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CALIBRATION METHOD AND APPARATUS, ELECTRONIC DEVICE, 

AND COMPUTER READABLE STORAGE MEDIUM 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[ 0001] This disclosure is based on and claims priority to Chinese Patent Application 

No. 202010972920.5 filed on September 16, 2020, the disclosure of which is hereby 

incorporated by reference in its entirety. 

 

TECHNICAL FIELD 

[ 0002] The disclosure relates to the field of data processing technologies, and in 

particular to a calibration method and apparatus, an electronic device, and a computer 

readable storage medium. 

 

BACKGROUND 

[ 0003] A vehicle-mounted sensor for measuring vehicle driving data, such as a wheel-

type odometer and a yaw rate sensor, is generally integrated on a vehicle chassis and used for 

sensing a motion state of the vehicle, thereby improving the safety and stability of the vehicle. 

An automatic driving vehicle may obtain the wheel velocity data of the wheel-type odometer 

and the yaw rate data of the yaw rate sensor through a Controller Area Network (CAN) bus, 

so as to reckon the current position of the vehicle through integration, thereby obtaining 

accurate relative positioning accuracy. 

[ 0004] When the vehicle driving data (an angular velocity and a linear velocity of the 

vehicle) is measured through the vehicle-mounted sensor, it is required to determine 

calibration parameter information of the vehicle-mounted sensor, and initial vehicle driving 

data measured by the sensor is calibrated through the calibration parameter information, so as 

to obtain outputted vehicle driving data. Therefore, the accuracy of the calibration parameter 
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information affects the accuracy of the obtained vehicle driving data, thereby affecting the 

accuracy of vehicle positioning. Generally, the calibration parameter information of the 

vehicle-mounted sensor is determined before the vehicle is shipped from a factory, but with 

the increase of usage time, wear would occur to the vehicle-mounted sensor, and the wear and 

the influence of an environment change enable the calibration parameter information to be 

inaccurate. Therefore, in actual use, it is required to update the calibration parameter 

information of the vehicle-mounted sensor in time. 

 

SUMMARY 

[ 0005] In view of the above, embodiments of the disclosure at least provide a 

calibration scheme for improving the accuracy of a calibration result while simplifying a 

calibration process of a vehicle-mounted sensor. 

[ 0006] In a first aspect, embodiments of the disclosure provide a calibration method. 

The method includes the following operations. 

[ 0007] First vehicle driving parameter information outputted by a vehicle-mounted 

sensor and second vehicle driving parameter information outputted by a integrated navigation 

device are obtained during driving of a target vehicle. 

[ 0008] Calibration parameter information of the vehicle-mounted sensor is determined 

according to first vehicle driving parameter values of a plurality of first collection time points 

in the first vehicle driving parameter information and second vehicle driving parameter values 

of a plurality of second collection time points in the second vehicle driving parameter 

information. 

[ 0009] By using the vehicle driving parameter information outputted by the integrated 

navigation device to calibrate the vehicle driving parameter information of the vehicle-

mounted sensor, the embodiments of this disclosure have no special requirement for a 

calibration place, and do not require the vehicle to travel according to a specific travel 

trajectory, thereby simplifying the calibration process of the vehicle-mounted sensor and 

improving the calibration efficiency. In addition, it is not required to consider an error caused 
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by mismatch of the travel trajectory of the vehicle and a set trajectory, thereby further 

improving the accuracy of the calibration result. 

[ 0010] In a second aspect, embodiments of the disclosure provide a calibration 

apparatus. The calibration apparatus includes an obtaining portion and a determining portion.  

[ 0011] The obtaining portion is configured to obtain first vehicle driving parameter 

information outputted by a vehicle-mounted sensor and second vehicle driving parameter 

information outputted by an integrated navigation device during driving of a target vehicle. 

[ 0012] The determining portion is configured to determine calibration parameter 

information of the vehicle-mounted sensor according to first vehicle driving parameter values 

of a plurality of first collection time points in the first vehicle driving parameter information 

and second vehicle driving parameter values of a plurality of second collection time points in 

the second vehicle driving parameter information. 

[ 0013] In a third aspect, embodiments of the disclosure provide an electronic device, 

including a processor, a memory, and a bus. The memory stores machine readable instructions 

executable by the processor. When the electronic device runs, the processor communicates 

with the memory through the bus. The machine readable instructions are executed by the 

processor to implement operations in the first aspect or any possible implementation mode 

thereof. 

[ 0014] In a fourth aspect, embodiments of the disclosure provide a computer readable 

storage medium having a computer program stored thereon. The computer program is 

executed by a processor to implement operations in any implementation mode of the first 

aspect. 

[ 0015] In a fifth aspect, embodiments of the disclosure provide a computer program, 

including a computer readable code. The computer readable code runs in a computer device to 

enable a processor in the computer device to implement operations in any implementation 

mode of the first aspect. 
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[ 0016] Descriptions for the effects of the foregoing apparatus, the electronic device, 

and the computer readable storage medium may make reference to the description for the 

method, which are not elaborated herein. 

[ 0017] To enable the above objectives, features, and advantages of the disclosure to be 

more apparent and understandable, preferred embodiments are specially exemplified below in 

combination with the accompanying drawings for making the following detailed description. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0018] To describe the technical solutions of the embodiments of the disclosure more 

clearly, the accompanying drawings required to be used in the embodiments will be simply 

introduced below. The accompanying drawings, which are incorporated in and constitute a 

part of this specification, illustrate embodiments consistent with the disclosure and, together 

with the specification, serve to illustrate the technical solutions of the disclosure. It should be 

understood that the following accompanying drawings merely illustrate some embodiments of 

the disclosure, and should not be considered to limit the scope. Other relevant accompanying 

drawings may further be obtained by those of ordinary skill in the art according to these 

drawings without creative work. 

[ 0019] FIG. 1a is a schematic structural composition diagram of a calibration system 

provided by an embodiment of the disclosure. 

[ 0020] FIG. 1b is a schematic flowchart of a calibration method provided by an 

embodiment of the disclosure. 

[ 0021] FIG. 2 is a schematic flowchart of determining calibration parameter 

information of a vehicle-mounted sensor provided by an embodiment of the disclosure. 

[ 0022] FIG. 3 is a schematic flowchart of determining a timestamp offset value of a 

vehicle-mounted sensor with respect to an integrated navigation device provided by an 

embodiment of the disclosure. 
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[ 0023] FIG. 4a is a schematic flowchart of determining difference information 

between first vehicle driving parameter information and second vehicle driving parameter 

information provided by an embodiment of the disclosure. 

[ 0024] FIG. 4b is a schematic diagram of a function curve of a cost equation provided 

by an embodiment of the disclosure. 

[ 0025] FIG. 4c is a schematic diagram of an iterative process provided by an 

embodiment of the disclosure. 

[ 0026] FIG. 5 is a specific schematic flowchart of determining calibration parameter 

information of a vehicle-mounted sensor provided by an embodiment of the disclosure. 

[ 0027] FIG. 6 is a schematic structural diagram of a calibration apparatus provided by 

an embodiment of the disclosure. 

[ 0028] FIG. 7 is a schematic structural diagram of an electronic device provided by an 

embodiment of the disclosure. 

 

DETAILED DESCRIPTION 

[ 0029] To enable the objectives, technical solutions, and advantages of the disclosure 

more apparent, the technical solutions in the embodiments of the disclosure are described 

clearly and completely below in combination with the accompanying drawings in the 

embodiments of the disclosure. It is apparent that the described embodiments are merely a 

part of the embodiments of the disclosure but not all. Generally, the components of the 

embodiments of the disclosure that are described and shown in the accompanying drawings 

herein may be arranged and designed in various different configurations. Therefore, the 

following detailed description of the embodiments of the disclosure provided in the 

accompanying drawings is not intended to limit the claimed scope, but only represents the 

selected embodiments of the disclosure. Based on the embodiments of the disclosure, all other 

embodiments obtained by those skilled in the art without creative work shall fall within the 

scope of protection of the disclosure. 
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[ 0030] The accurate positioning of an automatic driving vehicle can be implemented 

using sensor data outputted by a vehicle-mounted sensor. For example, the current position of 

the vehicle is reckoned by integrating linear velocity data and angular velocity data. Initial 

sensor data collected by the vehicle-mounted sensor generally needs to be subjected to the 

calibration of calibration parameter information, and then is used for determining positioning 

information. Thus, the accuracy of the calibration parameter information used for calibrating 

the sensor data directly affects the accuracy of positioning. 

[ 0031] Generally, a calibration manner based on a fixed place and a fixed travel 

trajectory is more restrictive, in which the vehicle is required to be driven to the fixed place 

and calibrated through a calibration platform at the fixed place. The process is complex, and 

the calibration parameter information of the vehicle-mounted sensor cannot be updated in 

time. Therefore, the embodiments of the disclosure provide a calibration method and 

apparatus, an electronic device, and a computer readable storage medium. By introducing an 

integrated navigation device with a high accuracy to obtain vehicle driving parameter 

information as a calibration result, the disclosure has no special requirement for a calibration 

place and a vehicle travel trajectory, thereby simplifying the calibration process of the 

vehicle-mounted sensor, automatically completing calibration, and improving the calibration 

efficiency. Since it is not required to consider an error caused by the mismatch of the travel 

trajectory of the vehicle and a set trajectory, the accuracy of the calibration result can be 

further improved. 

[ 0032] In order to facilitate understanding the embodiments, a calibration method 

provided by the embodiments of the disclosure is first introduced in details. The calibration 

method provided by the embodiments of the disclosure generally is performed by a 

processing apparatus having a data processing capability. The processing apparatus may be an 

independent device, and may also be deployed on a vehicle terminal or a cloud platform 

server terminal, which is not limited in the embodiments of the disclosure. 

[ 0033] Exemplarily, an embodiment of the disclosure provides a schematic structural 

diagram of a calibration system. As shown in FIG. 1a, the calibration system 100 includes a 

vehicle 200, an integrated navigation device 300, and a cloud platform server 400. The 

vehicle 200, the integrated navigation device 300, and the cloud platform server 400 
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communicate with each other. The vehicle-mounted sensor is provided on the vehicle 200. 

The cloud platform server 400 may obtain the first vehicle driving parameter information of 

the vehicle 200 collected by the vehicle-mounted sensor from the vehicle 200, and vehicle 

driving parameter information from the integrated navigation device consisting of an Inertial 

measurement unit (IMU) and a Global Positioning System (GPS). The calibration parameter 

information of the vehicle-mounted sensor is determined according to the first vehicle driving 

parameter information and second vehicle driving parameter information. 

[ 0034] Referring to FIG. 1b, FIG. 1b is a schematic flowchart of a calibration method 

provided by an embodiment of the disclosure. The following operations in S101 and S102 are 

specifically included. 

[ 0035] In S101, first vehicle driving parameter information outputted by a vehicle-

mounted sensor and second vehicle driving parameter information outputted by an integrated 

navigation device are obtained during driving of a target vehicle. 

[ 0036] The first vehicle driving parameter information and the second vehicle driving 

parameter information respectively include vehicle driving parameter values that are collected 

at different collection time points. 

[ 0037] In the embodiments of the disclosure, the target vehicle may be an automatic 

driving vehicle, may also be an ordinary vehicle, and further may be a movable device, such 

as a mobile robot, which is not limited in the embodiment of the disclosure. 

[ 0038] In S102, calibration parameter information of the vehicle-mounted sensor is 

determined according to first vehicle driving parameter values of a plurality of first collection 

time points in the first vehicle driving parameter information and second vehicle driving 

parameter values of a plurality of second collection time points in the second vehicle driving 

parameter information. 

[ 0039] The foregoing operations in S101 and S102 are respectively described in 

details below. 

[ 0040] In S101, during traveling of the target vehicle, the vehicle-mounted sensor on 

the target vehicle may collect the vehicle driving parameter information during the traveling 
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of the vehicle. The vehicle-mounted sensor may be a sensor that collects the driving velocity 

of the target vehicle, such as a wheel-type odometer and a yaw rate sensor integrated on the 

vehicle chassis. The wheel-type odometer may record a linear velocity value of the target 

vehicle, and the yaw rate sensor may record an angular velocity value of the target vehicle. 

[ 0041] The integrated navigation device may be an integrated navigation device 

consisting of an IMU and a GPS, and accurately collect the vehicle driving parameter 

information generated during the traveling of the target vehicle. Therefore, the vehicle driving 

parameter information collected by the integrated navigation device may be used as the 

calibration result, so as to determine the calibration parameter information of the vehicle-

mounted sensor. Of course, the integrated navigation device may also be another integrated 

navigation device that can accurately collect the vehicle driving parameter information of the 

target vehicle during traveling, which is not limited herein. 

[ 0042] In the embodiments of the disclosure, during driving of the target vehicle, the 

vehicle driving parameter information collected by the vehicle-mounted sensor may be 

obtained through a controller area network (CAN) bus. In order to distinguish from the 

vehicle driving parameter information obtained by the integrated navigation device, the 

vehicle driving parameter information collected by the vehicle-mounted sensor and obtained 

by the CAN bus is marked as the first vehicle driving parameter information, and the vehicle 

driving parameter information collected by the integrated navigation device is marked as the 

second vehicle driving parameter information. 

[ 0043] In order to obtain accurate calibration parameter information, it is generally 

needed to perform determination through a plurality of vehicle driving parameter information. 

That is, the first vehicle driving parameter information and the second vehicle driving 

parameter information in the embodiments of the disclosure respectively include vehicle 

driving parameter values that are collected at a plurality of collection time points. In some 

embodiments, the vehicle-mounted sensor and the integrated navigation device may collect 

the vehicle driving parameter values according to the same set time interval, and thus, the 

vehicle driving parameter values collected at a plurality of time points may be obtained. When 

the vehicle driving parameter information includes a linear velocity value and a yaw rate 

value, the first vehicle driving parameter information collected by the vehicle-mounted sensor 
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includes linear velocity values collected at the plurality of time points and angular velocity 

values collected at the plurality of time points, and the second vehicle driving parameter 

information collected by the integrated navigation device also includes linear velocity values 

collected at the plurality of time points and angular velocity values collected at the plurality of 

time points. 

[ 0044] In the embodiments of the disclosure, the driving process of the target vehicle 

may include actual conditions such as vehicle turning, vehicle acceleration, and vehicle 

deceleration, so that the first vehicle driving parameter information and the second vehicle 

driving parameter information are richer and more diverse, thereby improving the accuracy of 

calibration. 

[ 0045] In S102, after the first vehicle driving parameter information and the second 

vehicle driving parameter information are obtained, the calibration parameter information of 

the vehicle-mounted sensor may be determined according to the first vehicle driving 

parameter values of the plurality of first collection time points in the first vehicle driving 

parameter information and the second vehicle driving parameter values of the plurality of 

second collection time points in the second vehicle driving parameter information. 

[ 0046] In the embodiments of the disclosure, by introducing the integrated navigation 

device to obtain the vehicle driving parameter information as the calibration result, the 

calibration of the vehicle-mounted sensor during the daily driving of the vehicle can be 

achieved through the output result of the integrated navigation device and initial vehicle 

driving parameter information collected by the vehicle-mounted sensor, so as to simplify the 

calibration process of the vehicle-mounted sensor and improve the accuracy of the calibration 

parameter information, thereby facilitating accurate positioning of the target vehicle. 

[ 0047] In S102, when the calibration parameter information of the vehicle-mounted 

sensor is determined according to the first vehicle driving parameter values of the plurality of 

first collection time points in the first vehicle driving parameter information and the second 

vehicle driving parameter values of the plurality of second collection time points in the 

second vehicle driving parameter information, it is required to determine the second vehicle 

driving parameter value of the second collection time point corresponding to the first vehicle 

driving parameter value of each first collection time point, so that each first vehicle driving 
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parameter value is used as an object to be calibrated, and the second vehicle driving parameter 

value corresponding to the first vehicle driving parameter value is used as the calibration 

result, to obtain the calibration parameter information. 

[ 0048] During the implementation, first, timestamp alignment may be performed on 

the first vehicle driving parameter information and the second vehicle driving parameter 

information, i.e., the second collection time point corresponding to each first collection time 

point is determined, thereby avoiding an error caused by timestamp misalignment, and 

improving the accuracy of calibration. The timestamp alignment herein is not simply 

performing alignment on the first collection time point and the second collection time point 

with a shortest time interval, but determining a timestamp offset value that minimizes a 

difference between the first vehicle driving parameter information and the second vehicle 

driving parameter information. The first vehicle driving parameter information and the second 

vehicle driving parameter information are aligned according to the timestamp offset value. 

[ 0049] As shown in FIG. 2, in S102, the implementation of determining the 

calibration parameter information of the vehicle-mounted sensor according to the first vehicle 

driving parameter values of the plurality of first collection time points in the first vehicle 

driving parameter information and the second vehicle driving parameter values of the 

plurality of second collection time points in the second vehicle driving parameter information 

may include the following operations in S201 to S203. 

[ 0050] In S201, a timestamp offset value of the vehicle-mounted sensor with respect 

to the integrated navigation device is determined according to the first vehicle driving 

parameter values of the plurality of first collection time points in the first vehicle driving 

parameter information and the second vehicle driving parameter values of the plurality of 

second collection time points in the second vehicle driving parameter information. 

[ 0051] In S202, a mapping relationship between the plurality of first collection time 

points for collecting the first vehicle driving parameter information and the plurality of second 

collection time points for collecting the second vehicle driving parameter information is 

determined according to the determined timestamp offset value. 
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[ 0052] A difference value between the first collection time point and the second 

collection time point with a mapping relationship is equal to the timestamp offset value. 

[ 0053] In S203, the calibration parameter information of the vehicle-mounted sensor 

is determined according to the determined mapping relationship, the first vehicle driving 

parameter values of the plurality of first collection time points in the first vehicle driving 

parameter information, and the second vehicle driving parameter values of the plurality of 

second collection time points in the second vehicle driving parameter information. 

[ 0054] The operations in S201 to S203 are respectively described in details below. 

[ 0055] In S201, each collection time point corresponds to one timestamp, and the 

timestamp generally is a character sequence used for uniquely identifying a certain time. A 

timestamp offset may exist when the vehicle-mounted sensor collects the vehicle driving 

parameter information with respect to the integrated navigation device due to various reasons, 

for example, there is a delay when vehicle-mounted sensor collects the vehicle driving 

parameter information, or there is a delay when the integrated navigation device collects the 

vehicle driving parameter information, or there are delays when the vehicle-mounted sensor 

and the integrated navigation device collect the vehicle driving parameter information, and the 

delays are different from each other. In this case, if the calibration parameter information is 

directly determined according to the first vehicle driving parameter information and the 

second vehicle driving parameter information with the same timestamp, the accuracy of the 

calibration parameter information may be affected. 

[ 0056] Therefore, in order to improve the accuracy of the calibration parameter 

information, the embodiments of the disclosure provide a scheme of first determining the 

timestamp offset value of the vehicle-mounted sensor with respect to the integrated navigation 

device before determining the calibration parameter information of the vehicle-mounted 

sensor, i.e., determining whether the collection time point for collecting the vehicle driving 

parameter information by the vehicle-mounted sensor with respect to the collection time point 

for collecting the vehicle driving parameter information by the integrated navigation device is 

delayed or advanced by a set time length. 
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[ 0057] In S202, after the timestamp offset value of the vehicle-mounted sensor with 

respect to the integrated navigation device is determined, the mapping relationship between 

the plurality of first collection time points for collecting the first vehicle driving parameter 

information and the plurality of second collection time points for collecting the second vehicle 

driving parameter information may be determined. Herein, the difference between the first 

collection time point and the second collection time point with the mapping relationship is 

equal to the timestamp offset value. 

[ 0058] For example, table 1 below shows the first vehicle driving parameter values 

collected at six first collection time points when the vehicle-mounted sensor started working 

from eight o'clock on August 8, 2019, and the second vehicle driving parameter values 

collected at six second collection time points when the integrated navigation device started 

working from eight o'clock on August 8, 2019. 

[ 0059]                                                        Table 1 

Vehicle-mounted sensor Integrated navigation device 

Identifier of 

first 

collection 

time point  

First 

collection 

time point 

First vehicle 

driving 

parameter value 

Identifier of 

second 

collection 

time point 

identifier 

Second 

collection 

time point 

Second 

vehicle driving 

parameter 

value 

A 08:00:01 L1 A1 08:00:01 M1 

B 08:00:02 L2 B1 08:00:02 M2 

C 08:00:03 L3 C1 08:00:03 M3 

D 08:00:04 L4 D1 08:00:04 M4 

E 08:00:05 L5 E1 08:00:05 M5 

F 08:00:06 L6 F1 08:00:06 M6 
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[ 0060] A timestamp representing a collection time point is in the format of a character 

string. In order to facilitate explanation, a date format is used to represent a specific time 

point. In addition, in order to facilitate description, letters are used to identify the time points. 

During the actual implementation, it is not needed to introduce the collection time point 

identifiers. 

[ 0061] If it is determined that the timestamp offset value of the vehicle-mounted 

sensor with respect to the integrated navigation device is delayed by one second, the first 

collection time point of the vehicle-mounted sensor and the second collection time point of 

the integrated navigation device are not mapped according to the same timestamp, i.e., A does 

not correspond to A1, B does not correspond to B1, C does not correspond to C1, D does not 

correspond to D1, E does not correspond to E1, and F does not correspond to F1, but mapped 

according to the timestamp offset value, i.e., the difference value between the first collection 

time point and the second collection time point having the mapping relationship is equal to 

the timestamp offset value. Therefore, the mapping relationship between the first collection 

time points and the second collection time points in Table 1 is that A corresponds to B1, B 

corresponds to C1, C corresponds to D1, D corresponds to E1, and E corresponds to F1. If it 

is determined that the timestamp offset value of the vehicle-mounted sensor with respect to 

the integrated navigation device is advanced by one second, the mapping relationship between 

the first collection time points and the second collection time points in Table 1 is that B 

corresponds to A1, C corresponds to B1, D corresponds to C1, E corresponds to D1, and F 

corresponds to E1. The mapping relationship is only a mapping relationship  between the 

plurality of first collection time points and the plurality of second collection time points 

exemplarily listed, and a mapping relationship between all the first collection time points and 

all the second collection time points are not provided. 

[ 0062] After the mapping relationship between the plurality of first collection time 

points for collecting the first vehicle driving parameter information and the plurality of second 

collection time points for collecting the second vehicle driving parameter information is 

determined, the calibration parameter information of the vehicle-mounted sensor may be 

further determined according to the mapping relationship, the first vehicle driving parameter 

information collected by the vehicle-mounted sensor, and the accurate second vehicle driving 

parameter information collected by the integrated navigation device. 



 
 

14 
 

[ 0063] The embodiments of the disclosure provides a scheme of first determining the 

timestamp offset value of the vehicle-mounted sensor with respect to the integrated navigation 

device before determining the calibration parameter information of the vehicle-mounted 

sensor through the first vehicle driving parameter values of the plurality of first collection 

time points in the first vehicle driving parameter information and the second vehicle driving 

parameter values of the plurality of second collection time points in the second vehicle 

driving parameter information, then determining, according to the timestamp offset value, the 

mapping relationship between the plurality of first collection time points for collecting the 

first vehicle driving parameter information and the plurality of second collection time points 

for collecting the second vehicle driving parameter information, and determining the 

calibration parameter information of the vehicle-mounted sensor according to the determined 

mapping relationship. Therefore, the error caused by the timestamp misalignment can be 

avoided, thereby improving the accuracy of the calibration parameter information. 

[ 0064] It is mentioned above that before the calibration parameter information is 

determined, it is needed to first determine the timestamp offset value of the vehicle-mounted 

sensor with respect to the integrated navigation device. The process of determining the 

timestamp offset value of the vehicle-mounted sensor with respect to the integrated navigation 

device may include presetting a plurality of timestamp offset values, then determining 

difference information between the first vehicle driving parameter information and the second 

vehicle driving parameter information at each timestamp offset value, and according to the 

difference information corresponding to each timestamp offset value, determining the 

timestamp offset value of the vehicle-mounted sensor with respect to the integrated navigation 

device. 

[ 0065] During the above process, in S201, the implementation of determining the 

timestamp offset value of the vehicle-mounted sensor with respect to the integrated navigation 

device according to the first vehicle driving parameter values of the plurality of first 

collection time points in the first vehicle driving parameter information and the second 

vehicle driving parameter values of the plurality of second collection time points in the 

second vehicle driving parameter information may include the following operations in S301 

to S304, as shown in FIG. 3. 
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[ 0066] In S301, the difference information between the first vehicle driving parameter 

information and the second vehicle driving parameter information at each first timestamp 

offset value of a preset first timestamp offset value set is determined according to the first 

timestamp offset value set, the first vehicle driving parameter value of each first collection 

time point in the first vehicle driving parameter information, and the second vehicle driving 

parameter value of each second collection time point in the second vehicle driving parameter 

information. An interval between adjacent first timestamp offset values in the first timestamp 

offset value set is a first preset time length. 

[ 0067] In S302, according to the difference information, a target first timestamp offset 

value that minimizes a difference between the first vehicle driving parameter information and 

the second vehicle driving parameter information is selected from the first timestamp offset 

value set. 

[ 0068] In S303, a second timestamp offset value set is determined according to the 

target first timestamp offset value. An intermediate value of a timestamp offset range 

corresponding to the second timestamp offset value set is the target first timestamp offset 

value, an interval between adjacent second timestamp offset values is a second preset time 

length, and the second preset time length is less than the first preset time length. 

[ 0069] In S304, the second timestamp offset value set is taken as a new first 

timestamp offset value set, it is returned to execute the operation of determining the difference 

information between the first vehicle driving parameter information and the second vehicle 

driving parameter information at each first timestamp offset value of the first timestamp offset 

value set until a preset iterative condition is satisfied, and a finally obtained target first 

timestamp offset value is used as the determined timestamp offset value of the vehicle-

mounted sensor with respect to the integrated navigation device. 

[ 0070] The above operations in S301 to S304 are respectively described in details 

below. 

[ 0071] In S301, the first timestamp offset value set may include a plurality of first 

timestamp offset values. Before the first timestamp offset value set is set, a value range and 

the number of values (or a value interval) of the first timestamp offset value set may be set 
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firstly, for example, a maximum first timestamp offset value in the first timestamp offset 

value set is set to be 5t , and a minimum first timestamp offset value is set to be 1t , i.e., a range 

of the first timestamp offset value set is from 1t  to 5t . Then, a time interval between adjacent 

two first timestamp offset values, i.e., an iterative time interval when determining the 

difference information, is determined, for example, the time interval between adjacent two 

first timestamp offset values may be determined in an equal difference interpolation manner, 

so as to obtain the remaining first timestamp offset values. For example, between 1t  and 5t , 

three first timestamp offset values are obtained in the equal difference interpolation manner, 

i.e., the first timestamp offset values 1t , 2t , 3t , 4t , and 5t  included in the first timestamp offset 

value set may be obtained, and the time interval between every two adjacent first timestamp 

offset values is equal and is the first preset time length. 

[ 0072] In some embodiments, each first timestamp offset value may be used to 

represent a delay time value of the vehicle-mounted sensor with respect to the integrated 

navigation device. For example, t=1s, it is indicated that the vehicle-mounted sensor is 

delayed by one second at each collection time point with respect to the integrated navigation 

device; t=-1s, it is indicated that the delay time value of the vehicle-mounted sensor with 

respect to the integrated navigation device is -1s, i.e., it is indicated that the vehicle-mounted 

sensor is advanced by one second at each collection time point with respect to the integrated 

navigation device. 

[ 0073] The difference information between the first vehicle driving parameter 

information and the second vehicle driving parameter information is respectively determined 

according to the preset first timestamp offset values. 

[ 0074] In some embodiments, as shown in FIG. 4a, the implementation of determining 

the difference information between the first vehicle driving parameter information and the 

second vehicle driving parameter information at each first timestamp offset value of the first 

timestamp offset value set includes the following operations S401 to S403. 

[ 0075] In S401, for each first timestamp offset value, second collection time points 

that differ from respective first collection time points by the first timestamp offset value are 

determined. 
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[ 0076] For example, when the first timestamp offset value set includes 5 first 

timestamp offset values 51 ~ tt , for the first timestamp offset value 1t , the second collection 

time points that differ from each first collection time point in the first vehicle driving 

parameter information by 1t  are determined. For example, 1t =1s (the vehicle-mounted sensor 

is delayed by one second at each collection time point with respect to the integrated 

navigation device), it is indicated that a corresponding time of a timestamp of each 

determined second collection time point differs from a corresponding moment of the 

timestamp of each first collection time point by one second. Because the vehicle-mounted 

sensor is delayed with respect to the integrated navigation device, the corresponding moment 

of the timestamp of the determined second collection time point should be increased by one 

second with respect to the corresponding moment of the timestamp of the first collection time 

point. Taking Table 1 as an example, the second collection time points that respectively 

correspond to the first collection time points A to E are B1 to F1. 

[ 0077] In S402, a difference value between the vehicle driving parameter value of 

each of the plurality of first collection time points in the first vehicle driving parameter 

information and the vehicle driving parameter value of the corresponding second collection 

time point in the second vehicle driving parameter information is calculated. 

[ 0078] The second collection time points that respectively differ from the plurality of 

first collection time points by the first timestamp offset value are determined according to a 

manner in S401. That is, the second collection time points that respectively correspond to the 

plurality of first collection time points are determined, and then the difference value between 

the first vehicle driving parameter value of each of the plurality of first collection time points 

and the second vehicle driving parameter value of the corresponding second collection time 

point is calculated, so as to obtain a plurality of difference values. The vehicle driving 

parameter value may be the linear velocity value or the angular velocity value of the vehicle, 

and the plurality of corresponding difference values represent a plurality of linear velocity 

difference values or a plurality of angular velocity difference values. 

[ 0079] In S403, a cost equation value corresponding to the first timestamp offset value 

is determined according to the plurality of calculated difference values, and the cost equation 

value is used as the difference information. 
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[ 0080] After the difference value between the first vehicle driving parameter value of 

each first collection time point and the second vehicle driving parameter value of the 

corresponding second collection time point is obtained, the cost equation value corresponding 

to the first timestamp offset value may be obtained by introducing a cost equation, such as the 

following formula (1), and the cost equation value is used as the difference information. 

[ 0081] 2/12
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
 

                                (1) 

[ 0082] In the formula, )( itf   represents a cost equation value corresponding to an ith 

first timestamp offset value in the first timestamp offset value set, N represents the number of 

first collection time points, k represents a kth first collection time point, and the range of k is 

from 1 to N, nvt)(kx   represents the second vehicle driving parameter value of the kth second 

collection time point, and can)(kx  represents the first vehicle driving parameter value of the kth 

first collection time point. 

[ 0083] In some embodiments, the vehicle driving parameter values can)(kx  and nvt)(kx   

may both be linear velocity values, and may also both be angular velocity values. Considering 

that the angular velocity value has higher sensitivity than the linear velocity value when the 

timestamp offset value is determined, the embodiments of the disclosure preferentially use the 

angular velocity values to determine the timestamp offset value of the vehicle-mounted sensor 

with respect to the integrated navigation device. 

[ 0084] Correspondingly, when the timestamp offset value of the vehicle-mounted 

sensor with respect to the integrated navigation device is determined through the angular 

velocity value, the following formula (2) is used. 

[ 0085] 2/12
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                              (2) 

[ 0086] In the formula, nvtk )(  represents an angular velocity value of a kth second 

collection time point, and cank )(  represents an angular velocity value of a kth first collection 

time point. 
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[ 0087] It is to be noted that the vehicle driving parameters are simultaneously 

collected when the vehicle-mounted sensor and the integrated navigation device are tested. 

The first timestamp offset value is defined within the first timestamp offset value set, which 

may ensure that the cost equation is a convex function. Referring to FIG. 4b, the function 

curve of )( itf   is shown in FIG. 4b. 

[ 0088] The timestamp offset value that minimizes the cost equation value in the 

limited loop iteration is obtained by introducing the cost equation. The smaller cost equation 

value represents that the timestamp alignment is better. 

[ 0089] In S302, the difference information between the first vehicle driving parameter 

information at each first timestamp offset value of the first timestamp offset value set and the 

second vehicle driving parameter information may be determined according to a process of 

the operations in S401 to S403, and then the first timestamp offset value with minimum 

difference information is selected as the target first timestamp offset value. 

[ 0090] As mentioned above, the difference information may be represented through 

the cost equation value. Then, when the minimum difference information is determined, the 

minimum difference information may be represented through a minimum cost equation value. 

For example, for the case that the first timestamp offset value set is 51 ~ tt , it may be 

determined that the cost equation values for five first timestamp offset values respectively are 

)(~)( 51 tftf  , and the minimum cost equation value is selected from the five cost equation 

values. If )( 2tf   is minimum, the target first timestamp offset value is 2t . 

[ 0091] In S303, after the target first timestamp offset value is determined, the value 

range and the value interval of the first timestamp offset value set used for next iteration may 

be reduced according to the target first timestamp offset value, so as to improve the accuracy 

of a finally determined timestamp offset value of the vehicle-mounted sensor with respect to 

the integrated navigation device. 

[ 0092] The manner of determining a second timestamp offset value set may include 

taking two first timestamp offset values adjacent to the target first timestamp offset value as 
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the range of an updated second timestamp offset value set, and then determining the 

remaining second timestamp offset values in the equal difference interpolation manner. 

[ 0093] For example, for the case that the first timestamp offset value set is 51 ~ tt , 

when the target first timestamp offset value is 2t , 1t  and 3t  adjacent to 2t may be respectively 

used as a minimum timestamp offset value and a maximum timestamp offset value of the 

second timestamp offset value set, and then the remaining second timestamp offset values 

between 1t  and 3t  are reset, such as setting three second timestamp offset values in the equal 

difference interpolation manner. Therefore, the second timestamp offset value set still 

includes five second timestamp offset values. 

[ 0094] Alternatively, the manner of determining the second timestamp offset value set 

may also include another manner, such as taking the target first timestamp offset value of the 

last iteration as an intermediate value, respectively obtaining values from the left and right 

sides of the intermediate value according to a time interval less than the time interval used in 

the last iteration, obtaining a preset number of values as the second timestamp offset values, 

and entering the next iteration. 

[ 0095] In S304, after the second timestamp offset value set is obtained, the second 

timestamp offset value set is taken as the new first timestamp offset value set, then it is 

returned to the operation in S301 for restarting execution, i.e., determining the difference 

information between the first vehicle driving parameter information and the second vehicle 

driving parameter information at each first timestamp offset value in the new first timestamp 

offset value set, and performing the loop until the preset iterative condition is satisfied. The 

finally determined target first timestamp offset value is used as the determined timestamp 

offset value of the vehicle-mounted sensor with respect to the integrated navigation device. 

[ 0096] Herein, the timestamp offset value within a preset accuracy range is obtained 

by gradually reducing the range of the new first timestamp offset value set, and satisfying the 

preset iterative condition may mean reaching a preset number of iterations, or the cost 

equation value corresponding to the target first timestamp offset value is less than a set 

threshold, etc. 
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[ 0097] Exemplarily, referring to FG. 4c, the first timestamp offset value set is t1-t5, it 

is determined from f(t1)-f(t5) that f(t2) is minimum, and then t2 is used as the target first 

timestamp offset value obtained through the first iteration. In such case, t1 and t3 may be 

respectively used as the maximum value and the minimum value of the new first timestamp 

offset value set, so as to construct the new first timestamp offset value set: t1'-t5', wherein t1 is 

t1', t3 is t5', and t2'-t4 are new first timestamp offset values that are set in the equal difference 

interpolation manner. If f(t3') is minimum in f(t1')-f(t5'), f(t3') is used as a new target first 

timestamp offset value obtained through the second iteration. In such case, t2' and t4' may be 

continuously used as the maximum value and the minimum value of a new first timestamp 

set, so as to construct the new first timestamp offset value set, a third iteration is performed, 

and so on, until the preset iterative condition is satisfied. 

[ 0098] Through the above loop iteration process, the timestamp offset value with a 

small error and high accuracy can be obtained, thereby improving the accuracy of the 

determined calibration parameter information. 

[ 0099] After the timestamp offset value of the vehicle-mounted sensor with respect to 

the integrated navigation device is obtained, the mapping relationship between the plurality of 

first collection time points for collecting the first vehicle driving parameter information and 

the plurality of second collection time points for collecting the second vehicle driving 

parameter information may be accurately determined according to the timestamp offset value, 

and then the calibration parameter information of the vehicle-mounted sensor may be 

determined according to the mapping relationship, the first vehicle driving parameter values 

of the plurality of first collection time points in the first vehicle driving parameter 

information, and the second vehicle driving parameter values of the plurality of second 

collection time points in the second vehicle driving parameter information. As shown in FIG. 

5, the following operations in S501 and S502 are included. 

[ 00100] In S501, a first vehicle driving parameter matrix including the first vehicle 

driving parameter values and a second vehicle driving parameter matrix including the second 

vehicle driving parameter values are generated according to the determined mapping 

relationship. A position of a first vehicle driving parameter value of a first collection time 

point in the first vehicle driving parameter matrix is the same as that of a second vehicle 
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driving parameter value of a second collection time point, which has a mapping relationship 

with the first collection time point, in the second vehicle driving parameter matrix. 

[ 00101] The first collection time point may be any one of the plurality of first 

collection time points. 

[ 00102] In S502, a matrix equation is generated by taking a calibration parameter 

matrix as a variable, and the first vehicle driving parameter matrix and the second vehicle 

driving parameter matrix as known quantities, a least square method is used to solve the 

matrix equation to obtain the calibration parameter matrix, and the obtained calibration 

parameter matrix is determined as the calibration parameter information. 

[ 00103] Because the first vehicle driving parameter information includes the first 

vehicle driving parameter values collected at the plurality of first collection time points, and 

the second vehicle driving parameter information also includes the second vehicle driving 

parameters collected at the plurality of second collection time points, the calibration 

parameter information may be determined according to the plurality of first vehicle driving 

parameter values in the first vehicle driving parameter information and the plurality of second 

vehicle driving parameter values in the second vehicle driving parameter information. 

[ 00104] In some embodiments, through the determined mapping relationship between 

the plurality of first collection time points for collecting the first vehicle driving parameter 

information and the plurality of second collection time points for collecting the second vehicle 

driving parameter information, the first vehicle driving parameter values of the first collection 

time points may correspond to the second vehicle driving parameter values of the second 

collection time points having the mapping relationship, so as to obtain the first vehicle driving 

parameter matrix and the second vehicle driving parameter matrix. The position of the first 

vehicle driving parameter value of the first collection time point in the first vehicle driving 

parameter matrix is the same as that of the second vehicle driving parameter value of the 

second collection time point, which has the mapping relationship with the first collection time 

point, in the second vehicle driving parameter matrix. Then, the calibration parameter matrix 

consisting of unknown calibration parameter information that needs to be determined is taken 

as the variable, and the first vehicle driving parameter matrix and the second vehicle driving 

parameter matrix are taken as the known quantities, so as to generate the matrix equation. The 
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matrix equation is solved according to the least square method, i.e., the calibration parameter 

information may be determined. 

[ 00105] In the specific implementation, before the matrix equation is generated, a 

preset vehicle driving parameter information output model formula (3) is first introduced. 

[ 00106] bxax go  *                               (3) 

[ 00107] In the formula, ox  represents a first vehicle driving parameter value outputted 

by the vehicle-mounted sensor at one first collection time point, gx  represents a second 

vehicle driving parameter value outputted by the integrated navigation device at the second 

collection time point having the mapping relationship with the first collection time point, a 

represents a scale in the calibration parameter information, and b represents an offset in the 

calibration parameter information. 

[ 00108] The matrix equation is constructed according to the formula (3), so as to obtain 

the following formula (4). 

[ 00109] Xgo CXX                                (4) 

[ 00110] In the formula, oX  represents the first vehicle driving parameter matrix 

consisting of the first vehicle driving parameter values outputted by the vehicle-mounted 

sensor, gX  represents the second vehicle driving parameter matrix consisting of the second 

vehicle driving parameter values outputted by the integrated navigation device, and XC  

represents the calibration parameter matrix of the vehicle-mounted sensor. 

[ 00111] When the first vehicle driving parameter matrix and the second vehicle driving 

parameter matrix are known quantities, as long as the number of the first vehicle driving 

parameter values in the first vehicle driving parameter information and the number of the 

second vehicle driving parameter values in the second vehicle driving parameter information 

are sufficient, an accurate calibration parameter matrix can be determined, i.e., the calibration 

parameter information of the vehicle-mounted sensor is obtained. 
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[ 00112] The embodiments of the disclosure construct the matrix equation and use the 

least square method to obtain an optimal solution of the calibration parameter matrix, thereby 

obtaining the calibration parameter information with a high accuracy. 

[ 00113] The type of the vehicle driving parameter information in the embodiments of 

the disclosure is not limited to one type. Different types of vehicle driving parameter 

information may be uniformly calibrated according to the calibration method provided by the 

embodiments of the disclosure. 

[ 00114] In some embodiments, in S502, the implementation of generating the matrix 

equation by taking the calibration parameter matrix as the variable, and the first vehicle 

driving parameter matrix and the second vehicle driving parameter matrix as known 

quantities, solving the matrix equation by using the least square method may include the 

following several cases. 

[ 00115] (1) A linear velocity calibration parameter matrix is taken as a variable, and a 

first linear velocity matrix in the first vehicle driving parameter information and a second 

linear velocity matrix in the second vehicle driving parameter information are taken as known 

quantities to generate the matrix equation, and the least square method is used to solve the 

matrix equation to obtain the linear velocity calibration parameter matrix. 

[ 00116] (2) An angular velocity calibration parameter matrix is taken as a variable, and 

a first angular velocity matrix in the first vehicle driving parameter information and a second 

angular velocity matrix in the second vehicle driving parameter information are taken as 

known quantities to generate the matrix equation, and the least square method is used to solve 

the matrix equation to obtain the angular velocity calibration parameter matrix. 

[ 00117] (3) The linear velocity calibration parameter matrix is taken as the variable, 

and the first linear velocity matrix in the first vehicle driving parameter information and the 

second linear velocity matrix in the second vehicle driving parameter information are taken as 

the known quantities to generate the matrix equation, and the least square method is used to 

obtain the linear velocity calibration parameter matrix, and the angular velocity calibration 

parameter matrix is taken as the variable, and the first angular velocity matrix in the first 

vehicle driving parameter information and the second angular velocity matrix in the second 
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vehicle driving parameter information are taken as the known quantities to generate the matrix 

equation, and the least square method is used to solve the matrix equation to obtain the 

angular velocity calibration parameter matrix. 

[ 00118] For the case (1), the first vehicle driving parameter information includes first 

vehicle linear velocity values collected by the vehicle-mounted sensor at the plurality of first 

collection time points, and the second vehicle driving parameter information includes second 

vehicle linear velocity values collected by the integrated navigation device at the plurality of 

second collection time points. In this case, the vehicle driving parameter information output 

model is a vehicle linear velocity value output model, as shown in the following formula (5). 

[ 00119] bvav go  *                               (5) 

[ 00120] In the formula, ov  represents a first linear velocity value outputted by the 

vehicle-mounted sensor at any one first collection time point, gv  represents a second linear 

velocity value outputted by the integrated navigation device at the second collection time 

point having the mapping relationship with the first collection time point, a represents a scale 

in the calibration parameter information, and b represents the offset in the calibration 

parameter information. 

[ 00121] Correspondingly, the matrix equation is constructed according to the formula 

(5), to obtain the following formula (6). 

[ 00122] Vgo CVV                                  (6) 

[ 00123] In the formula, oV  represents a matrix consisting of first linear velocity values 

outputted by the vehicle-mounted sensor at the plurality of first collection time points, gV  

represents a matrix consisting of second linear velocity values outputted by the integrated 

navigation device at the second collection time points corresponding to the plurality of first 

collection time points, and VC  represents the calibration parameter matrix of the vehicle-

mounted sensor about the linear velocity values. 
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[ 00124] For example, linear velocity values outputted by the vehicle-mounted sensor at 

three first collection time points are respectively recorded as 1ov , 2ov , and 3ov , linear velocity 

values outputted by the integrated navigation device at three second collection time points 

having the mapping relationships with the three first collection time points are respectively 

recorded 1gv , 2gv , and 3gv , and VC  includes a and b, then the generated matrix equation may 

be represented by the following formula (7). 
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[ 00126] In the formula (7), 1ov , 2ov , and 3ov , as well as 1gv , 2gv , and 3gv  are known 

quantities, and a and b are unknown quantities. The calibration parameter information a and b 

may be solved according to the least square method, i.e., the calibration parameter matrix of 

the vehicle-mounted sensor about the linear velocity values may be determined. 

[ 00127] For the case (2), the first vehicle driving parameter information includes first 

vehicle angular velocity values collected by the vehicle-mounted sensor at the plurality of first 

collection time points, and the second vehicle driving parameter information includes second 

vehicle angular velocity values collected by the integrated navigation device at the plurality of 

second collection time points. In this case, the vehicle driving parameter information output 

model is a vehicle angular velocity value output model, as shown in the following formula 

(8). 

[ 00128] bwaw go  *                               (8) 

[ 00129] In the formula, ow  represents a first angular velocity value outputted by the 

vehicle-mounted sensor at any one first collection time point, gw  represents a second angular 

velocity value outputted by the integrated navigation device at the second collection time 

point having the mapping relationship with the first collection time point, a represents a scale 

in the calibration parameter information, and b represents an offset in the calibration 

parameter information. 
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[ 00130] Correspondingly, the matrix equation is constructed according to the formula 

(8), to obtain the following formula (9). 

[ 00131] Wgo CWW                                (9) 

[ 00132] In the formula, oW  represents a matrix consisting of first angular velocity 

values outputted by the vehicle-mounted sensor at the plurality of first collection time points, 

gW  represents a matrix consisting of second angular velocity values outputted by the 

integrated navigation device at the second collection time points corresponding to the 

plurality of first collection time points, and WC  represents the calibration parameter matrix of 

the vehicle-mounted sensor about the angular velocity values. 

[ 00133] For example, angular velocity values outputted by the vehicle-mounted sensor 

at three first collection time points are respectively recorded as 1ow , 2ow , and 3ow , angular 

velocity values outputted by the integrated navigation device at three second collection time 

points having the mapping relationships with the three first collection time points are 

respectively recorded 1gw , 2gw , and 3gw , and WC  includes a and b, then the generated matrix 

equation may be represented by the following formula (10). 
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[ 00135] In the formula (10), 1ow , 2ow , and 3ow , as well as 1gw , 2gw , and 3gw  are 

known quantities, and a and b are unknown quantities. The calibration parameter information 

a and b may be solved according to the least square method, i.e., the calibration parameter 

matrix of the vehicle-mounted sensor about the angular velocity values may be determined. 

[ 00136] For the case (3), the vehicle-mounted sensor integrated with an angular 

velocity sensor and a linear velocity sensor may simultaneously collect the linear velocity 

values and the angular velocity values during driving of the target vehicle, and the integrated 

navigation device may also simultaneously collect the linear velocity values and the angular 

velocity values during driving of the target vehicle. Therefore, the calibration parameter 
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information of the vehicle-mounted sensor about the linear velocity values and the calibration 

parameter information of the vehicle-mounted sensor about the angular velocity values can be 

simultaneously determined, i.e., different types of data are calibrated once. 

[ 00137] The embodiments of the disclosure may determine the calibration parameter 

information of the vehicle-mounted sensor about the linear velocity values, and may also 

determine the calibration parameter information of the vehicle-mounted sensor about the 

angular velocity values. In addition, the calibration parameter information of the vehicle-

mounted sensor about the linear velocity values and the calibration parameter information of 

the vehicle-mounted sensor about the angular velocity values may be further simultaneously 

determined, i.e., different types of sensor parameters are calibrated once. 

[ 00138] By using the vehicle driving parameter information outputted by the integrated 

navigation device to calibrate the vehicle driving parameter information of the vehicle-

mounted sensor, the embodiments of the disclosure have no special requirement for a 

calibration place, and do not require the vehicle to travel according to a specific travel 

trajectory, thereby simplifying the calibration process of the vehicle-mounted sensor and 

improving the calibration efficiency. In addition, it is not required to consider an error caused 

by mismatch of the travel trajectory of the vehicle and a set trajectory, thereby further 

improving the accuracy of the calibration result. 

[ 00139] Those skilled in the art may understand that, in the above methods of the 

specific implementations, the writing order of the operations does not imply a strict execution 

order and constitute any limitation to the implementation process, and the execution order of 

each operation should be determined by its functions and a possible internal logic thereof. 

[ 00140] Based on the same technical concept, the embodiments of the disclosure 

further provide a calibration apparatus corresponding to the calibration method. The 

principles of the apparatus to solve the problem in the embodiments of the disclosure are 

similar to those of the calibration method in the embodiments of the disclosure, and thus the 

implementation of the apparatus may make reference to the implementation of the method. 

Details are not described herein again. 
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[ 00141] As shown in FIG. 6, the embodiments of the disclosure provide a calibration 

apparatus 600, including an obtaining portion 601 and a determining portion 602. 

[ 00142] The obtaining portion 601 is configured to obtain first vehicle driving 

parameter information outputted by a vehicle-mounted sensor and second vehicle driving 

parameter information outputted by an integrated navigation device during driving of a target 

vehicle. The first vehicle driving parameter information and the second vehicle driving 

parameter information respectively include vehicle driving parameter values collected at 

different collection time points. 

[ 00143] The determining portion 602 is configured to determine calibration parameter 

information of the vehicle-mounted sensor according to first vehicle driving parameter values 

of a plurality of first collection time points in the first vehicle driving parameter information, 

and second vehicle driving parameter values of a plurality of second collection time points in 

the second vehicle driving parameter information. 

[ 00144] In one possible implementation, the determining portion 602 is further 

configured to: 

[ 00145] determine a timestamp offset value of the vehicle-mounted sensor with respect 

to the integrated navigation device according to the first vehicle driving parameter values of 

the plurality of first collection time points in the first vehicle driving parameter information 

and the second vehicle driving parameter values of the plurality of second collection time 

points in the second vehicle driving parameter information; 

[ 00146] determine a mapping relationship between the plurality of first collection time 

points for collecting the first vehicle driving parameter information and the plurality of second 

collection time points for collecting the second vehicle driving parameter information 

according to the determined timestamp offset value, wherein a difference value between the 

first collection time point and the second collection time point having a mapping relationship 

with the first collection time point is equal to the timestamp offset value; and 

[ 00147] determine the calibration parameter information of the vehicle-mounted sensor 

according to the determined mapping relationship, the first vehicle driving parameter values 

of the plurality of first collection time points in the first vehicle driving parameter 
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information, and the second vehicle driving parameter values of the plurality of second 

collection time points in the second vehicle driving parameter information. 

[ 00148] In one possible implementation, the determining portion 602 is further 

configured to: 

[ 00149] generate, according to the determined mapping relationship, a first vehicle 

driving parameter matrix including the first vehicle driving parameter values and a second 

vehicle driving parameter matrix including the second vehicle driving parameter values, a 

position of a first vehicle driving parameter value of a first collection time point in the first 

vehicle driving parameter matrix being the same as that of a second vehicle driving parameter 

value of a second collection time point, which has a mapping relationship with the first 

collection time point, in the second vehicle driving parameter matrix; and 

[ 00150] generate a matrix equation by taking a calibration parameter matrix as a 

variable, and the first vehicle driving parameter matrix and the second vehicle driving 

parameter matrix as known quantities, solve the matrix equation by using a least square 

method to obtain the calibration parameter matrix, and determine the obtained calibration 

parameter matrix as the calibration parameter information. 

[ 00151] In one possible implementation, the determining portion 602 is further 

configured to generate the matrix equation by taking a linear velocity calibration parameter 

matrix as a variable, and a first linear velocity matrix in the first vehicle driving parameter 

information and a second linear velocity matrix in the second vehicle driving parameter 

information as known quantities, and solve the matrix equation by using the least square 

method to obtain the linear velocity calibration parameter matrix. 

[ 00152] In one possible implementation, the determining portion 602 is further 

configured to generate the matrix equation by taking an angular velocity calibration parameter 

matrix as a variable, and a first angular velocity matrix in the first vehicle driving parameter 

information and a second angular velocity matrix in the second vehicle driving parameter 

information as known quantities, and solve the matrix equation by using the least square 

method to obtain the angular velocity calibration parameter matrix. 
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[ 00153] In one possible implementation, the determining portion 602 is further 

configured to: 

[ 00154] determine, according to a preset first timestamp offset value set, the first 

vehicle driving parameter value of each first collection time point in the first vehicle driving 

parameter information, and the second vehicle driving parameter value of each second 

collection time point in the second vehicle driving parameter information, difference 

information between the first vehicle driving parameter information and the second vehicle 

driving parameter information at each first timestamp offset value in the first timestamp offset 

value set, an interval between adjacent first timestamp offset values in the first timestamp 

offset value set being a first preset time length; 

[ 00155] select a target first timestamp offset value that minimizes a difference between 

the first vehicle driving parameter information and the second vehicle driving parameter 

information from the first timestamp offset value set according to the difference information; 

[ 00156] determine a second timestamp offset value set according to the target first 

timestamp offset value, an intermediate value of a timestamp offset range corresponding to 

the second timestamp offset value set being the target first timestamp offset value, an interval 

between adjacent second timestamp offset values being a second preset time length, and the 

second preset time length being less than the first preset time length; and 

[ 00157] take the second timestamp offset value set as a new first timestamp offset value 

set, return to execute the operation of determining the difference information between the first 

vehicle driving parameter information and the second vehicle driving parameter information 

at each first timestamp offset value in the first timestamp offset value set until a preset 

iterative condition is satisfied, and use a finally obtained target first timestamp offset value as 

the determined timestamp offset value of the vehicle-mounted sensor with respect to the 

integrated navigation device. 

[ 00158] In one possible implementation, the determining portion 602 is further 

configured to: 

[ 00159] for each first timestamp offset value, determine second collection time points 

that differ from respective first collection time points by the first timestamp offset value; 
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[ 00160] calculate a difference value between the vehicle driving parameter value of 

each of the plurality of first collection time points in the first vehicle driving parameter 

information and the vehicle driving parameter value of the corresponding second collection 

time point in the second vehicle driving parameter information; and 

[ 00161] determine, according to the calculated difference values, a cost equation value 

corresponding to the first timestamp offset value, and determine the cost equation value as the 

difference information. 

[ 00162] In the embodiments of the disclosure and other embodiments, "portion" may 

refer to a portion of a circuit, a portion of a processor, a portion of a program or software, etc., 

of course, may also refer to a unit, and may also be a module or non-modular.  

[ 00163] In some embodiments, the apparatus provided by the embodiments of the 

disclosure has the functions or includes the modules for implementing the method described 

in the foregoing method embodiments, the specific implementation of which may make 

reference to the description in the method embodiments. For the purpose of brevity, details 

are not described herein again. 

[ 00164] The embodiments of the disclosure further provide an electronic device 700. 

FIG. 7 is a schematic structural diagram of an electronic device provided by an embodiment 

of the disclosure, including a processor 701, a memory 702, and a bus 703. The memory 702 

is configured to store an executable instruction, and includes an internal memory 7021 and an 

external memory 7022. The internal memory 7021 herein is also referred to as an internal 

memory, and is configured to temporarily store processing data in the processor 701 and data 

exchanged with the external memory 7022 such as a hard disk. The processor 701 exchanges 

data with the external memory 7022 through the internal memory 7021. When the electronic 

device 700 runs, the processor 701 communicates with the memory 702 through the bus 703, 

so that the processor 701 executes the following instructions: obtaining first vehicle driving 

parameter information outputted by a vehicle-mounted sensor and second vehicle driving 

parameter information outputted by an integrated navigation device during driving of a target 

vehicle, the first vehicle driving parameter information and the second vehicle driving 

parameter information respectively including vehicle driving parameter values collected at 

different collection time points; and determining the calibration parameter information of the 
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vehicle-mounted sensor according to the first vehicle driving parameter values of the plurality 

of first collection time points in the first vehicle driving parameter information, and the 

second vehicle driving parameter values of the plurality of second collection time points in 

the second vehicle driving parameter information. 

[ 00165] The embodiments of the disclosure further provide a computer readable 

storage medium. The computer readable storage medium stores a computer program, and 

when the computer program is run by a processor, the operations of the calibration method in 

the foregoing method embodiments are implemented. 

[ 00166] A computer program product for the calibration method provided by the 

embodiments of the disclosure includes a computer readable storage medium that stores a 

program code. An instruction included in the program code may be configured to implement 

the operations of the calibration method in the foregoing method embodiments. Reference 

may be made to the foregoing method embodiments, which are not elaborated herein. 

[ 00167] Those skilled in the art can clearly understand that specific working processes 

of the system and device described above may refer to the corresponding processes in the 

method embodiments and will not be elaborated herein for convenient and brief description. It 

is to be understood that the disclosed system, device and method may be implemented in 

another manner. The device embodiment described above is only schematic, and for example, 

division of the units is only logic function division, and other division manners may be 

adopted during practical implementation. For example, multiple units or components may be 

combined or integrated into another system, or some characteristics may be neglected or not 

executed. In addition, coupling or direct coupling or communication connection between each 

displayed or discussed component may be indirect coupling or communication connection, 

implemented through some interfaces, of the device or the units, and may be electrical and 

mechanical or adopt other forms. 

[ 00168] The units described as separate parts may or may not be physically separated, 

and the parts displayed as units may or may not be physical units, may be located in the same 

place, or may also be distributed to multiple network units. Part or all of the units may be 

selected to achieve the purpose of the solutions of the embodiments according to a practical 

requirement. 
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[ 00169] In addition, each functional unit in each embodiment of the disclosure may be 

integrated into a processing unit, each unit may also physically exist independently, and two 

or more than two units may also be integrated into a unit. 

[ 00170] When being realized in form of software functional unit and sold or used as an 

independent product, the function may also be stored in a nonvolatile computer-readable 

storage medium executable by a processor. Based on such an understanding, the technical 

solutions of the disclosure substantially or parts making contributions to the conventional art 

or part of the technical solutions may be embodied in form of software product, and the 

computer software product is stored in a storage medium, including a plurality of instructions 

configured to enable a computer device (which may be a personal computer, a server, a 

network device or the like) to execute all or part of the operations of the method in each 

embodiment of the disclosure. The abovementioned 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 floppy disk, and an optical disc. 

[ 00171] Finally, it should be noted that, the above embodiments are only the specific 

implementation modes of the disclosure and intended to describing the technical solutions of 

the disclosure, not limit the scope of protection of the disclosure. Although the disclosure is 

described in detail with reference to the above embodiments, it is to be understood by those of 

ordinary skill in the art that any person skilled in the art may modify or easily conceive to 

change the technical solutions described in the above embodiments, or make equivalent 

replacements to part of the technical features within the technical scope disclosed by the 

disclosure. Such modifications, changes, or replacements do not make the essence of the 

corresponding technical solutions depart from the spirit and scope of the technical solutions of 

the embodiments of the disclosure, and should fall within the scope of protection of the 

disclosure. Therefore, the scope of protection of the disclosure shall be subject to the scope of 

protection of the claims. 

[ 00172] Industrial applicability 

[ 00173] In the embodiments of the disclosure, the vehicle driving parameter 

information outputted by an integrated navigation device can be used to calibrate the vehicle 

driving parameter information of a vehicle-mounted sensor, and thus, the embodiments of the 
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disclosure have no special requirement for a calibration place, and do not require a vehicle to 

travel according to a specific travel trajectory, thereby simplifying the calibration process of 

the vehicle-mounted sensor and improving calibration efficiency. In addition, it is not 

required to consider an error caused by the mismatch of the travel trajectory of the vehicle and 

a set trajectory, thereby further improving the accuracy of the calibration result. 
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CLAIMS 

 

1. A calibration method, comprising: 

obtaining first vehicle driving parameter information outputted by a vehicle-mounted 

sensor and second vehicle driving parameter information outputted by an integrated 

navigation device during driving of a target vehicle; and 

determining calibration parameter information of the vehicle-mounted sensor 

according to first vehicle driving parameter values of a plurality of first collection time points 

in the first vehicle driving parameter information and second vehicle driving parameter values 

of a plurality of second collection time points in the second vehicle driving parameter 

information. 

 

2. The calibration method of claim 1, wherein determining the calibration parameter 

information of the vehicle-mounted sensor according to first vehicle driving parameter values 

of the plurality of first collection time points in the first vehicle driving parameter information 

and second vehicle driving parameter values of the plurality of second collection time points 

in the second vehicle driving parameter information comprises: 

determining a timestamp offset value of the vehicle-mounted sensor with respect to 

the integrated navigation device according to the first vehicle driving parameter values of the 

plurality of first collection time points in the first vehicle driving parameter information and 

the second vehicle driving parameter values of the plurality of second collection time points 

in the second vehicle driving parameter information; 

determining, according to the determined timestamp offset value, a mapping 

relationship between the plurality of first collection time points for collecting the first vehicle 

driving parameter information and the plurality of second collection time points for collecting 

the second vehicle driving parameter information; and 

determining the calibration parameter information of the vehicle-mounted sensor 
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according to the determined mapping relationship, the first vehicle driving parameter values 

of the plurality of first collection time points in the first vehicle driving parameter 

information, and the second vehicle driving parameter values of the plurality of second 

collection time points in the second vehicle driving parameter information. 

 

3. The calibration method of claim 2, wherein determining the calibration parameter 

information of the vehicle-mounted sensor according to the determined mapping relationship, 

the first vehicle driving parameter values of the plurality of first collection time points in the 

first vehicle driving parameter information and the second vehicle driving parameter values of 

the plurality of second collection time points in the second vehicle driving parameter 

information comprises: 

generating, according to the determined mapping relationship, a first vehicle driving 

parameter matrix comprising the first vehicle driving parameter values and a second vehicle 

driving parameter matrix comprising the second vehicle driving parameter values, wherein a 

position of a first vehicle driving parameter value of a first collection time point in the first 

vehicle driving parameter matrix is the same as that of a second vehicle driving parameter 

value of a second collection time point having a mapping relationship with the first collection 

time point in the second vehicle driving parameter matrix; and 

generating a matrix equation by taking a calibration parameter matrix as a variable, 

and the first vehicle driving parameter matrix and the second vehicle driving parameter matrix 

as known quantities, solving the matrix equation by using a least square method to obtain the 

calibration parameter matrix, and determining the obtained calibration parameter matrix as the 

calibration parameter information. 

 

4. The calibration method of claim 3, wherein generating the matrix equation by taking the 

calibration parameter matrix as a variable, and the first vehicle driving parameter matrix and 

the second vehicle driving parameter matrix as known quantities, solving the matrix equation 

by using the least square method to obtain the calibration parameter matrix comprises: 

generating the matrix equation by taking a linear velocity calibration parameter matrix 
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as a variable, and a first linear velocity matrix in the first vehicle driving parameter 

information and a second linear velocity matrix in the second vehicle driving parameter 

information as known quantities, and solving the matrix equation by using the least square 

method to obtain the linear velocity calibration parameter matrix. 

 

5. The calibration method of claim 3 or 4, wherein generating the matrix equation by taking 

the calibration parameter matrix as a variable, and the first vehicle driving parameter matrix 

and the second vehicle driving parameter matrix as known quantities, solving the matrix 

equation by using the least square method to obtain the calibration parameter matrix 

comprises: 

generating the matrix equation by taking an angular velocity calibration parameter 

matrix as a variable, and a first angular velocity matrix in the first vehicle driving parameter 

information and a second angular velocity matrix in the second vehicle driving parameter 

information as known quantities, and solving the matrix equation by using the least square 

method to obtain the angular velocity calibration parameter matrix. 

 

6. The calibration method of claim 2, wherein determining the timestamp offset value of the 

vehicle-mounted sensor with respect to the integrated navigation device according to the first 

vehicle driving parameter values of the plurality of first collection time points in the first 

vehicle driving parameter information and the second vehicle driving parameter values of the 

plurality of second collection time points in the second vehicle driving parameter information 

comprises: 

determining difference information between the first vehicle driving parameter 

information and the second vehicle driving parameter information at each first timestamp 

offset value of a preset first timestamp offset value set according to the first timestamp offset 

value set, the first vehicle driving parameter value of each first collection time point in the 

first vehicle driving parameter information, and the second vehicle driving parameter value of 

each second collection time point in the second vehicle driving parameter information, 

wherein an interval between adjacent first timestamp offset values in the first timestamp offset 
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value set is a first preset time length; 

selecting a target first timestamp offset value that minimizes a difference between the 

first vehicle driving parameter information and the second vehicle driving parameter 

information from the first timestamp offset value set according to the difference information; 

determining a second timestamp offset value set according to the target first timestamp 

offset value, wherein an intermediate value of a timestamp offset range corresponding to the 

second timestamp offset value set is the target first timestamp offset value, an interval 

between adjacent second timestamp offset values is a second preset time length, and the 

second preset time length is less than the first preset time length; and 

taking the second timestamp offset value set as a new first timestamp offset value set, 

returning to determine the difference information between the first vehicle driving parameter 

information and the second vehicle driving parameter information at each first timestamp 

offset value of the first timestamp offset value set until a preset iterative condition is satisfied, 

and using a finally obtained target first timestamp offset value as the determined timestamp 

offset value of the vehicle-mounted sensor with respect to the integrated navigation device. 

 

7. The calibration method of claim 6, wherein determining the difference information between 

the first vehicle driving parameter information and the second vehicle driving parameter 

information at each first timestamp offset value of the first timestamp offset value set 

comprises: 

for each first timestamp offset value, determining second collection time points that 

differ from respective first collection time points by the first timestamp offset value; 

calculating a difference value between a vehicle driving parameter value of each of the 

plurality of first collection time points in the first vehicle driving parameter information and a 

vehicle driving parameter value of a corresponding second collection time point in the second 

vehicle driving parameter information; and 

determining, according to the calculated difference values, a cost equation value 

corresponding to the first timestamp offset value, and determining the cost equation value as 
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the difference information. 

 

8. A calibration apparatus, comprising: 

an obtaining portion, configured to obtain first vehicle driving parameter information 

outputted by a vehicle-mounted sensor and second vehicle driving parameter information 

outputted by an integrated navigation device during driving of a target vehicle; and 

a determining portion, configured to determine calibration parameter information of 

the vehicle-mounted sensor according to first vehicle driving parameter values of a plurality 

of first collection time points in the first vehicle driving parameter information and second 

vehicle driving parameter values of a plurality of second collection time points in the second 

vehicle driving parameter information. 

 

9. The calibration apparatus of claim 8, wherein the determining portion is further configured 

to: 

determine a timestamp offset value of the vehicle-mounted sensor with respect to the 

integrated navigation device according to the first vehicle driving parameter values of the 

plurality of first collection time points in the first vehicle driving parameter information and 

the second vehicle driving parameter values of the plurality of second collection time points 

in the second vehicle driving parameter information; 

determine, according to the determined timestamp offset value, a mapping relationship 

between the plurality of first collection time points for collecting the first vehicle driving 

parameter information and the plurality of second collection time points for collecting the 

second vehicle driving parameter information; and 

determine the calibration parameter information of the vehicle-mounted sensor 

according to the determined mapping relationship, the first vehicle driving parameter values 

of the plurality of first collection time points in the first vehicle driving parameter 

information, and the second vehicle driving parameter values of the plurality of second 
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collection time points in the second vehicle driving parameter information. 

 

10. The calibration apparatus of claim 9, wherein the determining portion is further 

configured to: 

generate, according to the determined mapping relationship, a first vehicle driving 

parameter matrix comprising the first vehicle driving parameter values and a second vehicle 

driving parameter matrix comprising the second vehicle driving parameter values, wherein a 

position of a first vehicle driving parameter value of a first collection time point in the first 

vehicle driving parameter matrix is the same as that of a second vehicle driving parameter 

value of a second collection time point having a mapping relationship with the first collection 

time point in the second vehicle driving parameter matrix; and 

generate a matrix equation by taking a calibration parameter matrix as a variable, and 

the first vehicle driving parameter matrix and the second vehicle driving parameter matrix as 

known quantities, solve the matrix equation by using a least square method to obtain the 

calibration parameter matrix, and determine the obtained calibration parameter matrix as the 

calibration parameter information. 

 

11. The calibration apparatus of claim 10, wherein the determining portion is further 

configured to: 

generate the matrix equation by taking a linear velocity calibration parameter matrix 

as a variable, and a first linear velocity matrix in the first vehicle driving parameter 

information and a second linear velocity matrix in the second vehicle driving parameter 

information as known quantities, and solve the matrix equation by using the least square 

method to obtain the linear velocity calibration parameter matrix. 

 

12. The calibration apparatus of claim 10 or 11, wherein the determining portion is further 

configured to: 
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generate the matrix equation by taking an angular velocity calibration parameter 

matrix as a variable, and a first angular velocity matrix in the first vehicle driving parameter 

information and a second angular velocity matrix in the second vehicle driving parameter 

information as known quantities, and solve the matrix equation by using the least square 

method to obtain the angular velocity calibration parameter matrix. 

 

13. The calibration apparatus of claim 9, wherein the determining portion is further 

configured to: 

determine difference information between the first vehicle driving parameter 

information and the second vehicle driving parameter information at each first timestamp 

offset value of a preset first timestamp offset value set according to the first timestamp offset 

value set, the first vehicle driving parameter value of each first collection time point in the 

first vehicle driving parameter information, and the second vehicle driving parameter value of 

each second collection time point in the second vehicle driving parameter information, 

wherein an interval between adjacent first timestamp offset values in the first timestamp offset 

value set is a first preset time length; 

select a target first timestamp offset value that minimizes a difference between the first 

vehicle driving parameter information and the second vehicle driving parameter information 

from the first timestamp offset value set according to the difference information; 

determine a second timestamp offset value set according to the target first timestamp 

offset value, wherein an intermediate value of a timestamp offset range corresponding to the 

second timestamp offset value set is the target first timestamp offset value, an interval 

between adjacent second timestamp offset values is a second preset time length, and the 

second preset time length is less than the first preset time length; and 

take the second timestamp offset value set as a new first timestamp offset value set, 

return to determine the difference information between the first vehicle driving parameter 

information and the second vehicle driving parameter information at each first timestamp 

offset value of the first timestamp offset value set until a preset iterative condition is satisfied, 

and use a finally obtained target first timestamp offset value as the determined timestamp 
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offset value of the vehicle-mounted sensor with respect to the integrated navigation device. 

 

14. The calibration apparatus of claim 13, wherein the determining portion is further 

configured to: 

for each first timestamp offset value, determine second collection time points that 

differ from respective first collection time points by the first timestamp offset value; 

calculate a difference value between a vehicle driving parameter value of each of the 

plurality of first collection time points in the first vehicle driving parameter information and a 

vehicle driving parameter value of a corresponding second collection time point in the second 

vehicle driving parameter information; and 

determine, according to the calculated difference values, a cost equation value 

corresponding to the first timestamp offset value, and determine the cost equation value as the 

difference information. 

 

15. An electronic device, comprising a processor, a memory for storing machine readable 

instructions executable by the processor, and a bus, wherein the processor communicates with 

the memory through the bus when the electronic device runs, and the machine readable 

instructions are executed by the processor to implement the method of any one of claims 1-7. 

 

16. A computer readable storage medium, having a computer program stored thereon, wherein 

the computer program is run by a processor to implement the method of any one of claims 1-

7. 

 

17. A computer program, comprising a computer readable code, wherein the computer 

readable code runs in a computer device to enable a processor in the computer device to 

implement the calibration method of any one of claims 1-7 


