the
building feature of the road.

2. The method of claim 1, wherein the road comprises at least one of:
a preset target road,
aroad in an electronic fence for the road condition, and
a road where a track point meets a preset triggering condition for estimating the

road condition.

3. The method of claim 1, further comprising:
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transmitting information of the road to a collection terminal, so as to acquire the
sequence of the user tracks and the sequence of the road images, wherein the sequence
of the user tracks and the sequence of the road images are collected by the collection
terminal; or

transmitting a collection instruction to a collection terminal on the road, so as
to acquire the sequence of the user tracks and the sequence of the road images, wherein
the sequence of the user tracks and the sequence of the road images are collected by the

collection terminal on the road.

4. The method of claim 1, wherein the track-related feature comprises a speed
feature.
5. The method of claim 4, wherein the extracting an image-related feature of the

road from the sequence of the road images further comprises:

recognizing a main driving area from each road image in the sequence of the
road images, by using a pre-trained image semantic segmentation model;

extracting, from the each road image, at least one of a road empty-degree of the
main driving area and a traffic flow information of the main driving area; and

obtaining the road empty-degree feature and/or the traffic flow feature, by using
the road empty-degree of the main driving area in the each road image and/or the traffic

flow information of the main driving area in the each road image.

6. The method of claim 5, wherein the recognizing a main driving area from each
road image in the sequence of the road images, by using a pre-trained image semantic
segmentation model comprises:
recognizing, for the each road image, an area category corresponding to each
pixel by using the pre-trained image semantic segmentation model, so as to determine
a driving area and at least one road environment area from the each road image; and
determining the main driving area from the driving area, by using the at least

one road environment area.

7. The method of claim 1, wherein features input into the road condition estimation
model further comprises:
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a time feature corresponding to the first preset duration before the first moment,

and/or a property feature of the road.

8. A method of establishing a road condition estimation model, comprising:

acquiring training data, including a sequence of user tracks for a sample road
for a first preset duration before a second moment, a sequence of road images for the
sample road for the first preset duration before the second moment and a road condition
label for the sample road for a second preset duration after the second moment, wherein
the road condition label comprises one of seriously congested traffic, congested traffic,
slow traffic or smooth traffic;

extracting a track-related feature of the sample road from the sequence of the
user tracks, and extracting an image-related feature of the sample road from the
sequence of the road images; and

training a classification model, by using the track-related feature of the sample
road and the image-related feature of the sample road as an input of the classification
model, and using the road condition label for the sample road as a target output of the
classification model, so as to obtain the road condition estimation model;

wherein the image-related feature comprises a road empty-degree feature, a traffic

flow feature and a building feature; wherein the extracting an image-related feature of
the road from the sequence of the road images comprises:

recognizing a building area from each road image in the sequence of the road
images, by using a pre-trained image semantic segmentation model; and

calculating at least one of a similarity mean and a similarity variance for
building areas of adjacent road images in the sequence of the road images, as the

building feature of the road.

9. The method of claim 8, wherein the track-related feature comprises a speed
feature.

10.  The method of claim 9, wherein the extracting an image-related feature of the
sample road from the sequence of the road images comprises:
recognizing a main driving area from each road image in the sequence of the
road images, by using a pre-trained image semantic segmentation model;
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extracting, from the each road image, at least one of a road empty-degree of the
main driving area and a traffic flow information of the main driving area; and

obtaining the road empty-degree feature and/or the traffic flow feature, by using
the road empty-degree of the main driving area in the each road image and/or the traffic

flow information of the main driving area in the each road image.

11.  The method of claim 10, wherein the recognizing a main driving area from each
road image in the sequence of the road images, by using a pre-trained image semantic
segmentation model comprises:
recognizing, for the each road image, an area category corresponding to each
pixel by using the pre-trained image semantic segmentation model, so as to determine
a driving area and at least one road environment area from the each road image; and
determining the main driving area from the driving area, by using the at least

one road environment area.

12.  The method of claim 8, wherein the input of the classification model further
comprises:
a time feature corresponding to the first preset duration before the second

moment, and/or a property feature of the sample road.

13.  An electronic device, comprising:

at least one processor; and

a memory communicatively connected to the at least one processor,
wherein the memory stores instructions executable by the at least one processor, and
the instructions, when executed by the at least one processor, cause the at least one
processor to implement operations of estimating a road condition, comprising:

acquiring, for a first preset duration before a first moment, a sequence of user
tracks for a road and a sequence of road images for the road;

extracting a track-related feature of the road from the sequence of the user
tracks, and extracting an image-related feature of the road from the sequence of the road
images; and

inputting the track-related feature of the road and the image-related feature of
the road into a pre-trained road condition estimation model, so as to determine, for a
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second preset duration after the first moment, a road condition information of the road
by using an estimated result of the road condition estimation model;
wherein the pre-trained road condition estimation model is obtained by training a
road condition estimation model using a training data containing a road condition label,
and the road condition label comprises one of seriously congested traffic, congested
traffic, slow traffic or smooth traffic;
wherein the image-related feature comprises a road empty-degree feature, a traffic
flow feature and a building feature; wherein the extracting an image-related feature of
the road from the sequence of the road images comprises:
recognizing a building area from each road image in the sequence of the road
images, by using a pre-trained image semantic segmentation model; and
calculating at least one of a similarity mean and a similarity variance for
building areas of adjacent road images in the sequence of the road images, as the

building feature of the road.

14.  An electronic device, comprising:

at least one processor; and

a memory communicatively connected to the at least one processor,

wherein the memory stores instructions executable by the at least one processor,
and the instructions, when executed by the at least one processor, cause the at least one

processor to implement the method of claim 8.

15. A non-transitory computer-readable storage medium having computer
instructions stored thereon, wherein the computer instructions allows a computer to

implement the method of claim 1.
16. A non-transitory computer-readable storage medium having computer

instructions stored thereon, wherein the computer instructions allows a computer to

implement the method of claim 8.
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