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METHOD AND APPARATUS FOR DETERMINING ROAD 

OPERATION CONDITION, DEVICE, STORAGE MEDIUM, AND 

PROGRAM 

CROSS-REFERENCE TO RELATED APPLICATION 

[ 0001] This application claims priority to Chinese Patent Application No. 

202010963859.8 filed on September 14, 2020, the disclosure of which is hereby 

incorporated by reference in its entirety. 

 

TECHNICAL FIELD 

[ 0002] This application relates to the field of computer vision technologies, and 

relates to, but is not limited to, a method and an apparatus for determining road operation 

condition, a device, and a storage medium. 

 

BACKGROUND 

[ 0003] With the rapid growth of demand for motor vehicle traffic, serious traffic 

congestion occurs in urban expressways and intercity highways. In order to facilitate the 

traffic management department to perceive the operation status of a road network in real 

time and in all directions, and to make management and control predictions, it is 

particularly important for the traffic management department to accurately and timely 

identify congestion. 

[ 0004] In related technologies, road congestion is generally identified using 

conventional detectors or based on video detection. In the solution of identifying road 

congestion using conventional detectors, the speed of vehicles running on a road is 

mostly determined through GPS data returned by vehicles or by detectors such as radar. 

In the solution of identifying road congestion based on video detection, an observation 

area is manually drawn to determine the speed of vehicles in the observation area so as to 
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predict the congestion status of the observation area, or a deep neural network is 

employed to directly predict the congestion status of the observation area. However, 

since the solutions of determining road congestion in the related technologies are affected 

by different factors, there is a problem that determination of the road congestion is 

inaccurate. 

SUMMARY 

[ 0005] In view of this, embodiments of this application are intended to provide a 

method and an apparatus for determining road operation condition, a device, and a 

storage medium. 

[ 0006] The technical solutions in the embodiments of this application are 

implemented as follows. 

[ 0007] The embodiments of this application provide a method for determining road 

operation condition. The method includes the following operations. 

[ 0008] An image of a road to be monitored is acquired, where the image is obtained 

by photographing the road to be monitored. 

[ 0009] The number of vehicles on the road to be monitored is acquired, and the road 

to be monitored is divided into an upstream road and a downstream road based on the 

image and the number of vehicles on the road to be monitored. 

[ 0010] The number of vehicles on the upstream road and the number of vehicles on 

the downstream road are acquired, and a target domain value is determined based on the 

number of vehicles on the road to be monitored, the number of vehicles on the upstream 

road, the number of vehicles on the downstream road, and a traffic wave of the road to be 

monitored. 

[ 0011] In a case where the number of vehicles on the road to be monitored is greater 

than the target domain value, it is determined that congestion occurs on the road to be 

monitored. 
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[ 0012] In the above-mentioned solution, the operation that the number of vehicles on 

the road to be monitored is acquired may include the following operations. 

[ 0013] The image of the road to be monitored is analyzed by using a neural network 

algorithm to divide the road to be monitored into roads in different directions. 

[ 0014] The number of vehicles on roads in each direction of the road to be monitored 

is acquired respectively. 

[ 0015] Correspondingly, the operation that the road to be monitored is divided into an 

upstream road and a downstream road based on the image of the road to be monitored 

and the number of vehicles on the road to be monitored may include that: the roads in 

each direction are respectively divided into an upstream road and a downstream road 

based on the image of the road to be monitored and the number of vehicles on the roads 

in each direction. 

[ 0016] In the above-mentioned solution, the operation that the roads in each direction 

are respectively divided into an upstream road and a downstream road based on the 

image of the road to be monitored and the number of vehicles on the roads in each 

direction may include the following operations. 

[ 0017] The roads in each direction are discretized into J parts, where J is a positive 

integer greater than 1. 

[ 0018] The image of the road to be monitored and the number of vehicles on the roads 

in each direction are analyzed respectively, and the number of vehicles on each of the J 

parts of the roads in each direction within a first preset time period is determined 

respectively. 

[ 0019] Calculation processing is performed on the number of vehicles on each part of 

the roads among the roads in each direction within the first preset time period, and the 

roads in each direction are divided into the upstream road and the downstream road based 

on a calculation result. 
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[ 0020] In the above-mentioned solution, the operation that calculation processing is 

performed on the number of vehicles on each part of the roads in each direction within 

the first preset time period, and the roads in each direction are divided into the upstream 

road and the downstream road based on a calculation result may include the following 

operations. 

[ 0021] A cut point k is determined by calculation based on the number of vehicles on 

each part of the roads in each direction within the first preset time period. 

[ 0022] At least one road corresponding to the first k parts of the roads in each 

direction is determined as the upstream road, and at least one road corresponding to the 

remaining part other than the first k parts of the roads in each direction is determined as 

the downstream road. 

[ 0023] In the above-mentioned solution, the operation that the number of vehicles on 

the road to be monitored is acquired may include that: the first number of vehicles on 

roads in each direction of the road to be monitored at each moment within a second 

preset time period are acquired. 

[ 0024] Correspondingly, the operation that the number of vehicles on the upstream 

road and the number of vehicles on the downstream road are acquired, and a target 

domain value is determined based on the number of vehicles on the road to be monitored, 

the number of vehicles on the upstream road, the number of vehicles on the downstream 

road, and a traffic wave of the road to be monitored may include the following operations. 

[ 0025] A suspected congestion moment and a suspected congestion number for the 

roads in each direction are determined by calculation based on the first number of 

vehicles on the roads in each direction of the road to be monitored at each moment within 

the second preset time period. 

[ 0026] The number of vehicles on the upstream road and the number of vehicles on 

the downstream road in the roads in each direction at each moment within a first preset 

time period are acquired. 
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[ 0027] For the roads in each direction, responsive to determining, based on the 

number of vehicles on the upstream road and the number of vehicles on the downstream 

road in the roads in each direction at each moment within the first preset time period, that 

a congested traffic wave exists in the traffic wave of the road to be monitored at the 

suspected congestion moment, the target domain value is determined as the suspected 

congestion number. 

[ 0028] In the above-mentioned solution, the operation that a suspected congestion 

moment and a suspected congestion number for the roads in each direction are 

determined by calculation based on the first number of vehicles on the roads in each 

direction of the road to be monitored at each moment within the second preset time 

period may include the following operations. 

[ 0029] The second number of vehicles on the roads in each direction after a preset 

interval time from each moment within the second preset time period is acquired. 

[ 0030] The third number of vehicles on the roads in each direction before a preset 

interval time from each moment within the second preset time period is acquired. 

[ 0031] For the roads in each direction, a moment at which the first number is less than 

the second number and the first number is greater than the third number is determined as 

the suspected congestion moment, and the number of vehicles at the suspected 

congestion moment is determined as the suspected congestion number. 

[ 0032] In the above-mentioned solution, the operation that for the roads in each 

direction, responsive to determining, based on the number of vehicles on the upstream 

road and the number of vehicles on the downstream road in the roads in each direction at 

each moment within the first preset time period, that a congested traffic wave exists in 

the traffic wave of the road to be monitored at the suspected congestion moment, the 

target domain value is determined as the suspected congestion number may include the 

following operations. 

[ 0033] Operation time for the roads in each direction is determined based on the 

number of vehicles on the upstream road and the number of vehicles on the downstream 

road in the roads in each direction at each moment within the first preset time period, 
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where the operation time is the time when the vehicles travel from the upstream road to 

the downstream road. 

[ 0034] A first growth rate of the upstream road in the roads in each direction of the 

road to be monitored at the suspected congestion moment is calculated, and a second 

growth rate of the downstream road in the roads in each direction after the operation time 

from the suspected congestion moment is calculated. 

[ 0035] For the roads in each direction, a to-be-determined numerical value is 

calculated based on the first growth rate and the second growth rate. 

[ 0036] For the roads in each direction, in a case where the to-be-determined numerical 

value is greater than a preset threshold value, it is determined that a congested traffic 

wave exists in the traffic wave of the road to be monitored at the suspected congestion 

moment, and the target threshold value is determined as the suspected congestion 

number. 

[ 0037] In the above-mentioned solution, the operation that a first growth rate of the 

upstream road in the roads in each direction of the road to be monitored at the suspected 

congestion moment is calculated, and a second growth rate of the downstream road in the 

roads in each direction after the operation time from the suspected congestion moment is 

calculated may include the following operations. 

[ 0038] The number of vehicles on the upstream road in the roads in each direction at 

the suspected congestion moment is acquired, and the number of vehicles on the 

downstream road in the roads in each direction at a moment after the operation time from 

the suspected congestion moment is acquired. 

[ 0039] The first average number of vehicles on the upstream road in the roads in each 

direction and the second average number of vehicles on the downstream road within a 

third preset time period are calculated. 

[ 0040] The first growth rate is calculated based on the number of vehicles on the 

upstream road in the roads in each direction at the suspected congestion moment and the 

first average number of vehicles on the roads in each direction. 
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[ 0041] The second growth rate is calculated based on the number of vehicles on the 

downstream road in the roads in each direction at the moment after the operation time 

from the suspected congestion moment and the second average number of vehicles on the 

roads in each direction. 

[ 0042] In the above-mentioned solution, the operation that for the roads in each 

direction, a to-be-determined numerical value is calculated based on the first growth rate 

and the second growth rate may include the following operations. 

[ 0043] A first difference between a growth rate of the upstream road and a growth rate 

of the downstream road in the roads in each direction is calculated based on the first 

growth rate and the second growth rate of the roads in each direction. 

[ 0044] A second difference between the number of vehicles on the roads in each 

direction at the suspected congestion moment and the number of vehicles on the roads in 

each direction at the previous moment of the suspected congestion moment is calculated. 

[ 0045] For the roads in each direction, the to-be-determined numerical value is 

calculated based on the first difference and the second difference. 

[ 0046] In the above-mentioned solution, the operation that in a case where the number 

of vehicles on the road to be monitored is greater than the target domain value, it is 

determined that congestion occurs on the road to be monitored may include the following 

operations. 

[ 0047] A duration during which the number of vehicles on the road to be monitored is 

greater than the target domain value is acquired. 

[ 0048] In a case where the number of vehicles on the road to be monitored is greater 

than the target domain value and the duration is greater than a preset time threshold 

value, it is determined that congestion occurs on the road to be monitored. 

[ 0049] The embodiments of this application provide an apparatus for determining road 

operation condition. The apparatus includes: an acquisition unit, a division unit, a first 

determination unit, and a second determination unit. 
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[ 0050] The acquisition unit is configured to acquire an image of a road to be 

monitored, where the image is obtained by photographing the road to be monitored. 

[ 0051] The division unit is configured to acquire the number of vehicles on the road to 

be monitored, and divide the road to be monitored into an upstream road and a 

downstream road based on the image of the road to be monitored and the number of 

vehicles on the road to be monitored. 

[ 0052] The first determination unit is configured to acquire the number of vehicles on 

the upstream road and the number of vehicles on the downstream road, and determine a 

target domain value based on the number of vehicles on the road to be monitored, the 

number of vehicles on the upstream road, the number of vehicles on the downstream 

road, and a traffic wave of the road to be monitored. 

[ 0053] The second determination unit is configured to determined determine that 

congestion occurs on the road to be monitored in a case where the number of vehicles on 

the road to be monitored is greater than the target domain value. 

[ 0054] In the above-mentioned solution, the division unit may include: a first 

determination module and a first acquisition module. 

[ 0055] The first determination module is configured to analyze the image of the road 

to be monitored by using a neural network algorithm to divide the road to be monitored 

into roads in different directions. 

[ 0056] The first acquisition module is configured to respectively acquire the number 

of vehicles on roads in each direction of the road to be monitored. 

[ 0057] Correspondingly, the division unit may further include: a first division module, 

configured to respectively divide the roads in each direction into an upstream road and a 

downstream road based on the image of the road to be monitored and the number of 

vehicles on the roads in each direction. 

[ 0058] In the above-mentioned solution, the first division module may be further 

configured to: 



 
 
9 

 

[ 0059] respectively discretize the roads in each direction into J parts, where J is a 

positive integer greater than 1; 

[ 0060] analyze the image of the road to be monitored and the number of vehicles on 

the roads in each direction to respectively determine the number of vehicles on each of 

the J parts of the roads in each direction within a first preset time period; and 

[ 0061] perform calculation processing on the number of vehicles on each part of the 

roads in each direction within the first preset time period, and divide the roads in each 

direction into the upstream road and the downstream road based on a calculation result. 

[ 0062] In the above-mentioned solution, the first division module may be further 

configured to: 

[ 0063] determine a cut point k by calculation based on the number of vehicles on each 

part of the roads in each direction within the first preset time period; and 

[ 0064] determine, according to traveling directions of the vehicles, at least one road 

corresponding to the first k parts of the roads in each direction as the upstream road, and 

at least one road corresponding to the remaining part other than the first k parts of the 

roads in each direction as the downstream road. 

[ 0065] In the above-mentioned solution, the division unit may further include: a 

second acquisition module, configured to acquire the first number of vehicles on roads in 

each direction of the road to be monitored at each moment within a second preset time 

period. 

[ 0066] Correspondingly, the first determination unit may include: 

[ 0067] a second determination module, configured to determine a suspected 

congestion moment and a suspected congestion number for the roads in each direction by 

calculation based on the first number of vehicles on the roads in each direction of the 

road to be monitored at each moment within the second preset time period; 
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[ 0068] a second acquisition module, configured to acquire the number of vehicles on 

the upstream road and the number of vehicles on the downstream road in the roads in 

each direction at each moment within a first preset time period; and 

[ 0069] a third determination module, configured to, for the roads in each direction, 

responsive to determining, based on the number of vehicles on the upstream road and the 

number of vehicles on the downstream road in the roads in each direction at each 

moment within the first preset time period, that a congested traffic wave exists in the 

traffic wave of the road to be monitored at the suspected congestion moment, to 

determine the target domain value as the suspected congestion number. 

[ 0070] In the above-mentioned solution, the second determination module may be 

further configured to: 

[ 0071] acquire the second number of vehicles on the roads in each direction after a 

preset interval time from each moment within the second preset time period; 

[ 0072] acquire the third number of vehicles on the roads in each direction before a 

preset interval time from each moment within the second preset time period; and 

[ 0073] for the roads in each direction, determine a moment at which the first number 

is less than the second number and the first number is greater than the third number as the 

suspected congestion moment, and determine the number of vehicles at the suspected 

congestion moment as the suspected congestion number. 

[ 0074] In the above-mentioned solution, the third determination module may be 

further configured to: 

[ 0075] calculate operation time of the roads in each direction based on the number of 

vehicles on the upstream road and the number of vehicles on the downstream road in the 

roads in each direction at each moment within the first preset time period, where the 

operation time is the time when the vehicles travel from the upstream road to the 

downstream road; 
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[ 0076] calculate a first growth rate for the upstream road in the roads in each direction 

of the road to be monitored at the suspected congestion moment, and a second growth 

rate for the downstream road in the roads in each direction after the operation time from 

the suspected congestion moment; 

[ 0077] for the roads in each direction, calculate a to-be-determined numerical value 

based on the first growth rate and the second growth rate; and 

[ 0078] for the roads in each direction, in a case where the to-be-determined numerical 

value is greater than a preset threshold value, determine that a congested traffic wave 

exists in the traffic wave of the road to be monitored at the suspected congestion 

moment, and determine the target threshold value as the suspected congestion number. 

[ 0079] In the above-mentioned solution, the third determination module may be 

further configured to: 

[ 0080] acquire the number of vehicles on the roads in each direction at the suspected 

congestion moment, and the number of vehicles at a moment after the operation time 

from the suspected congestion moment; 

[ 0081] calculate the first average number of vehicles on the upstream road in the roads 

in each direction and the second average number of vehicles on the downstream road 

within a third preset time period; 

[ 0082] calculate the first growth rate based on the number of vehicles on the upstream 

road in the roads in each direction at the suspected congestion moment and the first 

average number of vehicles on the roads in each direction; and 

[ 0083] calculate the second growth rate based on the number of vehicles on the 

downstream road in the roads in each direction at the moment after the operation time 

from the suspected congestion moment and the second average number of vehicles on the 

roads in each direction. 

[ 0084] In the above-mentioned solution, the third determination module may be 

further configured to: 
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[ 0085] calculate a first difference between growth rates of the upstream road and the 

downstream road in the roads in each direction based on the first growth rate and the 

second growth rate of the roads in each direction; 

[ 0086] calculate a second difference between the number of vehicles on the roads in 

each direction at the suspected congestion moment and the number of vehicles on the 

roads in each direction at the previous moment of the suspected congestion moment; and 

[ 0087] for the roads in each direction, calculate the to-be-determined numerical value 

based on the first difference and the second difference. 

[ 0088] In the above-mentioned solution, the second determination unit may be further 

configured to: 

[ 0089] acquire a duration during which the number of vehicles on the road to be 

monitored is greater than the target domain value; and 

[ 0090] determine that congestion occurs on the road to be monitored in a case where 

the number of vehicles on the road to be monitored is greater than the target domain 

value and the duration is greater than a preset time threshold value. 

[ 0091] The embodiments of this application provide a device for determining road 

operation condition. The device includes at least a memory, a communication bus, and a 

processor. 

[ 0092] The memory is configured to store a program for determining road operation 

condition. 

[ 0093] The communication bus is configured to implement connection 

communication between the processor and the memory. 

[ 0094] The processor is configured to execute the program for determining road 

operation condition stored in the memory, so as to implement the steps of the method for 

determining road operation condition as described above. 



 
 

13 
 

[ 0095] The embodiments of this application provide a storage medium, having a 

computer program stored thereon, where the computer program, when executed by a 

processor, implements the steps of the method for determining road operation condition 

as described above. 

[ 0096] The embodiments of this application provide a computer program, including a 

computer-readable code, where when the computer-readable code runs in a device for 

determining road operation condition, a processor in the device for determining road 

operation condition executes the computer program to implement the steps of the method 

for determining road operation condition as described above. 

[ 0097] According to the method and apparatus for determining road operation, the 

device, and the storage medium provided by the embodiments of this application, an 

image of a road to be monitored and the number of vehicles on the road to be monitored 

are acquired, where the image is obtained by photographing the road to be monitored; the 

road to be monitored is divided into an upstream road and a downstream road based on 

the image of the road to be monitored and the number of vehicles on the road to be 

monitored; the number of vehicles on the upstream road and the number of vehicles on 

the downstream road in the road to be monitored are acquired, and a target domain value 

is determined based on the number of vehicles on the road to be monitored, the number 

of vehicles on the upstream road, the number of vehicles on the downstream road, and a 

traffic wave of the road to be monitored; and in a case where the number of vehicles on 

the road to be monitored is greater than the target domain value, it is determined that 

congestion occurs on the road to be monitored. In this way, whether congestion occurs on 

the road to be monitored can be determined directly based on the number of vehicles on 

the road and the target threshold value that is determined according to the image of the 

road to be monitored, without manually setting a monitoring area or determining the 

speeds of the vehicles. The solutions for determining road congestion in related 

technologies have the problem of inaccurate determination of road congestion. This 

application improves the accuracy of determining road congestion. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0098] FIG. 1 is a schematic structural diagram of a system according to an 

embodiment of this application. 

[ 0099] FIG. 2 is a schematic flowchart of a method for determining road operation 

condition according to an embodiment of this application. 

[ 00100] FIG. 3 is another schematic flowchart of a method for determining road 

operation condition according to an embodiment of this application. 

[ 00101] FIG. 4 is a schematic diagram of a division model for dividng a road to be 

monitored into roads in different directions in a method for determining road operation 

condition according to an embodiment of this application. 

[ 00102] FIG. 5 is a schematic diagram of two adjacent cells according to an 

embodiment of this application. 

[ 00103] FIG. 6a to FIG. 6d are schematic diagrams of dividing a road to be monitored 

in a method for determining road operation condition according to an embodiment of this 

application. 

[ 00104] FIG. 7a to FIG. 7d are schematic diagrams of congestion formation on a road 

to be monitored in a method for determining road operation condition according to an 

embodiment of this application. 

[ 00105] FIG. 8 is still another schematic flowchart of a method for determining road 

operation condition according to an embodiment of this application. 

[ 00106] FIG. 9 is a schematic diagram of congestion of a road to be monitored 

propagating upstream in a method for determining road operation condition according to 

an embodiment of this application. 

[ 00107] FIG. 10a to FIG. 10d are schematic diagrams of a road to be monitored before 

and after rotation of a camera according to an embodiment of this application. 
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[ 00108] FIG. 11 is yet another schematic flowchart of a method for determining road 

operation condition according to an embodiment of this application. 

[ 00109] FIG. 12 is a schematic structural diagram of an apparatus for determining road 

operation condition according to an embodiment of this application. 

[ 00110] FIG. 13 is a schematic structural diagram of a device for determining road 

operation condition according to an embodiment of this application. 

 

DETAILED DESCRIPTION 

[ 00111] To make the objectives, technical solutions, and advantages of this application 

clearer, the following describes this application in further detail with reference to the 

accompanying drawings. The described embodiments should not be considered as a 

limitation to this application. All other embodiments obtained by a person of ordinary 

skill in the art without creative efforts shall fall within the protection scope of this 

application. 

[ 00112] In the following description, the term "some embodiments" describes subsets 

of all possible embodiments, but it may be understood that "some embodiments" may be 

the same subset or different subsets of all the possible embodiments, and can be 

combined with each other without conflict. 

[ 00113] FIG. 1 is a schematic diagram of a system according to an embodiment of this 

application. Referring to FIG. 1, the system includes: an image acquisition terminal 11, a 

vehicle information acquisition terminal 12, a network 13, and an information 

determination terminal 14. In order to support an exemplary application, the image 

acquisition terminal 11, the vehicle information acquisition terminal 12, and the 

information determination terminal 14 establish a communication connection through the 

network 13. The image acquisition terminal 11 monitors a road to be monitored, and 

acquires an image of the road to be monitored in real time, and then reports the acquired 

image of the road to be monitored to the vehicle information acquisition terminal 12 and 

the information determination terminal 14 through the network 13. In response to 
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receiving the image of the road to be monitored, the vehicle information acquisition 

terminal 12 analyzes the image of the road to be monitored to obtain the number of 

vehicles on the road to be monitored, and then reports the number of vehicles on the road 

to be monitored to the information determination terminal 14 through the network 13. 

The information determination terminal 14 divides the road to be monitored into an 

upstream road and a downstream road based on the image of the road to be monitored 

and the number of vehicles on the road to be monitored, then acquires the number of 

vehicles on the upstream road and the number of vehicles on the downstream road, and 

determines a target domain value based on the number of vehicles on the road to be 

monitored, the number of vehicles on the upstream road, the number of vehicles on the 

downstream road, and a traffic wave of the road to be monitored. Finally, in a case where 

the number of vehicles on the road to be monitored is greater than the target domain 

value, the information determination terminal 14 determines that congestion occurs on 

the road to be monitored. 

[ 00114] As an example, the image acquisition terminal 11 may include an image 

acquisition device. The vehicle information acquisition terminal 12 may include a server 

or a device with the capability to process image data. The network 13 may adopt a wired 

connection or wireless connection mode. The information determination terminal 14 may 

include a visual processing device or a remote server with visual information processing 

capability. When the information determination terminal 14 is a visual processing device, 

the image acquisition terminal 11 may be in communication connection with the visual 

processing device through wired connection, for example, performing data 

communication through a bus. When the information determination terminal 14 is a 

remote server, the image acquisition terminal 11 may perform data interaction with the 

remote server through a wireless network. Certainly, the vehicle information acquisition 

terminal 12 may also perform data interaction with the image acquisition terminal 11 

through the wireless network or a wired network. 

[ 00115] Alternatively, in some scenes, the image acquisition terminal 11 may be a 

processing device with an image acquisition module, and is specifically implemented as a 

host with camera(s). In this case, the method for determining road operation condition in 

the embodiments of this disclosure can be executed by the image acquisition terminal 11, 
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and the above system may not include the vehicle information acquisition terminal 12, 

the network 13, and the information determination terminal 14. 

[ 00116] The embodiments of this application provide a method for determining road 

operation condition. The method can be applied to a device for determining road 

operation condition. Referring to FIG. 2, the method includes the following operations. 

[ 00117] At operation 201, an image of a road to be monitored is acquired. The image is 

obtained by photographing the road to be monitored. 

[ 00118] In some embodiments of this application, the image of the road to be 

monitored may be obtained by capturing exemplary pictures of the road to be monitored. 

In some embodiments of this application, a video of the road to be monitored is captured 

in real time, and a plurality of image frames are acquired from the video of the road to be 

monitored to obtain the image of the road to be monitored. 

[ 00119] At operation 202, the number of vehicles on the road to be monitored is 

acquired, and the road to be monitored is divided into an upstream road and a 

downstream road based on the image of the road to be monitored and the number of 

vehicles on the road to be monitored. 

[ 00120] The image of the road to be monitored is analyzed to determine traveling 

directions of the vehicles on the road to be monitored, and then the road to be monitored 

can be divided into the upstream road and the downstream road according to the traveling 

directions, the image of the road to be monitored, and the number of vehicles on the road 

to be monitored. It is to be noted that the road to be monitored in the same direction may 

be divided into the upstream road and the downstream road, and the number of vehicles 

on the road to be monitored within a period of time may be acquired. 

[ 00121] At operation 203, the number of vehicles on the upstream road and the number 

of vehicles on the downstream road in the road to be monitored are acquired, and a target 

domain value is determined based on the number of vehicles on the road to be monitored, 

the number of vehicles on the upstream road, the number of vehicles on the downstream 

road, and a traffic wave of the road to be monitored. 



 
 

18 
 

[ 00122] Herein, the number of vehicles on the upstream road in the road to be 

monitored within the period of time and the number of vehicles on the downstream road 

in the road to be monitored within the period of time may be acquired. The traffic wave 

of the road to be monitored may be a traffic waves of the road to be monitored at a 

suspected congestion moment. After the corresponding number of vehicles are acquired, 

the suspected congestion moment and a suspected congestion number may be determined 

first according to the number of vehicles on the road to be monitored, and then according 

to the number of vehicles on the upstream road in the road to be monitored, the number 

of vehicles on the downstream road in the road to be monitored, and the suspected 

congestion moment, when it is determined that a congested traffic wave exists in the 

traffic wave of the road to be monitored at the suspected congestion moment, a target 

threshold value is set as the suspected congestion number. It is to be noted that the 

suspected congestion number is the number of vehicles on the road to be monitored at the 

suspected congestion moment. 

[ 00123] At operation 204, in a case where the number of vehicles on the road to be 

monitored is greater than the target domain value, it is determined that congestion occurs 

on the road to be monitored. 

[ 00124] When the number of vehicles on the road to be monitored is greater than the 

target threshold value, it may be considered that the number of vehicles on the road to be 

monitored at this moment is relatively large, and congestion occurs on the road to be 

monitored at this moment. In some embodiments of this application, in order to avoid 

temporary congestion caused by a certain emergency, such as a sudden U-turn of a 

vehicle, when a duration during which the number of vehicles on the road to be 

monitored is greater than the target threshold value exceeds a preset time threshold value, 

it can be determined that congestion occurs on the road to be monitored. In this case, 

information of the congested road can be reported to a traffic management department. 

[ 00125] According to the method for determining road operation condition provided by 

the embodiments of this application, an image of a road to be monitored and the number 

of vehicles on the road to be monitored are acquired, where the image is obtained by 

photographing the road to be monitored; the road to be monitored is divided into an 
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upstream road and a downstream road based on the image of the road to be monitored 

and the number of vehicles on the road to be monitored; the number of vehicles on the 

upstream road and the number of vehicles on the downstream road in the road to be 

monitored are acquired, and a target domain value is determined based on the number of 

vehicles on the road to be monitored, the number of vehicles on the upstream road, the 

number of vehicles on the downstream road, and a traffic wave of the road to be 

monitored; and in a case where the number of vehicles on the road to be monitored is 

greater than the target domain value, it is determined that congestion occurs on the road 

to be monitored. In this way, whether congestion occurs on the road to be monitored can 

be determined directly based on the target threshold value determined according to the 

image of the road to be monitored and the number of vehicles on the road, without 

manually setting a monitoring area or determining the speeds of the vehicles. The 

solutions for determining road congestion in related technologies have the problem of 

inaccurate determination of road congestion. This application improves the accuracy of 

determining road congestion. 

[ 00126] Based on the foregoing embodiments, the embodiments of this application 

provide a method for determining road operation condition. Referring to FIG 3, the 

method includes the following operations. 

[ 00127] At operation 301, a device for determining road operation condition acquires 

an image of a road to be monitored. The image of the road to be monitored is obtained by 

photographing the road to be monitored. 

[ 00128] It is to be noted that the image of the road to be monitored may be obtained by 

acquiring images, at intervals of a certain number of frames, from a video of the road to 

be monitored that is obtained by real-time photographing. In some embodiments of this 

application, the road to be monitored may be a section of road required to be monitored 

regardless of traveling directions of vehicles, that is, the road to be monitored includes 

roads having different traveling directions. Alternatively, the road to be monitored may 

also be a section of road to be monitored that is separated according to the traveling 

directions of the vehicles, that is, the road to be monitored includes roads having a fixed 

traveling direction. If the road to be monitored only includes roads having a fixed 
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traveling direction, there is no need to perform the step of dividing the road to be 

monitored into roads in different directions during actual implementation. 

[ 00129] At operation 302, the device for determining road operation condition analyzes 

the image of the road to be monitored, and divides the road to be monitored into roads in 

different directions by using a neural network algorithm. 

[ 00130] Dividing the road to be monitored into the roads in different directions may be 

realized by analyzing the image by using a neural network algorithm. In some 

embodiments of this application, a division model shown in FIG. 4 may be employed to 

analyze the image using a residual neural network (ResNet) algorithm in the neural 

network algorithm and a Deeplab v3 neural network algorithm, so as to determine the 

roads in different directions in the road to be monitored. It is to be noted that the roads in 

different directions in the road to be monitored are divided according to the traveling 

directions of the vehicles. In some embodiments of this application, the road to be 

monitored may be divided into roads in two directions, i.e., roads in a first direction and 

roads in a second direction. 

[ 00131] At operation 303, the device for determining road operation condition 

respectively acquires the number of vehicles on roads in each direction of the road to be 

monitored. 

[ 00132] At operation 304, the device for determining road operation condition 

respectively divides the roads in each direction of the road to be monitored into an 

upstream road and a downstream road based on the image of the road to be monitored 

and the number of vehicles on the roads in each direction. 

[ 00133] In practical applications, along the traveling directions of the vehicles, the 

roads in each direction of the road to be monitored may be divided into two roads, i.e., 

the upstream road and the downstream road, according to the number of vehicles on the 

road to be monitored. If the road to be monitored only includes roads in one direction, the 

road to be monitored may be directly divided into the upstream road and the downstream 

road along the traveling directions of the vehicles, and there is no need to divide the 

roads in each direction separately. 
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[ 00134] It is to be noted that, the operation 304 that the device for determining road 

operation condition respectively divides the roads in each direction of the road to be 

monitored into an upstream road and a downstream road based on the image of the road 

to be monitored and the number of vehicles on the roads in each direction may be 

implemented in the following manner. 

[ 00135] At operation 304a, the device for determining road operation condition 

respectively discretizes the roads in each direction into J parts. J is a positive integer 

greater than 1, and the distances of road sections corresponding to each of the parts are 

equal to each other. 

[ 00136] In practical applications, the road to be monitored may be spatially discretized 

into J cells with the equal distance by using a Cell Transmission Model (CTM), and time 

can be evenly divided into T time periods equal to the number of the cells. At a certain 

moment, the traffic state inside any one cell is considered to be homogeneous, the traffic 

state between adjacent cells can be used to simulate traffic shock waves, queue formation 

and queue dissipation. FIG. 5 is a schematic diagram of two adjacent cells, where t
ix  

represents the number of vehicles on a road section of a road corresponding to celli, and 

t
ix 1  represents the number of vehicles on a road section of a road corresponding to 

celli+1. It is to be noted that according to multiple cells, it is possible to only confirm 

boundary lines of traffic-flow waves of the roads in each direction in a photographing 

scene corresponding to a dome camera or a gun camera, and divide the roads in each 

direction into the upstream road and the downstream road. Moreover, it may be 

understood that each cell may be considered to be a traffic-flow wave. 

[ 00137] At operation 304b, the device for determining road operation condition 

analyzes the image of the road to be monitored and the number of vehicles on the roads 

in each direction, and respectively determines the number of vehicles on each of the J 

parts of the roads in each direction within a first preset time period. 

[ 00138] In the embodiments of this application, the determination of the number of 

vehicles includes two parts: self-correction model training and deep convolutional 

network prediction. The self-correction model training is divided into two stages. At the 
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first stage, a fixed Gaussian density map label is used to supervise training of a depth 

counting network. The training process includes: inputting an image, obtaining a density 

map through feedforward network, calculating the Euclidean distance between the 

density map and the label as a loss function, and updating parameters of the network by 

back-gradient propagation. At the second stage, the density map label is corrected in 

combination with prediction of the model, and the loss function corresponding to the 

model is adopted. For the deep convolutional network prediction, after the image is 

inputted, a density map reflecting positions of the vehicle is output, and the sum of all 

pixel values in the density map is taken as the number of vehicles included in the images. 

The first preset time period may be a preset time period. In some embodiments of this 

application, the value of the first preset time period may be in a range from 120 to 300 

seconds. 

[ 00139] At operation 304c, the device for determining road operation condition 

performs calculation processing on the number of vehicles on each part of the roads in 

each direction within the first preset time period, and divides the roads in each direction 

into the upstream road and the downstream road based on a calculation result. 

[ 00140] The device for determining road operation condition may determine a cut point 

according to the number of vehicles on each part of the roads in each direction within the 

first preset time period, and then divides the roads in each direction of the road to be 

monitored into the upstream road and the downstream road according to the cut point. 

[ 00141] In some embodiments of this application, FIG. 6a to FIG. 6d exemplarily 

illustrate areas, in the road to be monitored, corresponding to the upstream road and the 

downstream road in the roads in each direction of the road to be monitored. 

[ 00142] At operation 305, the device for determining road operation condition acquires 

the first number of vehicles on the roads in each direction of the road to be monitored at 

each moment within a second preset time period 

[ 00143] At operation 306, the device for determining road operation condition 

determines a suspected congestion moment and a suspected congestion number for the 

roads in each direction by calculation based on the first number of vehicles on the roads 
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in each direction of the road to be monitored at each moment within the second preset 

time period. 

[ 00144] In the embodiments of this application, the second number of vehicles on the 

roads in each direction after a preset interval time from each moment within the second 

preset time period may be acquired, and the third number of vehicles on the roads in each 

direction before a preset interval time from each moment within the second preset time 

period may be acquired. Subsequently, the first number is compared with the second 

number and the third number to determine the suspected congestion moment and the 

suspected congestion number. 

[ 00145] The operation 306 that the device for determining road operation condition 

determines a suspected congestion moment and a suspected congestion number for the 

roads in each direction by calculation based on the first number of vehicles on the roads 

in each direction of the road to be monitored at each moment within the second preset 

time period can be implemented in the following manner. 

[ 00146] At operation 306a, the device for determining road operation condition 

acquires the second number of vehicles on the roads in each direction after a preset 

interval time from each moment within the second preset time period. 

[ 00147] At operation 306b, the device for determining road operation condition 

acquires the third number of vehicles on the roads in each direction before the preset 

interval time from each moment within the second preset time period. 

[ 00148] At operation 306c, for the roads in each direction, the device for determining 

road operation condition determines a moment at which the first number is less than the 

second number and the first number is greater than the third number as the suspected 

congestion moment, and determines the number of vehicles at the suspected congestion 

moment as the suspected congestion number. 

[ 00149] The suspected congestion moment may be determined by comparing the first 

number with the second number and the third number. In a feasible implementation for 

the roads to be monitored, the suspected congestion moment may be determined using 

the following mathematical expressions (1) and (2). If the first number for the roads in 
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each direction of the road to be monitored at a certain moment within the second preset 

time period is greater than the third number, the moment at which the first number is less 

than the second number is the suspected congestion moment. 

[ 00150] 0
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[ 00152] where tt
ix

  represents the number of vehicles on a road section of a road 

corresponding to cell tt
ix

  at moment t-∆t, and tt
ix

  represents the number of vehicles 

on a road section of a road corresponding to celli at moment t+∆t. It is to be noted that the 

first number, the second number, and the third number refer to calculation of the sum of 

the number of vehicles on the upstream road and the number of vehicles on the 

downstream road in the road to be monitored. 

[ 00153] It is to be noted that the second preset time period may be a value set after 

smoothing processing, and may be smoothed using historical numerical values of the 

vehicles on the road to be monitored at the past T moments. Differences between the 

numbers of vehicles at two moments before and after occurrence of congestion on the 

road are compared. If the value of T is too large, the process of sudden increase in the 

number of vehicles when congestion occurs is weakened. If the value of T is too small, 

the actual number of vehicles on the road fluctuates too much, making it difficult to 

analyze the actual trend of traffic-flow change. In some embodiments of this application, 

the value of the second preset time period may be in a range from 120 to 300 seconds, 

and the value of ∆t may be from 2 to 5 minutes. 

[ 00154] As shown in FIG. 7a, when congestion occurs on a road, the traffic-flow 

density increases, and the number of vehicles on the road before the congestion 

apparently increases due to the queue formed by the congestion. As shown in FIG. 7b, 

correspondingly, the number of vehicles also increases sharply over time when 

congestion occurs. 



 
 

25 
 

[ 00155] At operation 307, the device for determining road operation condition acquires 

the number of vehicles on the upstream road and the number of vehicles on the 

downstream road in the roads in each direction at each moment within the first preset 

time period. 

[ 00156] At operation 308, for the roads in each direction, when determining, based on 

the number of vehicles on the upstream road and the number of vehicles on the 

downstream road in the roads in each direction at each moment within the first preset 

time period, that a congested traffic wave exists in the traffic wave of the road to be 

monitored at the suspected congestion moment, the device for determining road 

operation condition determines that the target domain value is the suspected congestion 

number. 

[ 00157] The device for determining road operation condition may calculate the time 

during which the vehicles travel from the upstream road to the downstream road, and 

calculate a first growth rate of the upstream road in the roads in each direction of the road 

to be monitored at the suspected congestion moment, and a second growth rate of the 

downstream road in the roads in each direction after the operation time from the 

suspected congestion moment. A numerical value to be determined is obtained by 

calculation based on the first growth rate and the second growth rate, and a target 

threshold value is determined according to the relationship between the numerical value 

to be determined and the preset threshold value. 

[ 00158] It is to be noted that the operation 308, i.e., for the roads in each direction, 

when determining, based on the number of vehicles on the upstream road and the number 

of vehicles on the downstream road in the roads in each direction at each moment within 

the first preset time period, that a congested traffic wave exists in the traffic wave of the 

road to be monitored at the suspected congestion moment, determining the target domain 

value as the suspected congestion number, may be implemented in the following manner. 

[ 00159] At operation 308a, the device for determining road operation condition 

calculates operation time of the roads in each direction based on the number of vehicles 

on the upstream road and the number of vehicles on the downstream road in the roads in 
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each direction at each moment within the first preset time period. The operation time is 

the time when the vehicles travel from the upstream road to the downstream road. 

[ 00160] It is to be noted that the operation time may be calculated by using formula 
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of vehicles on the downstream road at moment t+∆t, and ∆t is an unknown number. In 
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[ 00161] At operation 308b, the device for determining road operation condition 

calculates a first growth rate for the upstream road in the roads in each direction of the 

road to be monitored at the suspected congestion moment, and a second growth rate for 

the downstream road in the roads in each direction after the operation time from the 

suspected congestion moment. 

[ 00162] The first growth rate may be obtained by calculation based on the number of 

vehicles on the upstream road in the roads in each direction of the road to be monitored at 

the suspected congestion moment and the average number of vehicles on the upstream 

road over a period of time. In some embodiments of this application, the second growth 

rate may be obtained by calculation based on the number of vehicles on the downstream 

road in the roads in each direction of the road to be monitored at the suspected 

congestion moment and the average number of vehicles on the downstream road. 

[ 00163] At operation 308c, for the roads in each direction, the device for determining 

road operation condition calculates a to-be-determined numerical value based on the first 

growth rate and the second growth rate 

[ 00164] A first difference between the first growth rate and the second growth rate may 

be calculated, and a second difference between the number of vehicles on the roads in 

each direction at the suspected congestion moment and the number of vehicles on the 
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roads in each direction at the previous moment of the suspected congestion moment may 

be calculated. Subsequently, the to-be determined numerical value is calculated based on 

the first difference and the second difference. 

[ 00165] At operation 308d, for the roads in each direction, in a case that the value of 

the numerical value to be determined is greater than a preset threshold value, the device 

for determining road operation condition determines that a congested traffic wave exists 

in the traffic wave of the road to be monitored at the suspected congestion moment, and 

determines the target threshold value as the suspected congestion number. 

[ 00166] At operation 309, the device for determining road operation condition acquires 

a duration during which the number of vehicles on the road to be monitored is greater 

than the target domain value. 

[ 00167] At operation 310, the device for determining road operation condition 

determines that congestion occurs on the road to be monitored, in a case where the 

number of vehicles on the road to be monitored is greater than the target domain value 

and the duration is greater than a preset time threshold value. 

[ 00168] It is to be noted that the methods for acquiring the number of vehicles on the 

road to be monitored in this embodiment may all use the method for obtaining the 

number of vehicles shown in the operation 304b. For descriptions of operations and 

contents in this embodiment identical to those in other embodiments, reference may be 

made to the descriptions in other embodiments. 

[ 00169] According to the method for determining road operation condition provided by 

the embodiments of this application, an image of a road to be monitored and the number 

of vehicles on the road to be monitored are acquired, where the image is obtained by 

photographing the road to be monitored; the road to be monitored is divided into an 

upstream road and a downstream road based on the image of the road to be monitored 

and the number of vehicles on the road to be monitored; the number of vehicles on the 

upstream road and the number of vehicles on the downstream road in the road to be 

monitored are acquired, and a target domain value is determined based on the number of 

vehicles on the road to be monitored, the number of vehicles on the upstream road, the 
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number of vehicles on the downstream road, and a traffic wave of the road to be 

monitored; and in a case where the number of vehicles on the road to be monitored is 

greater than the target domain value, it is determined that congestion occurs on the road 

to be monitored. In this way, whether congestion occurs on the roads to be monitored can 

be determined directly based on the target threshold value determined according to the 

images of the roads to be monitored and the number of vehicles on the road, without 

manually setting a monitoring area or determining the speed of the vehicles. The 

solutions for determining road congestion in related technologies have the problem of 

inaccurate determination of road congestion, while this application improves the 

accuracy of determining road congestion. 

[ 00170] Based on the foregoing embodiments, the embodiments of this application 

provide a method for determining road operation condition. Referring to FIG 8, the 

method includes the following operations. 

[ 00171] At operation 401, a device for determining road operation condition acquires 

an image of a road to be monitored. The image is obtained by photographing the road to 

be monitored. 

[ 00172] At operation 402, the device for determining road operation condition analyzes 

the image of the road to be monitored, and divides the road to be monitored into roads in 

different directions by using a neural network algorithm. 

[ 00173] At operation 403, the device for determining road operation condition 

respectively acquires the number of vehicles on roads in each direction of the road to be 

monitored. 

[ 00174] At operation 404, the device for determining road operation condition 

respectively discretizes the roads in each direction into J parts, where J is a positive 

integer greater than 1. 

[ 00175] At operation 405, the device for determining road operation condition analyzes 

the image of the road to be monitored and the number of vehicles on the roads in each 

direction, and respectively determines the number of vehicles on each of the J parts of the 

roads in each direction within a first preset time period. 
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[ 00176] At operation 406, the device for determining road operation condition 

determines a cut point k by calculation based on the number of vehicles on each part of 

the roads in each direction within the first preset time period. 

[ 00177] It is to be noted that the formula   
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jx  represents the number of vehicles on each part of the roads in each 

direction at moment t, and k is an unknown number. In some embodiments of this 

application, the value of k may be the value of k corresponding to the minimum value of 
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[ 00178] At operation 407, the device for determining road operation condition 

determines, according to traveling directions of the vehicles, at least one road 

corresponding to the first k parts of the roads in each direction as the upstream road, and 

determines at least one road corresponding to those other than the first k parts of the 

roads in each direction as the downstream road. 

[ 00179] In some embodiments of this application, for the roads in each direction, along 

the traveling directions of the vehicles, the road(s) corresponding to the first k parts may 

be determined as the upstream road, and the road(s) corresponding to those other than the 

first k parts may be determined as the downstream road, respectively. 

[ 00180] At operation 408, the device for determining road operation condition acquires 

the first number of vehicles on the roads in each direction of the road to be monitored at 

each moment within a second preset time period. 

[ 00181] At operation 409, the device for determining road operation condition acquires 

the second number of vehicles on the roads in each direction after a preset interval time 

from each moment within the second preset time period. 

[ 00182] At operation 410, the device for determining road operation condition acquires 

the third number of vehicles on the roads in each direction before the preset interval time 

from each moment within the second preset time period. 
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[ 00183] At operation 411, for the roads in each direction, the device for determining 

road operation condition determines a moment at which the first number is less than the 

second number and the first number is greater than the third number as the suspected 

congestion moment, and determines the number of vehicles at the suspected congestion 

moment as the suspected congestion number. 

[ 00184] At operation 412, the device for determining road operation condition acquires 

the number of vehicles on the upstream road and the number of vehicles on the 

downstream road in the roads in each direction at each moment within the first preset 

time period. 

[ 00185] At operation 413, the device for determining road operation condition 

calculates operation time of the roads in each direction based on the number of vehicles 

on the upstream road and the number of vehicles on the downstream road in the roads in 

each direction at each moment within the first preset time period. The operation time is 

the time when the vehicles travel from the upstream road to the downstream road. 

[ 00186] At operation 414, the device for determining road operation condition 

calculates a first growth rate for the upstream road in the roads in each direction of the 

road to be monitored at the suspected congestion moment, and a second growth rate for 

the downstream road in the roads in each direction after the operation time from the 

suspected congestion moment. 

[ 00187] The operation 414 that the device for determining road operation condition 

calculates a first growth rate for the upstream road in the roads in each direction of the 

road to be monitored at the suspected congestion moment, and a second growth rate for 

the downstream road in the roads in each direction after the operation time from the 

suspected congestion moment can be implemented in the following manner including 

operations 414a, 414b, 414c, 414d. 

[ 00188] At operation 414a, the device for determining road operation condition 

acquires the number of vehicles on the upstream road in the roads in each direction at the 

suspected congestion moment, and the number of vehicles on the downstream road in the 
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roads in each direction at a moment after the operation time from the suspected 

congestion moment. 

[ 00189] At operation 414b, the device for determining road operation condition 

calculates the first average number of vehicles on the upstream road in the roads in each 

direction and the second average number of vehicles on the downstream road within a 

third preset time period. 

[ 00190] At operation 414b, the device for determining road operation condition 

calculates the first growth rate based on the number of vehicles on the upstream road in 

the roads in each direction at the suspected congestion moment and the first average 

number of vehicles on the roads in each direction. 

[ 00191] At operation 414b, the device for determining road operation condition 

calculates the second growth rate based on the number of vehicles on the downstream 

road in the roads in each direction at the moment after the operation time from the 

suspected congestion moment and the second average number of vehicles on the roads in 

each direction. 

[ 00192] In some embodiments of this application, the first growth rate and the second 

growth rate may be calculated by using formula 
i

i
t
it

i
x

xx
grow


 -x , where xi∈

[xup, xdown]; t
ix  represents the number of vehicles on the upstream road in the roads in 

each direction at the suspected congestion moment, or the number of vehicles on the 

downstream road in the roads in each direction at the suspected congestion moment, and 

ix  represents a first average number of vehicles or a second average number of vehicles; 

t
igrow-x  represents a growth rate of the upstream road or the downstream road. It is to 

be noted that when calculating the second growth rate, t is replaced with t+∆t. 

[ 00193] In the embodiments of this application, the value of each moment is 5 to 10 

seconds. 
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[ 00194] At operation 415, the device for determining road operation condition 

calculates, for the roads in each direction, a to-be-determined numerical value based on 

the first growth rate and the second growth rate. 

[ 00195] The operation 415 that the device for determining road operation condition 

calculates, for the roads in each direction, a to-be-determined numerical value based on 

the first growth rate and the second growth rate can be implemented in the following 

manner including operations 415a, 415b, 415c. 

[ 00196] At operation 415a, the device for determining road operation condition 

calculates a first difference between the growth rates of the upstream road and the 

downstream road in the roads in each direction based on the first growth rate and the 

second growth rate of the roads in each direction. 

[ 00197] It is to be noted that, the first difference may be calculated using the formula 

t
up

t
down growxgrowx __space_ratet   , where tspace_rate  represents the first 

difference,  t
downgrowx _  represents the second growth rate, and t

upgrowx _  

represents the first growth rate. 

[ 00198] At operation 415a, the device for determining road operation condition 

calculates a second difference between the number of vehicles on the roads in each 

direction at the suspected congestion moment and the number of vehicles on the roads in 

each direction at the previous moment of the suspected congestion moment. 

[ 00199] It is to be noted that, the second difference may be calculated using the formula 
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ratetime  represents the second difference, and 

1t
ix  represents the number of vehicles at moment t-1. 

[ 00200] At operation 415c, the device for determining road operation condition 

calculates, for the roads in each direction, the to-be-determined numerical value based on 

the first difference and the second difference. 
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[ 00201] When calculating the to-be-determined numerical value based on the first 

difference and the second difference, an identification function may be first generated 

based on the first difference and the second difference, and then the value of the 

identification function is calculated to obtain the to-be-determined numerical value. In 

some embodiments of this application, if the second difference is greater than zero, the 

identification function may be the product of the first difference and the square of the 

second difference. If the second difference is less than or equal to zero, the identification 

function may be the first difference. In some embodiments of this application, the 

identification function may be represented with f(t); 
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tf , where if t
ratetime >0, f(t)=

t2 space_rate)(  t
ratetime ; and if t

ratetime ≤0, f(t)= tspace_rate . 

[ 00202] At operation 416, for the roads in each direction, in a case where the value of 

the to-be-determined numerical value is greater than a preset threshold value, the device 

for determining road operation condition determines that a congested traffic wave exists 

in the traffic wave of the road to be monitored at the suspected congestion moment, and 

determines the target threshold value as the suspected congestion number. 

[ 00203] It is to be noted that, the preset threshold value may be t
ix ; where α is a 

coefficient, and the value of α may be [0, 1]; the preset threshold value may be set 

according to the historical number of vehicles; if f(t)> t
ix , it indicates that there is traffic 

wave propagation. tspace_rate >0 indicates that the growth rate of the downstream is 

greater than the growth rate of the upstream, and the traffic wave tend to propagate 

upstream. t
ratetime >0 indicates that the number of vehicles at the current moment is 

greater than the number of vehicles in the past, and the number of vehicles in the area has 

an increasing trend. The satisfaction of the both indicates that congestion will occur. 

[ 00204] In some embodiments of this application, when congestion occurs on a road, a 

traffic wave will inevitably occur. According to the theory of traffic waves, as shown in 

FIG. 9, the traffic wave (aggregation wave) formed by congestion propagates to the 

upstream road along the tail of the vehicle queue, that is, propagates from the 
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downstream road to the upstream road. Moreover, as shown in FIG. 9, at the beginning of 

the congestion, the number of vehicles on the downstream road increases sharply, and 

after the congestion is formed, the number of vehicles on the upstream road increases 

sharply. That is, the number of vehicles on the downstream road first increases sharply, 

and then the number of vehicles on the upstream road increases sharply. 

[ 00205] In some embodiments of this application, a congestion determination for the 

road to be monitored may be performed once every 30 seconds. 

[ 00206] At operation 417, the device for determining road operation condition acquires 

a duration during which the number of vehicles on the road to be monitored is greater 

than the target domain value. 

[ 00207] In the embodiments of this application, the duration may be 2 to 5 minutes. 

[ 00208] At operation 418, in a case where the number of vehicles on the road to be 

monitored is greater than the target domain value and the duration is greater than a preset 

time threshold value, the device for determining road operation condition determines that 

congestion occurs on the road to be monitored. 

[ 00209] When the operations in the embodiments of this application are executed, 

whether a camera capturing the images of the road to be monitored rotates is determined 

before each congestion determination. If the camera rotates, the method for determining 

road operation condition in this application may be employed to re-determine whether 

congestion occurs on the road to be monitored. The determining whether the camera 

rotates may be implemented by using a twin network to compare whether the picture 

scenes shown in two consecutive frames are the same. FIG. 10a and FIG. 10b show 

images taken before the camera rotates, and FIG. 10c and FIG. 10d show images taken 

before the camera rotates. 

[ 00210] The first preset time period, the second preset time period, and the third preset 

time period may be different. 
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[ 00211] It is to be noted that, for descriptions of operations and contents in this 

embodiment identical to those in other embodiments, reference may be made to the 

descriptions in other embodiments. 

[ 00212] According to the method for determining road operation condition provided by 

the embodiments of this application, whether a road to be monitored is congested can be 

determined directly based on a target threshold value determined according to images of 

the roads to be monitored and the number of vehicles on the road, without manually 

setting a monitoring area or determining the speeds of the vehicles. The solutions for 

determining road congestion in related technologies have the problem of inaccurate 

determination of road congestion, while this application improves the accuracy of 

determining road congestion. 

[ 00213] Based on the foregoing embodiments, as shown in FIG. 11, when determining 

road operation conditions, a video detector may be employed to capture the image of 

road to be monitored; the road to be monitored is divided according to whether a camera 

rotates and traveling directions; the number of vehicles on the road to be monitored is 

counted, up-and-down framing of road sections of the road to be monitored is performed, 

and detection data smoothing and noise reduction are performed; subsequently, it is 

determined whether a self-learning algorithm of a target threshold value is completed, 

and if yes, the target threshold value is directly determined, or if not, the self-learning 

algorithm of the target threshold value is performed, and then the target threshold value is 

determined, thereby determining the traffic state of the road to be monitored. The 

detection data smoothing and noise reduction refers to the limited descriptions of the first 

preset time period, the second preset time period, the third preset time period, the 

moment, the congestion duration, the congestion determination time, and the number of 

frames in an image acquisition interval described in the foregoing embodiments. The 

learning algorithm of the target threshold may include two parts: suspected congestion 

number determination and traffic wave propagation identification. 

[ 00214] Based on the foregoing embodiments, the embodiments of this application 

provide an apparatus for determining road operation condition. The apparatus may be 
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applied in the method for determining road operation condition provided by the 

embodiments corresponding to FIG. 2, FIG. 3, and FIG. 8.  

[ 00215] Referring to FIG. 12, the apparatus 5 may include: 

[ 00216] an acquisition unit 51, configured to acquire an image of a road to be 

monitored, where the image is obtained by photographing the road to be monitored; 

[ 00217] a division unit 52, configured to acquire the number of vehicles on the road to 

be monitored, and divide the road to be monitored into an upstream road and a 

downstream road based on the image of the road to be monitored and the number of 

vehicles on the road to be monitored; 

[ 00218] a first determination unit 53, configured to acquire the number of vehicles on 

the upstream road and the number of vehicles on the downstream road in the road to be 

monitored, and determine a target domain value based on the number of vehicles on the 

road to be monitored, the number of vehicles on the upstream road, the number of 

vehicles on the downstream road, and a traffic wave of the road to be monitored; and 

[ 00219] a second determination unit 54, configured to determine that congestion occurs 

on the road to be monitored in a case where the number of vehicles on the road to be 

monitored is greater than the target domain value. 

[ 00220] In other embodiments of this application, the division unit 52 may include: 

[ 00221] a first determination module, configured to analyze the image of the road to be 

monitored by using a neural network algorithm to divide the road to be monitored into 

roads in different directions; and 

[ 00222] a first acquisition module, configured to respectively acquire the number of 

vehicles on roads in each direction of the road to be monitored. 

[ 00223] Correspondingly, the division unit 52 further includes: a first division module, 

configured to respectively divide the roads in each direction into an upstream road and a 

downstream road based on the image of the road to be monitored and the number of 

vehicles on the roads in each direction. 
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[ 00224] In other embodiments of this application, the first division module is further 

configured to: 

[ 00225] respectively discretize the roads in each direction into J parts, where J is a 

positive integer greater than 1; 

[ 00226] analyze the image of the road to be monitored and the number of vehicles on 

the roads in each direction to respectively determine the number of vehicles on each of 

the J parts of the roads in each direction within a first preset time period; and 

[ 00227] calculate the number of vehicles on each part of the roads in each direction 

within the first preset time period, and divide the roads in each direction into the 

upstream road and the downstream road based on a calculation result. 

[ 00228] In other embodiments of this application, the first division module is further 

configured to: 

[ 00229] determine a cut point k by calculation based on the number of vehicles on each 

part of the roads in each direction within the first preset time period; and 

[ 00230] determine, according to traveling directions of the vehicles, at least one road 

corresponding to the first k parts of the roads in each direction as the upstream road, and 

determined at least one road corresponding to those other than the first k parts of the 

roads in each direction as the downstream road. 

[ 00231] In other embodiments of this application, the division unit 52 may further 

include: a second acquisition module, configured to acquire the first number of vehicles 

on roads in each direction of the road to be monitored at each moment within a second 

preset time period. 

[ 00232] Correspondingly, the first determination unit 53 includes: 

[ 00233] a second determination module, configured to determine a suspected 

congestion moment and a suspected congestion number for the roads in each direction by 

calculation based on the first number of vehicles on the roads in each direction of the 

road to be monitored at each moment within the second preset time period; 
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[ 00234] a second acquisition module, configured to acquire the number of vehicles on 

the upstream road and the number of vehicles on the downstream road in the roads in 

each direction at each moment within a first preset time period; and 

[ 00235] a third determination module, configured to, for the roads in each direction, 

when determining, based on the number of vehicles on the upstream road and the number 

of vehicles on the downstream road in the roads in each direction at each moment within 

the first preset time period, that a congested traffic wave exists in the traffic wave of the 

road to be monitored at the suspected congestion moment, determine the target domain 

value as the suspected congestion number. 

[ 00236] In other embodiments of this application, the second determination module is 

further configured to: 

[ 00237] acquire the second number of vehicles on the roads in each direction after a 

preset interval time from each moment within the second preset time period; 

[ 00238] acquire the third number of vehicles on the roads in each direction before a 

preset interval time from each moment within the second preset time period; and 

[ 00239] for the roads in each direction, determine a moment at which the first number 

is less than the second number and the first number is greater than the third number as the 

suspected congestion moment, and determine the number of vehicles at the suspected 

congestion moment as the suspected congestion number. 

[ 00240] In other embodiments of this application, the third determination module is 

further configured to: 

[ 00241] calculate operation time of the roads in each direction based on the number of 

vehicles on the upstream road and the number of vehicles on the downstream road in the 

roads in each direction at each moment within the first preset time period, where the 

operation time is the time when the vehicles travel from the upstream road to the 

downstream road; 
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[ 00242] calculate a first growth rate for the upstream road in the roads in each direction 

of the road to be monitored at the suspected congestion moment, and a second growth 

rate for the downstream road in the roads in each direction after the operation time from 

the suspected congestion moment; 

[ 00243] for the roads in each direction, calculate a to-be-determined numerical value 

based on the first growth rate and the second growth rate; and 

[ 00244] for the roads in each direction, in a case where the to-be-determined numerical 

value is greater than a preset threshold value, determine that a congested traffic wave 

exists in the traffic wave of the road to be monitored at the suspected congestion 

moment, and determine the target threshold value as the suspected congestion number. 

[ 00245] In other embodiments of this application, the third determination module is 

further configured to: 

[ 00246] acquire the number of vehicles on the roads in each direction at the suspected 

congestion moment, and the number of vehicles at a moment after the operation time 

from the suspected congestion moment; 

[ 00247] calculate the first average number of vehicles on the upstream road in the roads 

in each direction and the second average number of vehicles on the downstream road 

within a third preset time period; 

[ 00248] calculate the first growth rate based on the number of vehicles on the upstream 

road in the roads in each direction at the suspected congestion moment and the first 

average number of vehicles on the roads in each direction; and 

[ 00249] calculate the second growth rate based on the number of vehicles on the 

downstream road in the roads in each direction at the moment after the operation time 

from the suspected congestion moment and the second average number of vehicles on the 

roads in each direction. 

[ 00250] In other embodiments of this application, the third determination module is 

further configured to: 
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[ 00251] calculate a first difference between a growth rate of the upstream road and a 

growth rate of the downstream road in the roads in each direction based on the first 

growth rate and the second growth rate of the roads in each direction; 

[ 00252] calculate a second difference between the number of vehicles on the roads in 

each direction at the suspected congestion moment and the number of vehicles on the 

roads in each direction at the previous moment of the suspected congestion moment; and 

[ 00253] for the roads in each direction, calculate the to-be-determined numerical value 

based on the first difference and the second difference. 

[ 00254] In other embodiments of this application, the second determination unit is 

further configured to: 

[ 00255] acquire a duration during which the number of vehicles on the road to be 

monitored is greater than the target domain value; and 

[ 00256] determine that congestion occurs on the road to be monitored in a case where 

the number of vehicles on the road to be monitored is greater than the target domain 

value and the duration is greater than a preset time threshold value . 

[ 00257] It is to be noted that, for an implementation process of information exchange 

between the various units and modules in the embodiments of the disclosure, reference 

may be made to the description in the method for determining road operation condition 

provided in the embodiments corresponding to FIG. 2, FIG. 3, and FIG. 8. 

[ 00258] According to the apparatus for determining road operation condition provided 

by the embodiments of this application, whether the road to be monitored is congested 

can be determined directly based on a target threshold value determined according to 

images of the road to be monitored and the number of vehicles on the road, without 

manually setting a monitoring area or determining the speeds of the vehicles. The 

solutions for determining road congestion in related technologies have the problem of 

inaccurate judgment of road congestion, while this application improves the accuracy of 

determining road congestion. 
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[ 00259] The embodiments of this application provide a device for determining road 

operation condition. The device may be applied in the method for determining road 

operation condition provided by the embodiments corresponding to FIG. 2, FIG. 3, and 

FIG. 8. Referring to FIG. 13, the device 6 may include at least a memory 61, a 

communication bus 62, and a processor 63. 

[ 00260] The memory 61 is configured to store a road operation condition determination 

program. 

[ 00261] The communication bus 62 is configured to implement connection 

communication between the processor 63 and the memory 61. 

[ 00262] The processor 63 is configured to execute the road operation condition 

determination program stored in the memory 61 to implement the following operations: 

[ 00263] acquiring an image of a road to be monitored, where the image is obtained by 

photographing the road to be monitored; 

[ 00264] acquiring the number of vehicles on the road to be monitored, and dividing the 

road to be monitored into an upstream road and a downstream road based on the image of 

the road to be monitored and the number of vehicles on the road to be monitored; 

[ 00265] acquiring the number of vehicles on the upstream road and the number of 

vehicles on the downstream road in the road to be monitored, and determining a target 

domain value based on the number of vehicles on the road to be monitored, the number 

of vehicles on the upstream road, the number of vehicles on the downstream road, and a 

traffic wave of the road to be monitored; and 

[ 00266] in a case where the number of vehicles on the road to be monitored is greater 

than the target domain value, determining that congestion occurs on the road to be 

monitored. 

[ 00267] In other embodiments of this application, the processor 63 is configured to 

execute the dividing the road to be monitored into an upstream road and a downstream 

road based on the image of the road to be monitored in the road operation condition 
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determination program stored in the memory 61, so as to implement the following 

operations: 

[ 00268] analyzing the image of the road to be monitored by using a neural network 

algorithm to respectively divide roads in each direction into the upstream road and the 

downstream road; 

[ 00269] respectively acquiring the number of vehicles on roads in each direction of the 

road to be monitored; and 

[ 00270] respectively dividing the roads in each direction into the upstream road and the 

downstream road based on the image of the road to be monitored and the number of 

vehicles on the roads in each direction. 

[ 00271] In other embodiments of this application, the processor 63 is configured to 

execute the respectively dividing the roads in each direction into the upstream road and 

the downstream road based on the image of the road to be monitored and the number of 

vehicles on the roads in each direction in the road operation condition determination 

program stored in the memory 61, so as to implement the following operations: 

[ 00272] respectively discretizing the roads in each direction into J parts, where J is a 

positive integer greater than 1; 

[ 00273] analyzing the image of the road to be monitored and the number of vehicles on 

the roads in each direction to respectively determine the number of vehicles on each of 

the J parts of the roads in each direction within a first preset time period; and 

[ 00274] performing calculation processing on the number of vehicles on each part of 

the roads in each direction within the first preset time period, and dividing the roads in 

each direction into the upstream road and the downstream road based on a calculation 

result. 

[ 00275] In other embodiments of this application, the processor 63 is configured to 

execute the calculating the number of vehicles on each part of the roads in each direction 

within the first preset time period, and dividing the roads in each direction into the 
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upstream road and the downstream road based on a calculation result in the road 

operation condition determination program stored in the memory 61, so as to implement 

the following operations: 

[ 00276] determining a cut point k by calculation based on the number of vehicles on 

each part of the roads in each direction within the first preset time period; and 

[ 00277] determining, according to traveling directions of the vehicles, at least one road 

corresponding to the first k parts of the roads in each direction as the upstream road, and 

at least one road corresponding to those other than the first k parts of the roads in each 

direction as the downstream road. 

[ 00278] In other embodiments of this application, the processor 63 is configured to 

execute the acquiring the number of vehicles on the road to be monitored, the number of 

vehicles on the upstream road and the number of vehicles on the downstream road, and 

determining a target domain value based on the number of vehicles on the road to be 

monitored, the number of vehicles on the upstream road, the number of vehicles on the 

downstream road, and a traffic wave of the road to be monitored in the road operation 

condition determination program stored in the memory 61, so as to implement the 

following operations: 

[ 00279] acquiring the first number of vehicles on roads in each direction of the road to 

be monitored at each moment within a second preset time period; and 

[ 00280] determining a suspected congestion moment and a suspected congestion 

number for the roads in each direction by calculation based on the first number of 

vehicles on the roads in each direction of the road to be monitored at each moment within 

the second preset time period; 

[ 00281] acquiring the number of vehicles on the upstream road and the number of 

vehicles on the downstream road in the roads in each direction at each moment within a 

first preset time period; and 

[ 00282] for the roads in each direction, when determining, based on the number of 

vehicles on the upstream road and the number of vehicles on the downstream road in the 
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roads in each direction at each moment within the first preset time period, that a 

congested traffic wave exists in the traffic wave of the road to be monitored at the 

suspected congestion moment, determining the target domain value as the suspected 

congestion number. 

[ 00283] In other embodiments of this application, the processor 63 is configured to 

execute the determining a suspected congestion moment and a suspected congestion 

number for the roads in each direction by calculation based on the first number of 

vehicles on the roads in each direction of the road to be monitored at each moment within 

the second preset time period in the road operation condition determination program 

stored in the memory 61, so as to implement the following operations: 

[ 00284] acquiring the second number of vehicles on the roads in each direction after a 

preset interval time from each moment within the second preset time period; 

[ 00285] acquiring the third number of vehicles on the roads in each direction before a 

preset interval time from each moment within the second preset time period; and 

[ 00286] for the roads in each direction, determining a moment at which the first 

number is less than the second number and the first number is greater than the third 

number as the suspected congestion moment, and determining the number of vehicles at 

the suspected congestion moment as the suspected congestion number. 

[ 00287] In other embodiments of this application, the processor 63 is configured to 

execute the operation of for the roads in each direction, determining a moment at which 

the first number is less than the second number and the first number is greater than the 

third number as the suspected congestion moment, and determining the number of 

vehicles at the suspected congestion moment as the suspected congestion number in the 

road operation condition determination program stored in the memory 61, so as to 

implement the following operations: 

[ 00288] calculating operation time of the roads in each direction based on the number 

of vehicles on the upstream road and the number of vehicles on the downstream road in 

the roads in each direction at each moment within the first preset time period, where the 
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operation time is the time when the vehicles travel from the upstream road to the 

downstream road; 

[ 00289] calculating a first growth rate for the upstream road in the roads in each 

direction of the road to be monitored at the suspected congestion moment, and a second 

growth rate for the downstream road in the roads in each direction after the operation 

time from the suspected congestion moment; 

[ 00290] for the roads in each direction, calculating a to-be-determined numerical value 

based on the first growth rate and the second growth rate; and 

[ 00291] for the roads in each direction, in a case where the to-be-determined numerical 

value is greater than a preset threshold value, determining that a congested traffic wave 

exists in the traffic wave of the road to be monitored at the suspected congestion 

moment, and determining the target threshold value as the suspected congestion number. 

[ 00292] In other embodiments of this application, the processor 63 is configured to 

execute the calculating a first growth rate for the upstream road in the roads in each 

direction of the road to be monitored at the suspected congestion moment, and a second 

growth rate for the downstream road in the roads in each direction after the operation 

time from the suspected congestion moment in the road operation condition 

determination program stored in the memory 61, so as to implement the following to-be-

determined: 

[ 00293] acquiring the number of vehicles on the roads in each direction at the suspected 

congestion moment, and the number of vehicles at a moment after the operation time 

from the suspected congestion moment; 

[ 00294] calculating the first average number of vehicles on the upstream road in the 

roads in each direction and the second average number of vehicles on the downstream 

road within a third preset time period; 

[ 00295] calculating the first growth rate based on the number of vehicles on the 

upstream road in the roads in each direction at the suspected congestion moment and the 

first average number of vehicles on the roads in each direction; and 
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[ 00296] calculating the second growth rate based on the number of vehicles on the 

downstream road in the roads in each direction at the moment after the operation time 

from the suspected congestion moment and the second average number of vehicles on the 

roads in each direction. 

[ 00297] In other embodiments of this application, the processor 63 is configured to 

execute the operation of for the roads in each direction, calculating a to-be-determined 

numerical value based on the first growth rate and the second growth rate in the road 

operation condition determination program stored in the memory 61, so as to implement 

the following operations: 

[ 00298] calculating a first difference between a growth rate of the upstream road and a 

growth rate of the downstream road in the roads in each direction based on the first 

growth rate and the second growth rate of the roads in each direction; 

[ 00299] calculating a second difference between the number of vehicles on the roads in 

each direction at the suspected congestion moment and the number of vehicles on the 

roads in each direction at the previous moment of the suspected congestion moment; and 

[ 00300] for the roads in each direction, calculating the to-be-determined numerical 

value based on the first difference and the second difference. 

[ 00301] In other embodiments of this application, the processor 63 is configured to 

execute the operation of determining that congestion occurs on the road to be monitored 

in a case where the number of vehicles on the road to be monitored is greater than the 

target domain value in the road operation condition determination program stored in the 

memory 61, so as to implement the following operations: 

[ 00302] acquiring a duration during which the number of vehicles on the road to be 

monitored is greater than the target domain value; and 

[ 00303] determining that congestion occurs on the road to be monitored in a case where 

the number of vehicles on the road to be monitored is greater than the target domain 

value and the duration is greater than a preset time threshold value. 
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[ 00304] It is to be noted that, for a specific implementation process of the operations 

executed by the processor in this embodiment, reference may be made to the 

implementation process in the method for determining road operation condition provided 

in the embodiments corresponding to FIG. 2, FIG. 3, and FIG. 8. 

[ 00305] According to the device for determining road operation condition provided by 

the embodiments of this application, whether roads to be monitored is congested can be 

determined directly based on a target threshold value determined according to images of 

the roads to be monitored and the number of vehicles on the road, without manually 

setting a monitoring area or determining the speeds of the vehicles. The solutions for 

determining road congestion in related technologies have the problem of inaccurate 

judgment of road congestion, while this application improves the accuracy of 

determining road congestion. 

[ 00306] Based on the foregoing embodiments, the embodiments of this application 

provide a computer-readable storage medium. The computer-readable storage medium 

has one or more computer programs stored thereon. The one or more computer programs, 

may be executed by one or more processors to implement the operations of the road 

method for determining operation condition provided in the embodiments corresponding 

to FIG. 2, FIG. 3, and FIG. 8. 

[ 00307] Based on the foregoing embodiments, the embodiments of this application 

provide a computer program, including a computer-readable code. When the computer-

readable code runs in a device for determining road operation condition, a processor in 

the device for determining road operation condition executes the computer program to 

implement the operations of the method for determining road operation condition 

provided in the embodiments corresponding to FIG. 2, FIG. 3, and FIG. 8. 

[ 00308] In the several embodiments provided in this application, it is to be understood 

that the disclosed method and apparatus may be implemented in other manners. For 

example, the apparatus embodiments described above are only schematic, and for 

example, division of the modules or units is only logic function division, and other 

division manners may be adopted during practical implementation. For example, units or 

components may be combined or integrated into another system, or some features may be 
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neglected or not executed. In addition, coupling or direct coupling or communication 

connection between the displayed or discussed components may be indirect coupling or 

communication connection, implemented through some interfaces, means or units, and 

may be electrical and mechanical form or adopt other forms. 

[ 00309] The units described as separate components may or may not be physically 

separated, and the components displayed as units may or may not be physical units, and 

may be located in one place or may be distributed over network units. Some or all of the 

units may be selected based on actual needs to achieve the objectives of the solutions of 

the embodiments in the present application. 

[ 00310] In addition, functional units in the embodiments of this application may be 

integrated into one processing unit, or each of the units may be physically separated, or 

two or more units may be integrated into one unit. The integrated unit may be 

implemented in the form of hardware, or in a form of software functional units. 

[ 00311] When the integrated units are implemented in a form of software functional 

units and sold or used as an independent product, the integrated units may be stored in a 

computer-readable storage medium. Based on such an understanding, the technical 

solutions of this application essentially, or a part contributing to the related art, or all or a 

part of the technical solution may be implemented in a form of a software product. The 

computer software product is stored in a storage medium and includes several 

instructions for instructing a computer device (which may be a personal computer, a 

server, a network device or the like) or a processor to perform all or some of the steps of 

the method in each embodiment of this application. The above-mentioned storage 

medium includes: various media capable of storing program codes such as a U disk, a 

mobile hard disk, a Read-Only Memory (ROM), a Random Access Memory (RAM), a 

magnetic disk or an optical disk. 

INDUSTRIAL APLICABILITY 

[ 00312] The embodiments of this application disclose a method and an apparatus for 

determining road operation condition, a device, and a storage medium. The method 

includes: acquiring an image of a road to be monitored, where the image is obtained by 
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photographing the road to be monitored; acquiring the number of vehicles on the road to 

be monitored, and dividing the road to be monitored into an upstream road and a 

downstream road based on the image of the road to be monitored and the number of 

vehicles on the road to be monitored; acquiring the number of vehicles on the upstream 

road and the number of vehicles on the downstream road, and determining a target 

domain value based on the number of vehicles on the road to be monitored, the number 

of vehicles on the upstream road, the number of vehicles on the downstream road, and a 

traffic wave of the road to be monitored; and determining that congestion occurs on the 

road to be monitored in a case where the number of vehicles on the road to be monitored 

is greater than the target domain value. Detection of target based on this model can 

improve the accuracy of target detection. The, whether congestion occurs on the roads to 

be monitored can be determined directly based on the target threshold value determined 

according to the images of the roads to be monitored and the number of vehicles on the 

road, thereby improving the accuracy of determining road congestion.  
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CLAIMS 

1. A method for determining road operation condition, comprising: 

acquiring an image of a road to be monitored, wherein the image is obtained by 

photographing the road to be monitored; 

acquiring a number of vehicles on the road to be monitored, and dividing the road to 

be monitored into an upstream road and a downstream road based on the image and the 

number of vehicles on the road to be monitored; 

acquiring a number of vehicles on the upstream road and a number of vehicles on the 

downstream road, and determining a target domain value based on the number of vehicles on 

the road to be monitored, the number of vehicles on the upstream road, the number of vehicles 

on the downstream road, and a traffic wave of the road to be monitored; and 

determining that congestion occurs on the road to be monitored in a case where the 

number of vehicles on the road to be monitored is greater than the target domain value. 

 

2. The method of claim 1, wherein the step of acquiring the number of vehicles on the road to 

be monitored comprises: 

analyzing the image of the road to be monitored by using a neural network algorithm 

to divide the road to be monitored into roads in different directions; and 

respectively acquiring a number of vehicles on roads in each direction of the road to 

be monitored; and 

correspondingly, the step of dividing the road to be monitored into an upstream road 

and a downstream road based on the image of the road to be monitored and the number of 

vehicles on the road to be monitored comprises: 

respectively dividing the roads in each direction into an upstream road and a 

downstream road based on the image of the road to be monitored and the number of vehicles 

on the roads in each direction. 
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3. The method of claim 2, wherein the step of respectively dividing the roads in each direction 

into an upstream road and a downstream road based on the image of the road to be monitored 

and the number of vehicles on the roads in each direction comprises: 

respectively discretizing the roads in each direction into J parts, wherein J is a positive 

integer greater than 1; 

analyzing the image of the road to be monitored and the number of vehicles on the 

roads in each direction to respectively determine a number of vehicles on each of the J parts 

of the roads in each direction within a first preset time period; and 

performing calculation processing on the number of vehicles on each part of the roads 

in each direction within the first preset time period, and dividing the roads in each direction 

into the upstream road and the downstream road based on a calculation result. 

 

4. The method of claim 3, wherein the step of performing calculation processing on the 

number of vehicles on each part of the roads in each direction within the first preset time 

period, and dividing the roads in each direction into the upstream road and the downstream 

road based on a calculation result comprises: 

determining a cut point k by calculation based on the number of vehicles on each part 

of the roads in each direction within the first preset time period; and 

determining, according to traveling directions of the vehicles, at least one road 

corresponding to first k parts of the roads in each direction as the upstream road, and 

determining at least one road corresponding to a remaining part other than the first k parts of 

the roads in each direction as the downstream road. 

 

5. The method of claim 1, wherein the step of acquiring the number of vehicles on the road to 

be monitored comprises: 
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acquiring a first number of vehicles on roads in each direction of the road to be 

monitored at each moment within a second preset time period; and 

correspondingly, the step of acquiring the number of vehicles on the upstream road 

and the number of vehicles on the downstream road, and determining a target domain value 

based on the number of vehicles on the road to be monitored, the number of vehicles on the 

upstream road, the number of vehicles on the downstream road, and a traffic wave of the road 

to be monitored comprises: 

determining a suspected congestion moment and a suspected congestion number for 

the roads in each direction by calculation based on the first number of vehicles on the roads in 

each direction of the road to be monitored at each moment within the second preset time 

period; 

acquiring the number of vehicles on the upstream road and the number of vehicles on 

the downstream road in the roads in each direction at each moment within a first preset time 

period; and 

for the roads in each direction, responsive to determining, based on the number of 

vehicles on the upstream road and the number of vehicles on the downstream road in the 

roads in each direction at each moment within the first preset time period, that a congested 

traffic wave exists in the traffic wave of the road to be monitored at the suspected congestion 

moment, determining the target domain value as the suspected congestion number. 

 

6. The method of claim 5, wherein the step of determining a suspected congestion moment 

and a suspected congestion number for the roads in each direction by calculation based on the 

first number of vehicles on the roads in each direction of the road to be monitored at each 

moment within the second preset time period comprises: 

acquiring a second number of vehicles on the roads in each direction after a preset 

interval time from each moment within the second preset time period; 

acquiring a third number of vehicles on the roads in each direction before a preset 

interval time from each moment within the second preset time period; and 
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for the roads in each direction, determining a moment at which the first number is less 

than the second number and the first number is greater than the third number as the suspected 

congestion moment, and determining a number of vehicles at the suspected congestion 

moment as the suspected congestion number. 

 

7. The method of claim 5 or 6, wherein the step of for the roads in each direction, responsive 

to determining, based on the number of vehicles on the upstream road and the number of 

vehicles on the downstream road in the roads in each direction at each moment within the first 

preset time period, that a congested traffic wave exists in the traffic wave of the road to be 

monitored at the suspected congestion moment, determining the target domain value as the 

suspected congestion number comprises: 

calculating operation time of the roads in each direction based on the number of 

vehicles on the upstream road and the number of vehicles on the downstream road in the 

roads in each direction at each moment within the first preset time period, wherein the 

operation time is time when the vehicles travel from the upstream road to the downstream 

road; 

calculating a first growth rate for the upstream road in the roads in each direction of 

the road to be monitored at the suspected congestion moment, and a second growth rate for 

the downstream road in the roads in each direction after the operation time from the suspected 

congestion moment; 

for the roads in each direction, calculating a to-be-determined numerical value based 

on the first growth rate and the second growth rate; and 

for the roads in each direction, in a case where the to-be-determined numerical value is 

greater than a preset threshold value, determining that a congested traffic wave exists in the 

traffic wave of the road to be monitored at the suspected congestion moment, and determine 

the target threshold value as the suspected congestion number. 
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8. The method of claim 7, wherein the step of calculating a first growth rate for the upstream 

road in the roads in each direction of the road to be monitored at the suspected congestion 

moment, and a second growth rate for the downstream road in the roads in each direction after 

the operation time from the suspected congestion moment comprises: 

acquiring a number of vehicles on the upstream road in the roads in each direction at 

the suspected congestion moment, and a number of vehicles on the downstream road in the 

roads in each direction at a moment after the operation time from the suspected congestion 

moment; 

calculating a first average number of vehicles on the upstream road in the roads in 

each direction and a second average number of vehicles on the downstream road within a 

third preset time period; 

calculating the first growth rate based on the number of vehicles on the upstream road 

in the roads in each direction at the suspected congestion moment and the first average 

number of vehicles on the roads in each direction; and 

calculating the second growth rate based on the number of vehicles on the downstream 

road in the roads in each direction at the moment after the operation time from the suspected 

congestion moment and the second average number of vehicles on the roads in each direction. 

 

9. The method of claim 7, wherein the step of for the roads in each direction, calculating a to-

be-determined numerical value based on the first growth rate and the second growth rate 

comprises: 

calculating a first difference between a growth rate of the upstream road and a growth 

rate of the downstream road in the roads in each direction based on the first growth rate and 

the second growth rate of the roads in each direction; 

calculating a second difference between the number of vehicles on the roads in each 

direction at the suspected congestion moment and a number of vehicles on the roads in each 

direction at a previous moment of the suspected congestion moment; and 
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for the roads in each direction, calculating the to-be-determined numerical value based 

on the first difference and the second difference. 

 

10. The method of claim 1, wherein the step of in a case where the number of vehicles on the 

road to be monitored is greater than the target domain value, determining that congestion 

occurs on the road to be monitored comprises: 

acquiring a duration during which the number of vehicles on the road to be monitored 

is greater than the target domain value; and 

in a case where the number of vehicles on the road to be monitored is greater than the 

target domain value and the duration is greater than a preset time threshold value, determining 

that congestion occurs on the road to be monitored. 

 

11. An apparatus for determining road operation condition, comprising: 

an acquisition unit, configured to acquire an image of road to be monitored, wherein 

the image is obtained by photographing the road to be monitored; 

a division unit, configured to acquire a number of vehicles on the road to be 

monitored, and divide the road to be monitored into an upstream road and a downstream road 

based on the image and the number of vehicles on the road to be monitored; 

a first determination unit, configured to acquire a number of vehicles on the upstream 

road and a number of vehicles on the downstream road, and determine a target domain value 

based on the number of vehicles on the road to be monitored, the number of vehicles on the 

upstream road, the number of vehicles on the downstream road, and a traffic wave of the road 

to be monitored; and 

a second determination unit, configured to determine that congestion occurs on the 

road to be monitored in a case where the number of vehicles on the road to be monitored is 

greater than the target domain value. 
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12. The apparatus of claim 11, wherein the division unit comprises: 

a first determination module, configured to analyze the image by using a neural 

network algorithm to divide the road to be monitored into roads in different directions; and 

a first acquisition module, configured to respectively acquire a number of vehicles on 

roads in each direction of the road to be monitored; and 

correspondingly, the division unit further comprises: 

a first division module, configured to respectively divide the roads in each direction 

into an upstream road and a downstream road based on the image of the road to be monitored 

and the number of vehicles on the roads in each direction. 

 

13. The apparatus of claim 12, wherein the first division module is further configured to: 

respectively discretize the roads in each direction into J parts, wherein J is a positive 

integer greater than 1; 

analyze the image of the road to be monitored and the number of vehicles on the roads 

in each direction to respectively determine a number of vehicles on each of the J parts of the 

roads in each direction within a first preset time period; and 

perform calculation processing on the number of vehicles on each part of the roads 

among the roads in each direction within the first preset time period, and divide the roads in 

each direction into the upstream road and the downstream road based on a calculation result. 

 

14. The apparatus of claim 13, wherein the first division module is further configured to: 

determine a cut point k by calculation based on the number of vehicles on each part of 

the roads in each direction within the first preset time period; and 
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determine, according to traveling directions of the vehicles, at least one road 

corresponding to first k parts of the roads in each direction as the upstream road, and 

determine at least one road corresponding to a remaining part other than the first k parts of the 

roads in each direction as the downstream road. 

 

15. The apparatus of claim 11, wherein the division unit further comprises: 

a second acquisition module, configured to acquire a first number of vehicles on roads 

in each direction of the road to be monitored at each moment within a second preset time 

period; and 

correspondingly, the first determination unit comprises: 

a second determination module, configured to determine a suspected congestion 

moment and a suspected congestion number for the roads in each direction by calculation 

based on the first number of vehicles on the roads in each direction of the road to be 

monitored at each moment within the second preset time period; 

a second acquisition module, configured to acquire the number of vehicles on the 

upstream road and the number of vehicles on the downstream road in the roads in each 

direction at each moment within a first preset time period; and 

a third determination module, configured to, for the roads in each direction, responsive 

to determining, based on the number of vehicles on the upstream road and the number of 

vehicles on the downstream road in the roads in each direction at each moment within the first 

preset time period, that a congested traffic wave exists in the traffic wave of the road to be 

monitored at the suspected congestion moment, to determine the target domain value as the 

suspected congestion number. 

 

16. The apparatus of claim 15, wherein the second determination module is further configured 

to: 
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acquire a second number of vehicles on the roads in each direction after a preset 

interval time from each moment within the second preset time period; 

acquire a third number of vehicles on the roads in each direction before a preset 

interval time from each moment within the second preset time period; and 

for the roads in each direction, determine a moment at which the first number is less 

than the second number and the first number is greater than the third number as the suspected 

congestion moment, and determine a number of vehicles at the suspected congestion moment 

as the suspected congestion number. 

 

17. The apparatus of claim 15 or 16, wherein the third determination module is further 

configured to: 

calculate operation time of the roads in each direction based on the number of vehicles 

on the upstream road and the number of vehicles on the downstream road in the roads in each 

direction at each moment within the first preset time period, wherein the operation time is 

time when the vehicles travel from the upstream road to the downstream road; 

calculate a first growth rate for the upstream road in the roads in each direction of the 

road to be monitored at the suspected congestion moment, and a second growth rate for the 

downstream road in the roads in each direction after the operation time from the suspected 

congestion moment; 

for the roads in each direction, calculate a to-be-determined numerical value based on 

the first growth rate and the second growth rate; and 

for the roads in each direction, in a case where the to-be-determined numerical value is 

greater than a preset threshold value, determine that a congested traffic wave exists in the 

traffic wave of the road to be monitored at the suspected congestion moment, and determine 

the target threshold value as the suspected congestion number. 
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18. The apparatus of claim 17, wherein the third determination module is further configured 

to: 

acquire a number of vehicles on the upstream road in the roads in each direction at the 

suspected congestion moment, and a number of vehicles on the downstream road in the roads 

in each direction at a moment after the operation time from the suspected congestion moment; 

calculate a first average number of vehicles on the upstream road in the roads in each 

direction and a second average number of vehicles on the downstream road within a third 

preset time period; 

calculate the first growth rate based on the number of vehicles on the upstream road in 

the roads in each direction at the suspected congestion moment and the first average number 

of vehicles on the roads in each direction; and 

calculate the second growth rate based on the number of vehicles on the downstream 

road in the roads in each direction at the moment after the operation time from the suspected 

congestion moment and the second average number of vehicles on the roads in each direction. 

 

19. The apparatus of claim 17, wherein the third determination module is further configured 

to: 

calculate a first difference between a growth rate of the upstream road and a growth 

rate of the downstream road in the roads in each direction based on the first growth rate and 

the second growth rate of the roads in each direction; 

calculate a second difference between the number of vehicles on the roads in each 

direction at the suspected congestion moment and the number of vehicles on the roads in each 

direction at a previous moment of the suspected congestion moment; and 

for the roads in each direction, calculate the to-be-determined numerical value based 

on the first difference and the second difference. 
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20. The apparatus of claim 11, wherein the second determination unit is further configured to: 

acquire a duration during which the number of vehicles on the road to be monitored is 

greater than the target domain value; and 

in a case where the number of vehicles on the road to be monitored is greater than the 

target domain value and the duration is greater than a preset time threshold value, determine 

that congestion occurs on the road to be monitored. 

 

21. A device for determining road operation condition, comprising at least a memory, a 

communication bus, and a processor, wherein 

the memory is configured to store a program for determining road operation condition; 

the communication bus is configured to implement connection communication 

between the processor and the memory; and 

the processor is configured to execute the program for determining the road operation 

condition stored in the memory, so as to implement the steps of the method for determining  

road operation condition of any one of claims 1 to 10. 

 

22. A storage medium, having a computer program stored thereon, wherein the computer 

program, when executed by a processor, implements the steps of the method for determining 

road operation condition of any one of claims 1 to 10. 

 

23. A computer program, comprising a computer-readable code, wherein when the computer-

readable code runs in a device for determining road operation condition, a processor in the 

device for determining road operation condition implements the steps of the method for 

determining road operation condition of any one of claims 1 to 10. 

  


