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CALIBRATION METHOD AND APPARATUS, PROCESSOR, 

ELECTRONIC DEVICE, AND STORAGE MEDIUM 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The application is based on and claims priority to Chinese Patent Application 

No. 201911420020.3 filed on December 31, 2019, the contents of which are hereby 

incorporated herein by reference in its entirety. 

 

TECHNICAL FIELD 

[0002] The disclosure relates to the technical field of computers, in particular to a 

calibration method and apparatus, a processor, an electronic device, and a storage medium. 

 

BACKGROUND 

[0003] Various specific functions may be realized based on data acquired by a 

imaging device and data acquired by an inertial sensor. Due to pose deviation between the 

imaging device and the inertial sensor, or sampling time deviation between the imaging 

device and the inertial sensor, the effect based on the specific function realized by the 

imaging device and the inertial sensor is not good. Therefore it is of great importance on how 

to determine time-space deviation (including at least one of the pose deviation or the 

sampling time deviation) between the imaging device and the inertial sensor. 

 

SUMMARY 

[0004] Embodiments of the disclosure provide a calibration method and apparatus, a 

processor, an electronic device, and a storage medium. 

[0005] According to a first aspect, an embodiment of the disclosure provides a 
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calibration method including the following operations. At least two poses of an imaging 

device are acquired, and at least two pieces of first sampling data of an inertial sensor are 

acquired. Spline fitting process is performed on the at least two poses to obtain a first spline 

curve, and spline fitting process is performed on the at least two pieces of first sampling data 

to obtain a second spline curve. Time-space deviation between the imaging device and the 

inertial sensor is obtained according to the first spline curve and the second spline curve, the 

time-space deviation includes at least one of a pose conversion relationship or a sampling 

time offset. 

[0006] In the embodiment of the disclosure, spline fitting process is performed on the 

at least two poses of the imaging device to obtain the first spline curve, and spline fitting 

process is performed on the first sampling data of the inertial sensor to obtain the second 

spline curve, and at least one of the pose conversion relationship or the sampling time offset 

deviation between the imaging device and the inertial sensor is determined according to the 

first spline curve and the second spline curve, so that the accuracy of at least one of the 

obtained pose conversion relationship or the sampling time offset between the imaging device 

and the inertial sensor may be improved. 

[0007] In combination with any one of the embodiments of the disclosure, the 

time-space deviation includes the pose conversion relationship; the method further includes 

the following operations before obtaining the time-space deviation between the imaging 

device and the inertial sensor according to the first spline curve and the second spline curve. 

A preset reference pose conversion relationship is acquired; and the second spline curve is 

converted according to the reference pose conversion relationship to obtain a third spline 

curve; 

[0008] obtaining the time-space deviation between the imaging device and the inertial 

sensor according to the first spline curve and the second spline curve includes the following 

operations. A first difference is obtained according to the first spline curve and the third 

spline curve; and the reference pose conversion relationship is determined as the pose 

conversion relationship between the imaging device and the inertial sensor in a case that the 

first difference is less than or equal to a first threshold. 

[0009] In the embodiment of the disclosure, the first spline curve is converted based 
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on the reference pose conversion relationship to obtain the third spline curve; since both the 

first spline curve and the third spline curve are continuous function curves, it is determined 

whether the reference pose conversion relationship is the pose conversion relationship 

between the imaging device and the inertial sensor according to the difference between the 

first spline curve and the third spline curve, so that the accuracy of the obtained pose 

conversion relationship between the imaging device and the inertial sensor may be improved. 

[0010] In combination with any one of the embodiments of the disclosure, the 

time-space deviation further includes the sampling time offset; each point in the first spline 

curve carries time stamp information; the method further includes the following operations 

before determining the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor in the case that the first 

difference is less than or equal to the first threshold. A preset first time offset is acquired; and 

time stamp of a point in the third spline curve and the first time offset are added to obtain a 

fourth spline curve; 

[0011] obtaining the first difference according to the first spline curve and the third 

spline curve includes the following operations. The first difference is obtained according to 

the fourth spline curve and the first spline curve; 

[0012] the determining the reference pose conversion relationship as the pose 

conversion relationship between the imaging device and the inertial sensor in the case that the 

first difference is less than or equal to the first threshold includes the following operations. 

The reference pose conversion relationship is determined as the pose conversion relationship 

between the imaging device and the inertial sensor, and the first time offset is determined as 

the sampling time offset between the imaging device and the inertial sensor, in the case that 

the first difference is less than or equal to the first threshold. 

[0013] In the embodiment of the disclosure, the time stamp of the point in the third 

spline curve and the first time offset are added to obtain the fourth spline curve, then it is 

determined whether the first time offset is the time deviation between the imaging device and 

a gyroscope, and whether the first pose conversion relationship is the pose conversion 

relationship between the imaging device and the gyroscope according to the difference 

between the fourth spline curve and the first spline curve, so that the accuracy of the obtained 
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pose conversion relationship and the time deviation between the imaging device and the 

inertial sensor may be improved. 

[0014] In combination with any one of the embodiments of the disclosure, the inertial 

sensor includes an inertial measurement unit; the at least two poses include at least two 

postures; the at least two pieces of first sampling data include at least two first angular 

velocities; the performing spline fitting process on the at least two poses to obtain the first 

spline curve includes the following operations. At least two second angular velocities of the 

imaging device are obtained according to the at least two postures; and spline fitting process 

is performed on the at least two second angular velocities to obtain the first spline curve; 

[0015] the performing spline fitting process on the at least two pieces of first 

sampling data to obtain the second spline curve includes the following operations. Spline 

fitting process is performed on the at least two first angular velocities to obtain the second 

spline curve. 

[0016] In an embodiment of the disclosure, a function curve (i.e., the first spline 

curve) of the angular velocity of the imaging device versus time is obtained based on at least 

two postures of the imaging device, and a function curve (i.e., the second spline curve) of the 

angular velocity of the inertial measurement unit versus time is obtained based on the 

gyroscope in the inertial measurement unit; and at least one of the pose conversion 

relationship or the sampling time offset between the imaging device and the inertial 

measurement unit may be determined based on the first spline curve and the second spline 

curve. 

[0017] In combination with any one of the embodiments of the disclosure, the at least 

two poses further include at least two first positions; the at least two pieces of first sampling 

data further include at least two first accelerations; the method further includes the following 

operations before determining the reference pose conversion relationship as the pose 

conversion relationship between the imaging device and the inertial sensor, and determining 

the first time offset as the sampling time offset between the imaging device and the inertial 

sensor, in the case that the first difference is less than or equal to the first threshold. At least 

two second accelerations of the imaging device are obtained according to the at least two first 

positions; spline fitting process is performed on the at least two second accelerations to obtain 
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a fifth spline curve, and spline fitting process is performed on the at least two first 

accelerations to obtain a sixth spline curve; and a second difference is obtained according to 

the fifth spline curve and the sixth spline curve; 

[0018] the determining the reference pose conversion relationship as the pose 

conversion relationship between the imaging device and the inertial sensor, and determining 

the first time offset as the sampling time offset between the imaging device and the inertial 

sensor, in the case that the first difference is less than or equal to the first threshold includes 

the following operations. The reference pose conversion relationship is determined as the 

pose conversion relationship between the imaging device and the inertial sensor, and the first 

time offset is determined as the sampling time offset between the imaging device and the 

inertial sensor, in a case that the first difference is less than or equal to the first threshold and 

the second difference is less than or equal to a second threshold. 

[0019] In the embodiment of the disclosure, the second difference is obtained by 

using the data sampled by the accelerometer of the inertial measurement unit and the first 

position of the imaging device; then it is determined whether the reference pose conversion 

relationship is the pose conversion relationship between the imaging device and the inertial 

measurement unit, and whether the first time offset is the sampling time offset between the 

imaging device and the inertial measurement unit according to the first difference and the 

second difference, so that the accuracy of the obtained pose conversion relationship and the 

time deviation between the imaging device and the inertial sensor may be improved. 

[0020] In combination with any one of the embodiments of the disclosure, the inertial 

sensor includes an inertial measurement unit; the at least two poses include at least two 

second positions; the at least two pieces of first sampling data include at least two third 

accelerations; the performing spline fitting process on the at least two poses to obtain the first 

spline curve includes the following operations. At least two fourth accelerations of the 

imaging device is obtained according to the at least two second positions; and spline fitting 

process is performed on the at least two fourth accelerations to obtain the first spline curve; 

[0021] the performing spline fitting process on the at least two pieces of first 

sampling data to obtain the second spline curve includes the following operations. Spline 

fitting process is performed on the at least two third accelerations to obtain the second spline 
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curve. 

[0022] In the embodiment of the disclosure, a function curve (i.e., the first spline 

curve) of the acceleration of the imaging device versus time is obtained based on at least two 

second positions of the imaging device, and a function curve (i.e., the second spline curve) of 

the acceleration of the inertial measurement unit versus time is obtained based on the 

accelerometer in the inertial measurement unit. At least one of the pose conversion 

relationship or the sampling time offset between the imaging device and the inertial 

measurement unit may be determined based on the first spline curve and the second spline 

curve. 

[0023] In combination with any one of the embodiments of the disclosure, the at least 

two poses further include at least two second postures; the at least two pieces of first 

sampling data further include at least two third angular velocities; the method further includes 

the following operations before determining the reference pose conversion relationship as the 

pose conversion relationship between the imaging device and the inertial sensor, and 

determining the first time offset as the sampling time offset between the imaging device and 

the inertial sensor, in the case that the first difference is less than or equal to the first 

threshold. At least two fourth angular velocities of the imaging device is obtained according 

to the at least two second postures; spline fitting process is performed on the at least two 

fourth angular velocities to obtain a seventh spline curve, and spline fitting process is 

performed on the at least two third angular velocities to obtain an eighth spline curve; and a 

third difference is obtained according to the seventh spline curve and the eighth spline curve; 

[0024] the determining the reference pose conversion relationship as the pose 

conversion relationship between the imaging device and the inertial sensor, and determining 

the first time offset as the sampling time offset between the imaging device and the inertial 

sensor, in the case that the first difference is less than or equal to the first threshold includes 

the following operations. The reference pose conversion relationship is determined as the 

pose conversion relationship between the imaging device and the inertial sensor, and the first 

time offset is determined as the sampling time offset between the imaging device and the 

inertial sensor, in a case that the first difference is less than or equal to the first threshold and 

the third difference is less than or equal to a third threshold. 
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[0025] In the embodiment of the disclosure, the third difference is obtained by using 

the data sampled by the gyroscope of the inertial measurement unit and the second posture of 

the imaging device; then it is determined whether the reference pose conversion relationship 

is the pose conversion relationship between the imaging device and the inertial measurement 

unit, and whether the first time offset is the sampling time offset between the imaging device 

and the inertial measurement unit according to the first difference and the third difference, so 

that the accuracy of the obtained pose conversion relationship and the time deviation between 

the imaging device and the inertial sensor may be improved. 

[0026] In combination with any one of the embodiments of the disclosure, the 

time-space deviation includes the sampling time offset; the method further includes the 

following operations before obtaining the time-space deviation between the imaging device 

and the inertial sensor according to the first spline curve and the second spline curve. A preset 

second time offset is acquired; time stamp of a point in the first spline curve and the second 

time offset are added to obtain a ninth spline curve; and a fourth difference is obtained 

according to the ninth spline curve and the second spline curve; 

[0027] the obtaining the time-space deviation between the imaging device and the 

inertial sensor according to the first spline curve and the second spline curve includes the 

following operations. The second time offset is determined as the sampling time offset 

between the imaging device and the inertial sensor in a case that the fourth difference is less 

than or equal to a fourth threshold. 

[0028] In combination with any one of the embodiments of the disclosure, the 

imaging device and the inertial sensor belong to an electronic device, and the method further 

includes the following operations. 

[0029] At least two images are acquired using the imaging device. 

[0030] At least two pieces of second sampling data of the inertial sensor are obtained 

during acquisition of the at least two images by the imaging device. 

[0031] A pose of the imaging device of the electronic device when the images are 

acquired is obtained according to the at least two images, the at least two pieces of second 

sampling data and the time-space deviation. 

[0032] In the embodiment of the disclosure, positioning of the electronic device is 
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realized based on the pose conversion relationship between the imaging device and the 

inertial measurement unit and the sampling time offset between the imaging device and the 

inertial measurement unit obtained by calibration, so that the positioning accuracy thereof 

may be improved. 

[0033] According to a second aspect, an embodiment of the disclosure further 

provides a calibration apparatus including the following units. 

[0034] An acquisition unit is configured to acquire at least two poses of an imaging 

device, and acquire at least two pieces of first sampling data of an inertial sensor. 

[0035] A first processing unit is configured to perform spline fitting process on the at 

least two poses to obtain a first spline curve, and perform spline fitting process on the at least 

two pieces of first sampling data to obtain a second spline curve. 

[0036] A second processing unit is configured to obtain time-space deviation between 

the imaging device and the inertial sensor according to the first spline curve and the second 

spline curve, the time-space deviation includes at least one of a pose conversion relationship 

or a sampling time offset. 

[0037] In combination with any one of the embodiments of the disclosure, the 

time-space deviation includes the pose conversion relationship; the acquisition unit is further 

configured to acquire a preset reference pose conversion relationship before the second 

processing unit obtains the time-space deviation between the imaging device and the inertial 

sensor according to the first spline curve and the second spline curve; 

[0038] the first processing unit is further configured to convert the second spline 

curve according to the reference pose conversion relationship to obtain a third spline curve; 

[0039] the second processing unit is configured to: obtain a first difference according 

to the first spline curve and the third spline curve; and determine the reference pose 

conversion relationship as the pose conversion relationship between the imaging device and 

the inertial sensor in a case that the first difference is less than or equal to a first threshold. 

[0040] In combination with any one of the embodiments of the disclosure, the 

time-space deviation further includes the sampling time offset; each point in the first spline 

curve carries time stamp information; 

[0041] the acquisition unit is further configured to acquire a preset first time offset 



 9 

before determining the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor, in the case that the first 

difference is less than or equal to the first threshold; 

[0042] the first processing unit is configured to add time stamp of a point in the third 

spline curve and the first time offset to obtain a fourth spline curve; 

[0043] the second processing unit is configured to: obtain the first difference 

according to the fourth spline curve and the first spline curve; and determine the reference 

pose conversion relationship as the pose conversion relationship between the imaging device 

and the inertial sensor and determine the first time offset as the sampling time offset between 

the imaging device and the inertial sensor, in the case that the first difference is less than or 

equal to the first threshold. 

[0044] In combination with any one of the embodiments of the disclosure, the inertial 

sensor includes an inertial measurement unit; the at least two poses include at least two 

postures; the at least two pieces of first sampling data include at least two first angular 

velocities; the first processing unit is configured to: obtain at least two second angular 

velocities of the imaging device according to the at least two postures; perform spline fitting 

process on the at least two second angular velocities to obtain the first spline curve; and 

perform spline fitting process on the at least two first angular velocities to obtain the second 

spline curve. 

[0045] In combination with any one of the embodiments of the disclosure, the at least 

two poses further include at least two first positions; the at least two pieces of first sampling 

data further include at least two first accelerations; the first processing unit is configured to, 

before the reference pose conversion relationship is determined as the pose conversion 

relationship between the imaging device and the inertial sensor and the first time offset is 

determined as the sampling time offset between the imaging device and the inertial sensor in 

the case that the first difference is less than or equal to the first threshold, obtain at least two 

second accelerations of the imaging device according to the at least two first positions, 

perform spline fitting process on the at least two second accelerations to obtain a fifth spline 

curve, and perform spline fitting process on the at least two first accelerations to obtain a 

sixth spline curve; 
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[0046] the second processing unit is configured to: obtain a second difference 

according to the fifth spline curve and the sixth spline curve; and determine the reference 

pose conversion relationship as the pose conversion relationship between the imaging device 

and the inertial sensor and determine the first time offset as the sampling time offset between 

the imaging device and the inertial sensor, in a case that the first difference is less than or 

equal to the first threshold and the second difference is less than or equal to a second 

threshold. 

[0047] In combination with any one of the embodiments of the disclosure, the inertial 

sensor includes an inertial measurement unit; the at least two poses include at least two 

second positions; the at least two pieces of first sampling data include at least two third 

accelerations; the first processing unit is configured to: obtain at least two fourth 

accelerations of the imaging device according to the at least two second positions; perform 

spline fitting process on the at least two fourth accelerations to obtain the first spline curve; 

and perform spline fitting process on the at least two third accelerations to obtain the second 

spline curve. 

[0048] In combination with any one of the embodiments of the disclosure, the at least 

two poses further include at least two second postures; the at least two pieces of first 

sampling data further include at least two third angular velocities; 

[0049] the first processing unit is configured to obtain at least two fourth angular 

velocities of the imaging device according to the at least two second postures, before the 

reference pose conversion relationship is determined as the pose conversion relationship 

between the imaging device and the inertial sensor and the first time offset is determined as 

the sampling time offset between the imaging device and the inertial sensor in the case that 

the first difference is less than or equal to the first threshold; 

[0050] the second processing unit is configured to: perform spline fitting process on 

the at least two fourth angular velocities to obtain a seventh spline curve, and perform spline 

fitting process on the at least two third angular velocities to obtain an eighth spline curve; 

obtain a third difference according to the seventh spline curve and the eighth spline curve; 

and determine the reference pose conversion relationship as the pose conversion relationship 

between the imaging device and the inertial sensor and determine the first time offset as the 
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sampling time offset between the imaging device and the inertial sensor, in a case that the 

first difference is less than or equal to the first threshold and the third difference is less than 

or equal to a third threshold. 

[0051] In combination with any one of the embodiments of the disclosure, the 

time-space deviation includes the sampling time offset; the acquisition unit is further 

configured to acquire a preset second time offset before obtaining the time-space deviation 

between the imaging device and the inertial sensor according to the first spline curve and the 

second spline curve; 

[0052] the first processing unit is configured to add time stamp of a point in the first 

spline curve and the second time offset to obtain a ninth spline curve; 

[0053] the second processing unit is configured to: obtain a fourth difference 

according to the ninth spline curve and the second spline curve; and determine the second 

time offset as the sampling time offset between the imaging device and the inertial sensor in a 

case that the fourth difference is less than or equal to a fourth threshold. 

[0054] In combination with any one of the embodiments of the disclosure, the 

imaging device and the inertial sensor belong to the calibration apparatus; 

[0055] the imaging device is configured to acquire at least two images; 

[0056] the inertial sensor is configured to obtain at least two pieces of second 

sampling data during acquisition of the at least two images by the imaging device; 

[0057] the acquisition unit is configured to obtain a pose of the imaging device when 

the images are acquired, according to the at least two images, the at least two pieces of 

second sampling data and the time-space deviation. 

[0058] According to a third aspect, an embodiment of the disclosure further provides 

a processor configured to perform the method according to the first aspect and any one of 

possible implementations thereof. 

[0059] According to a fourth aspect, an embodiment of the disclosure further provides 

an electronic device including a processor and a memory configured to store a computer 

program code including computer instructions that, when executed by the processor, cause 

the electronic device to perform the method according to the first aspect and any one of 

possible implementations thereof. 
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[0060] According to a fifth aspect, an embodiment of the disclosure further provides a 

computer-readable storage medium having stored thereon a computer program including 

program instructions that, when executed by a processor of an electronic device, cause the 

processor to perform the method according to the first aspect and any one of possible 

implementations thereof. 

[0061] According to a sixth aspect, an embodiment of the disclosure further provides 

a computer program product including instructions, where the computer program product, 

when run on a computer, causes the computer to perform the method according to the first 

aspect and any one of possible implementations thereof. 

[0062] It should be understood that the foregoing general description and the 

following detailed description are exemplary and explanatory only, and are not intended to 

limit the disclosure. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] In order to explain the technical solutions in the background or the 

embodiments of the disclosure more clearly, the drawings which are intended to be used in 

the background or the embodiments of the disclosure will be described below. 

[0064] Here the drawings are incorporated in and constitute a part of the description, 

and illustrate embodiments consistent with the disclosure, and together with the description, 

serve to illustrate the technical solutions of the disclosure. 

[0065] FIG. 1 is a first schematic flowchart of a calibration method according to an 

embodiment of the disclosure; 

[0066] FIG. 2 is a schematic diagram before and after performing spline fitting 

process on an angular velocity of an inertial sensor according to an embodiment of the 

disclosure; 

[0067] FIG. 3 is a second schematic flowchart of a calibration method according to an 

embodiment of the disclosure; 

[0068] FIG. 4 is a third schematic flowchart of a calibration method according to an 

embodiment of the disclosure; 
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[0069] FIG. 5 is a fourth schematic flowchart of a calibration method according to an 

embodiment of the disclosure; 

[0070] FIG. 6 is a fifth schematic flowchart of a calibration method according to an 

embodiment of the disclosure; 

[0071] FIG. 7 is a sixth schematic flowchart of a calibration method according to an 

embodiment of the disclosure; 

[0072] FIG. 8 is a seventh schematic flowchart of a calibration method according to 

an embodiment of the disclosure; 

[0073] FIG. 9 is a schematic diagram of a homonymy point according to an 

embodiment of the disclosure; 

[0074] FIG. 10 is a schematic structural diagram of a calibration apparatus according 

to an embodiment of the disclosure; 

[0075] FIG. 11 is a schematic diagram of a hardware structure of an electronic device 

according to an embodiment of the disclosure. 

 

DETAILED DESCRIPTION 

[0076] In order that the solutions of the disclosure may be better understood by those 

skilled in the art, a clear and complete description of the technical solutions in the 

embodiments of the disclosure will be made below in combination with the drawings in the 

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

part of the embodiments of the disclosure, rather than all the embodiments. Based on the 

embodiments in the disclosure, all other embodiments obtained by those of ordinary skill in 

the art without paying any creative work fall within the protection scope of the disclosure. 

[0077] The terms “first”, “second”, etc. in the description and claims as well as the 

drawings of the embodiments of the disclosure are used to distinguish different objects, rather 

than to describe a specific sequence. Furthermore, the terms "including" and "having" and 

any variations thereof are intended to cover non-exclusive inclusion. For example, a process, 

method, system, product or device including a series of steps or units is not limited to the 

listed steps or units, instead, optionally also includes steps or units which are not listed, or 
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optionally also includes other steps or units inherent to such process, method, product or 

device. 

[0078] Reference to "an embodiment" herein means that a specific feature, structure 

or characteristic described in combination with the embodiment may be included in at least 

one embodiment of the disclosure. The appearance of the phrase at various places in the 

description is not necessarily always referring to the same embodiment, nor to separate or 

alternative embodiments that are mutually exclusion with other embodiments. It will be 

understood by those skilled in the art explicitly and implicitly that the embodiments described 

herein may be combined with other embodiments. 

[0079] In the embodiments, an inertial sensor may be used to measure physical 

quantities such as angular velocity, acceleration, etc. Since information, such as pose of an 

imaging device, etc., may be obtained based on images acquired by the imaging device, some 

specific functions may be realized by combining the inertial sensor with the imaging device. 

For example, an Inertial Measurement Unit (IMU) including an accelerometer and a 

gyroscope as well as the imaging device are loaded on a Unmanned Aerial Vehicle (UAV), 

and positioning of the UAV is realized by using acceleration information and angular velocity 

information acquired by the IMU as well as images acquired by the imaging device. For 

another example, an anti-shaking function of the imaging device is realized by using the 

angular velocity of the gyroscope acquired by the gyroscope mounted on the imaging device. 

[0080] During combining the inertial sensor with the imaging device, data obtained 

by the inertial sensor and data obtained by the imaging device are processed by a processor. 

The processor processes the received data obtained by the inertial sensor and data obtained by 

the imaging device, so that the above specific functions may be realized. 

[0081] On one hand, since the pose of the imaging device is different from the pose of 

the inertial sensor, that is, there is pose deviation between the imaging device and the inertial 

sensor, if the processor does not consider the pose deviation between the imaging device and 

the inertial sensor during processing the data obtained by the inertial sensor and the data 

obtained by the imaging device, or the processor obtains the pose deviation with low 

precision between the imaging device and the inertial sensor during processing the data 

obtained by the inertial sensor and the data obtained by the imaging device, then the effect of 
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the realized specific function such as positioning, etc. is not good (for example, the precision 

of positioning is not high). 

[0082] On the other hand, functions such as positioning, etc. may be realized by using 

the data obtained by the inertial sensor (such as angular velocity, acceleration) and the data 

obtained by the imaging device (such as the pose of the imaging device obtained by the 

acquired images) at the same time. For example, the UAV is loaded with a camera, an inertial 

sensor, and a Central Processing Unit (CPU), and the CPU acquires first data (e.g., images) of 

the imaging device and second data (e.g., angular velocity) of the inertial sensor at a time 

stamp a, so that the CPU may obtain the pose of the UAV at the time a from the first data and 

the second data. 

[0083] That is, functions such as positioning, etc. realized based on the data obtained 

by the imaging device and the data obtained by the inertial sensor need the CPU to process 

the data of the inertial sensor and the data of the imaging device that are obtained at a same 

time stamp, to obtain the pose at the time stamp. However, if there is deviation (hereinafter 

referred to as time deviation) between the sampling time of the imaging device and the 

sampling time of the inertial sensor, then the time stamp of the data of the imaging device 

acquired by the CPU will be inaccurate, or the time stamp of the inertial sensor acquired by 

the CPU will be inaccurate. For example (Example 1), it is assumed that the data sampled by 

the imaging device at the time a is first data, the data sampled by the inertial sensor at the 

time a is second data, and the data sampled by the inertial sensor at the time b is third data. 

The imaging device transmits the first data to the CPU, and the inertial sensor transmits the 

second data and the third data to the CPU. However, since the speed at which the imaging 

device transmits the data is different from the speed at which the inertial sensor transmits the 

data, the CPU receives the second data at the time c and adds a time stamp c to the second 

data, and receives the first data and the third data at the time d and adds a time stamp d to 

both the first data and the third data, herein the time stamp b is different from the time stamp 

c. 

[0084] It is apparent that inaccuracy of the time stamp will result in low accuracy of 

the functions such as positioning, etc. Next, continuing with Example 1, since the time stamp 

of the first data is the same as that of the third data, the CPU will process the first data and the 
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third data to obtain the pose at the time d. Since the sampling time (i.e., the time a) of the first 

data is different from the sampling time (i.e., the time b) of the third data, the accuracy of the 

pose at the time d is low. 

[0085] Based on the above two aspects, it is of great importance on how to determine 

at least one of the pose conversion relationship (i.e., the above pose deviation) or the 

sampling time offset between the imaging device and the inertial sensor. At least one of the 

pose conversion relationship or the sampling time offset may include the pose conversion 

relationship, and at least one of the pose conversion relationship or the sampling time offset 

may also include the sampling time offset, and at least one of the pose conversion 

relationship or the sampling time offset may also include the pose conversion relationship 

and the sampling time offset. 

[0086] The calibration method provided based on the embodiment of the disclosure 

may determine the time-space deviation between the imaging device and the inertial sensor 

according to the images acquired by the imaging device and the data acquired by the inertial 

sensor. 

[0087] Referring to FIG. 1, which is a first schematic flowchart of a calibration 

method according to an embodiment of the disclosure, and as shown in FIG. 1, the method 

includes the following operations. 

[0088] In operation 101, At least two poses of an imaging device are acquired, and at 

least two pieces of first sampling data of an inertial sensor are acquired. 

[0089] An executive body in the embodiment of the disclosure is a first terminal, 

which may be one of a mobile phone, a computer, a tablet computer, a server, etc. 

[0090] In the embodiment of the disclosure, the imaging device may include at least 

one of a camera or a webcam. The inertial sensor may include at least one of a gyroscope, an 

accelerometer, or an IMU. 

[0091] In the embodiment of the disclosure, the pose may include at least one of a 

position or a posture. Herein the posture includes at least one of a pitch angle, a roll angle, or 

a yaw angle. For example, the at least two poses of the imaging device may be at least two 

positions of the imaging device, and/or the at least two poses of the imaging device may also 

be at least two postures of the imaging device. 
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[0092] In the embodiment of the disclosure, the first sampling data is the sampling 

data of the inertial sensor. For example, in a case that the inertial sensor is the gyroscope, the 

first sampling data includes an angular velocity. For another example, in a case that the 

inertial sensor is the accelerometer, the first sampling data includes acceleration. 

[0093] A manner in which the first terminal acquires the at least two poses and 

acquires the at least two pieces of first sampling data may include receiving at least two poses 

and at least two pieces of first sampling data input by a user through an input component; 

herein the input component may include a keyboard, a mouse, a touch screen, a touch pad, an 

audio input device, etc. The manner may also include receiving at least two poses and at least 

two pieces of first sampling data transmitted by a second terminal; herein the second terminal 

includes a mobile phone, a computer, a tablet computer, a server, etc. The first terminal may 

establish a communication connection with the second terminal by means of wired 

connection or wireless communication, and receive the at least two poses and the at least two 

pieces of first sampling data transmitted by the second terminal. 

[0094] In operation 102, spline fitting process is performed on the at least two poses 

to obtain a first spline curve, and spline fitting process is performed on the at least two pieces 

of first sampling data to obtain a second spline curve. 

[0095] In the embodiment of the disclosure, each of the at least two poses carries a 

time stamp, and each of the at least two pieces of first sampling data carries time stamp 

information. For example, the time stamp characterized by the time stamp information of the 

first sampling data a of the inertial sensor A is 14: 46: 30 on December 6, 2019, and the first 

sampling data a is the angular velocity acquired by the inertial sensor A at 14: 46: 30 on 

December 6, 2019. 

[0096] Herein time stamps of any two of the at least two poses are different, and time 

stamps of any two of the at least two pieces of first sampling data are different. 

[0097] In an embodiment, a pose sequence may be obtained by sorting the at least 

two poses in an ascending order of the time stamps. Since the pose sequence includes at least 

two discrete points, it is necessary to obtain a continuous function of the pose of the imaging 

device versus time, that is, to obtain the pose of the imaging device at any time, so as to 

facilitate subsequent processing. 
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[0098] In a possible implementation, a function curve, i.e. a first spline curve, of the 

pose of the imaging device versus time may be obtained by performing spline fitting process 

on the pose sequence. FIG. 2 is a schematic diagram before and after performing spline 

fitting process on an angular velocity of an inertial sensor according to an embodiment of the 

disclosure; herein (a) of FIG. 2 is a schematic diagram before performing spline fitting 

process on the angular velocity of the inertial sensor, and (b) of FIG. 2 is a schematic diagram 

after performing spline fitting process on the angular velocity of the inertial sensor. As shown 

in (a) of FIG. 2, when a coordinate system xoy is established with the x-axis representing 

time and the y-axis representing the pose of the image device, a unique point may be 

determined in the coordinate system xoy according to the time stamp and the size of each 

pose. It may be seen from (a) of FIG. 2 that the pose sequence is a discrete point in the 

coordinate system xoy, that is, the pose of the imaging device during a time period between 

time stamps of any two poses is unknown. The spline curve as shown in (b) of FIG. 2, that is, 

the function curve of the pose of the imaging device versus time, may be obtained by 

performing the spline fitting process on the pose sequence. 

[0099] Similarly, spline fitting process may be performed on the at least two pieces of 

first sampling data to obtain a continuous function curve of the sampling data of the inertial 

sensor versus time, i.e., a second spline curve. 

[00100] In this possible implementation, the function curve of the pose of the imaging 

device versus time may be obtained by performing spline curve fitting process on the at least 

two poses, thereby obtaining the pose of the imaging device at any time. The function curve 

of the sampling data of the inertial sensor versus time may be obtained by performing spline 

curve fitting processing on the at least two pieces of first sampling data, thereby obtaining the 

sampling data of the inertial sensor at any time. 

[00101] In an embodiment, the spline fitting process may be implemented by a spline 

fitting algorithm such as B-spline, Cubic Spline Interpolation, etc., which is not limited in the 

embodiment of the disclosure. 

[00102] In operation 103, time-space deviation between the imaging device and the 

inertial sensor is obtained according to the first spline curve and the second spline curve. 

[00103] In the embodiment of the disclosure, the time-space deviation may include a 
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pose conversion relationship, the time-space deviation may also include a sampling time 

offset, and the time-space deviation may further include the pose conversion relationship and 

the sampling time offset. 

[00104] In the embodiment of the disclosure, in a case that the pose includes a position, 

the first sampling data includes acceleration. In a case that the pose includes a posture, the 

first sampling data includes an angular velocity. That is, in a case that the first spline curve is 

a continuous function curve of the position of the imaging device versus time, the second 

spline curve is a continuous function curve of the acceleration of the inertial sensor versus 

time. In a case that the first spline curve is a continuous function curve of the posture of the 

imaging device versus time, the second spline curve is a continuous function curve of the 

angular velocity of the inertial sensor versus time. 

[00105] In the case that the first spline curve is the continuous function curve of the 

position of the imaging device versus time, the first spline curve may be derived twice to 

obtain the continuous function curve (hereinafter, referred to as an acceleration spline curve) 

of the acceleration of the imaging device versus time. In  the case that the first spline curve 

is the continuous function curve of the posture of the imaging device versus time, the first 

spline curve may be derived once to obtain the continuous function curve (hereinafter, 

referred to as an angular velocity spline curve) of the angular velocity of the imaging device 

versus time. 

[00106] In a case that there is no pose deviation or sampling time deviation between 

the imaging device and the inertial sensor, and the first spline curve is the continuous 

function curve of the position of the imaging device versus time, the acceleration spline curve 

is the same as the second spline curve. Therefore, the time-space deviation between the 

imaging device and the inertial sensor may be determined from the acceleration spline curve 

and the second spline curve. 

[00107] In a case that there is no pose deviation or sampling time deviation between 

the imaging device and the inertial sensor, and the first spline curve is the continuous 

function curve of the posture of the imaging device versus time, the angular velocity spline 

curve is the same as the second spline curve. Therefore, the time-space deviation between the 

imaging device and the inertial sensor may be determined from the angular velocity spline 
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curve and the second spline curve. 

[00108] In a possible implementation, it is first assumed that the pose deviation 

between the imaging device and the inertial sensor is a pose conversion relationship to be 

determined, and/or that the sampling time offset between the imaging device and the inertial 

sensor is a time offset to be determined. Then the acceleration spline curve is converted 

according to at least one of the pose conversion relationship to be determined or the time 

offset to be determined, to obtain the converted acceleration spline curve. In a case that the 

difference between the converted acceleration spline curve and the second spline curve is less 

than or equal to a first expected value, it means that the converted acceleration spline curve is 

the same as the second spline curve, so that the pose conversion relationship to be determined 

may be determined as the pose deviation between the imaging device and the inertial sensor, 

and/or the time offset to be determined may be determined as the sampling time offset 

between the imaging device and the inertial sensor. 

[00109] In another possible implementation, it is first assumed that the pose deviation 

between the imaging device and the inertial sensor is a pose conversion relationship to be 

determined, and/or that the sampling time offset between the imaging device and the inertial 

sensor is a time offset to be determined. Then the angular velocity spline curve is converted 

according to at least one of the pose conversion relationship to be determined or the time 

offset to be determined, to obtain the converted angular velocity spline curve. In a case that 

the difference between the converted angular velocity spline curve and the second spline 

curve is less than or equal to a second expected value, it means that the converted angular 

velocity spline curve is the same as the second spline curve, so that the pose conversion 

relationship to be determined may be determined as the pose deviation between the imaging 

device and the inertial sensor, and/or the time offset to be determined may be determined as 

the sampling time offset between the imaging device and the inertial sensor. 

[00110] In yet another possible implementation, it is first assumed that in a case that 

the difference between two curves is less than or equal to a third expected value, the two 

curves are determined to be the same. An added acceleration spline curve is obtained by 

adding the acceleration spline curve and the third expected value. A pose conversion 

relationship between the added acceleration spline curve and the second spline curve is 
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obtained according to the added acceleration spline curve and the second spline curve, as the 

pose deviation between the imaging device and the inertial sensor, and/or a time deviation 

between the added acceleration spline curve and the second spline curve is obtained 

according to the added acceleration spline curve and the second spline curve, as the time 

offset between the imaging device and the inertial sensor. 

[00111] In yet another possible implementation, it is first assumed that in a case that 

the difference between two curves is less than or equal to a fourth expected value, the two 

curves are determined to be the same. An added acceleration spline curve is obtained by 

adding the angular velocity spline curve and the fourth expected value. A conversion 

relationship between the added angular velocity spline curve and the second spline curve is 

obtained according to the added angular velocity spline curve and the second spline curve, as 

the pose deviation between the imaging device and the inertial sensor, and/or a time deviation 

between the added acceleration spline curve and the second spline curve is obtained 

according to the added acceleration spline curve and the second spline curve, as the time 

offset between the imaging device and the inertial sensor. 

[00112] In the embodiment, spline fitting process is performed on the at least two 

poses of the imaging device to obtain the first spline curve, and spline fitting process is 

performed on the first sampling data of the inertial sensor to obtain the second spline curve. 

At least one of the pose conversion relationship or the sampling time offset deviation between 

the imaging device and the inertial sensor is determined according to the first spline curve 

and the second spline curve, so that the accuracy of at least one of the obtained pose 

conversion relationship or the sampling time offset between the imaging device and the 

inertial sensor may be improved. 

[00113] How to determine the sampling time offset between the imaging device and 

the inertial sensor will be explained in detail hereinafter. Referring to FIG. 3, which is a 

second schematic flowchart of a calibration method according to an embodiment of the 

disclosure, and as shown in FIG. 3, the method includes the following operations. 

[00114] In operation 301, a preset reference pose conversion relationship, at least two 

poses of the imaging device, and at least two pieces of first sampling data of the inertial 

sensor are acquired. 
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[00115] In the embodiment of the disclosure, the preset reference pose conversion 

relationship includes a pose conversion matrix and an offset. 

[00116] A manner in which the first terminal acquires the reference pose conversion 

relationship may include receiving the reference pose conversion relationship input by a user 

through an input component. Herein the input component may include any one of the 

components such as a keyboard, a mouse, a touch screen, a touch pad, an audio input device, 

etc. The manner in which the first terminal acquires the reference pose conversion 

relationship may also include receiving reference pose conversion relationship transmitted by 

a third terminal. Herein the third terminal includes any one of the devices such as a mobile 

phone, a computer, a tablet computer, a server, etc. The first terminal may receive the 

reference pose conversion relationship transmitted by the third terminal by means of wired 

connection or wireless connection. 

[00117] In operation 302, spline fitting process is performed on the at least two poses 

to obtain a first spline curve, and spline fitting process is performed on the at least two pieces 

of first sampling data to obtain a second spline curve. 

[00118] Reference may be made to the operation 102, and descriptions thereof will not 

be repeated herein. 

[00119] In operation 303, the second spline curve is converted according to the 

reference pose conversion relationship to obtain a third spline curve. 

[00120] In the embodiment of the disclosure, each pose carries time stamp information. 

The at least two poses are poses of the imaging device at different times, that is, time stamps 

of any two of the at least two poses are different. For example, in a case that the pose 

includes a posture, at least two postures of the imaging device A include postures B and C, 

herein the posture B includes a pitch angle a, a roll angle b and a yaw angle c, and the time 

stamp of the posture B is a time stamp D; the pose C includes a pitch angle d, a roll angle e 

and a yaw angle f, and the time stamp of the posture C is a time stamp E. It may be seen from 

the postures B and C that the pitch angle, the roll angle and the yaw angle of the imaging 

device A at the time stamp D are a, b and c respectively, and the pitch angle, the roll angle 

and the yaw angle of the imaging device A at the time stamp E are d, e and f respectively. 

[00121] Due to the pose deviation between the imaging device and the inertial sensor, 
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there is a deviation between the pose obtained based on the imaging device and the pose 

obtained based on the inertial sensor. If a real pose conversion relationship between the 

imaging device and the inertial sensor may be determined, the pose obtained by the imaging 

device or the pose obtained by the inertial sensor may be converted based on the real pose 

conversion relationship, so as to reduce the pose deviation between the imaging device and 

the inertial sensor. For example, it is assumed that the pose deviation between the imaging 

device and the inertial sensor is C, if the pose conversion relationship corresponding to the 

pose deviation C is D, the pose obtained based on the imaging device is A, and the pose 

obtained based on the inertial sensor is B, then the pose deviation between the poses A and B 

is C. The pose A is multiplied by the pose conversion relationship D to obtain the pose E (that 

is, the posture A is converted based on the pose conversion relationship), then the pose E is 

the same as the pose B; or the pose B is multiplied by the pose conversion relationship D to 

obtain the pose F (that is, the posture B is converted based on the pose conversion 

relationship), then the pose F is the same as the pose A. 

[00122] In other words, in a case that the positional deviation between the imaging 

device and the inertial sensor is not determined, it is impossible to obtain the real pose 

conversion relationship between the imaging device and the inertial sensor. By assuming the 

conversion relationship between the imaging device and the inertial sensor (i.e., the above 

reference pose conversion relationship), the deviation between the reference pose conversion 

relationship and the real pose conversion relationship may be determined according to an 

error between the pose obtained by the imaging device and the pose obtained based on the 

inertial sensor. In a possible implementation, the second spline curve is multiplied by the 

reference pose conversion relationship to obtain the third spline curve. 

[00123] In operation 304, a first difference is obtained according to the first spline 

curve and the third spline curve. 

[00124] In one possible implementation, the difference between the points with the 

same time stamp of the first spline curve and the third spline curve is used as the first 

difference. For example, the first spline curve contains points a and b, and the third spline 

curve contains points c and d. The time stamps of the points a and c are A, and the time 

stamps of the points b and d are B. The difference between the points a and c may be used as 
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the first difference. The difference between the points b and d may also be used as the first 

difference. The average value of the difference between the points a and c as well as the 

difference between the points b and d may also be used as the first difference. 

[00125] In another possible implementation, the difference between the points with the 

same time stamp of the first spline curve and the third spline curve is determined to obtain the 

first difference; the sum of the first difference and the first reference value is used as the first 

difference, herein the first reference value is a real number, and in an embodiment, the first 

reference value may be 0.0001 m. For example, the first spline curve contains points a and b, 

and the third spline curve contains points c and d. The time stamps of the points a and c are A, 

and the time stamps of the points b and d are B. The difference between the points a and c is 

C, and the difference between the points b and d is D. It is assumed that the first reference 

value is E. C+E may be used as the first difference. D+E may also be used as the first 

difference. (C+E+D+E)/2 may also be used as the first difference. 

[00126] In yet another possible implementation, the difference between the points with 

the same time stamp of the first spline curve and the third spline curve is determined to obtain 

a second difference. The square of the second difference is used as the first difference. For 

example, the first spline curve contains points a and b, and the third spline curve contains 

points c and d. The time stamps of the points a and c are A, and the time stamps of the points 

b and d are B. The difference between the points a and c is C, and the difference between the 

points b and d is D. C
2
 may be used as the first difference, D

2
 may also be used as the first 

difference, and (C
2
+D

2
)/2 may also be used as the first difference. 

[00127] In operation 305, the reference pose conversion relationship is determined as 

the pose conversion relationship between the imaging device and the inertial sensor in a case 

that the first difference is less than or equal to a first threshold. 

[00128] Since the difference between the third spline curve and the first spline curve 

(i.e., the first difference) may be used to characterize the deviation between the reference 

pose conversion relationship and the real pose conversion relationship, the first difference 

less than or equal to the expected value (i.e., the first threshold) may be used as a constraint 

for solving the reference pose conversion relationship. Exemplarily, the unit of the first 

threshold is meter, and the value range of the first threshold is a positive number. In an 
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embodiment, the value of the first threshold may be 1 mm. 

[00129] For example, it is assumed that the first spline curve satisfies  y f x , 

herein  f  is a function of the angular velocity of the gyroscope versus time, y is the 

angular velocity of the gyroscope, and x is time; the second spline curve satisfies  u v x , 

where  v  is a function curve of the angular velocity of the gyroscope versus time, u is the 

angular velocity of the gyroscope, and x is time; the reference pose conversion relationship is 

Q, the third spline curve satisfies    s v x Q r x  , herein  r  is a function curve of the 

angular velocity of the imaging device versus time, s is the angular velocity of the imaging 

device, and x is time. If the first threshold is 1 mm, then     1r x f x mm  , that is, 

    1v x Q f x mm   (this expression is denoted as Equation (1)). Since  f x  and  v x  

are known in Equation (1), the reference pose conversion relationship Q may be determined 

by solving the inequality. 

[00130] In an embodiment, the Equation (1) may be solved by any one of the 

levenberg-marquardt algorithm and the gauss-newton iteration method. 

[00131] In the embodiment, the first spline curve is obtained by performing spline 

fitting process on the pose of the imaging device, and the second spline curve is obtained by 

performing spline fitting process on the first sampling data of the inertial sensor. The first 

spline curve is converted based on the reference pose conversion relationship to obtain the 

third spline curve. Since both the first spline curve and the third spline curve are continuous 

function curves, it is determined whether the reference pose conversion relationship is the 

pose conversion relationship between the imaging device and the inertial sensor according to 

the difference between the first spline curve and the third spline curve, so that the accuracy of 

the obtained pose conversion relationship between the imaging device and the inertial sensor 

may be improved. 

[00132] Based on the above embodiment, an embodiment of the disclosure further 

provides a method of determining the time deviation between the inertial sensor and the 

imaging device. 
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[00133] FIG. 4 is a third schematic flowchart of a calibration method according to an 

embodiment of the disclosure. As shown in FIG. 4, the method may include the following 

operations. 

[00134] In operation 401, a preset first time offset is acquired. 

[00135] The idea for determining the time deviation between the imaging device and 

the inertial sensor in the embodiment of the disclosure is the same as the idea for determining 

the pose conversion relationship between the imaging device and the inertial sensor in the 

above embodiment. That is, if there is no time deviation between the imaging device and the 

inertial sensor, the deviation between the angular velocity of the imaging device and the 

angular velocity of the inertial sensor at the same time is small. 

[00136] Based on this idea, in the embodiment, it is first assumed that the time 

deviation between the imaging device and the inertial sensor is a first time offset. In the 

subsequent processing, the function curve of the angular velocity of the inertial sensor versus 

time is obtained by adding the function curve of the pose of the imaging device versus time 

and the first time offset. 

[00137] In an alternative implementation, a manner in which the first terminal acquires 

the first time offset may include receiving, by the first terminal, the first time offset input by a 

user through an input component; herein the input component may include any one of the 

components a keyboard, a mouse, a touch screen, a touch pad, an audio input device, etc. In 

another alternative implementation, the manner in which the first terminal acquires the first 

time offset may also include receiving, by the first terminal, the first time offset transmitted 

by a third terminal. Herein the third terminal includes any one of the devices such as a mobile 

phone, a computer, a tablet computer, a server, etc. The third terminal and the second terminal 

may be the same terminal or different terminals. 

[00138] In operation 402, time stamp of a point in the third spline curve and the first 

time offset are added to obtain a fourth spline curve. 

[00139] In operation 403, the first difference is obtained according to the fourth spline 

curve and the first spline curve. 

[00140] In contrast to the implementation of the above embodiment in which the first 

difference is obtained according to the first spline curve and the third spline curve, the first 
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difference is obtained from the first spline curve and the fourth spline curve in the 

embodiment. 

[00141] In a possible implementation, the difference between the points with the same 

time stamp of the fourth spline curve and the first spline curve is used as the first difference. 

For example, the fourth spline curve contains points a and b, and the first spline curve 

contains points c and d. The time stamps of the points a and c are A, and the time stamps of 

the points b and d are B. The difference between the points a and c may be used as the first 

difference. The difference between the points b and d may also be used as the first difference. 

The average value of the difference between the points a and c as well as the difference 

between the points b and d may also be used as the first difference. 

[00142] In another possible implementation, the difference between the points with the 

same time stamp of the fourth spline curve and the first spline curve is determined to obtain 

the third difference; the sum of the third difference and the second reference value is used as 

the first difference, herein the second reference value is a real number, and in an embodiment, 

the second reference value may be 0.0001 m. For example, the fourth spline curve contains 

points a and b, and the first spline curve contains points c and d. The time stamps of the 

points a and c are A, and the time stamps of the points b and d are B. The difference between 

the points a and c is C, and the difference between the points b and d is D. It is assumed that 

the second reference value is E. C+E may be used as the first difference. D+E may also be 

used as the first difference. (C+E+D+E)/2 may also be used as the first difference. 

[00143] In yet another possible implementation, the difference between the points with 

the same time stamp of the fourth spline curve and the first spline curve is determined to 

obtain a fourth difference. The square of the fourth difference is used as the first difference. 

For example, the fourth spline curve contains points a and b, and the first spline curve 

contains points c and d. The time stamps of the points a and c are A, and the time stamps of 

the points b and d are B. The difference between the points a and c is C, and the difference 

between the points b and d is D. C
2
 may be used as the first difference, D

2
 may also be used 

as the first difference, and (C
2
+D

2
)/2 may also be used as the first difference. 

[00144] In operation 404, the reference pose conversion relationship is determined as 

the pose conversion relationship between the imaging device and the inertial sensor, and the 
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first time offset is determined as the sampling time offset between the imaging device and the 

inertial sensor, in the case that the first difference is less than or equal to the first threshold. 

[00145] Since the first time offset is the imaginary time deviation between the imaging 

device and the inertial sensor, the shape of the fourth spline curve obtained in the operation 

202 should be the same as that of the third spline curve. However, in practical applications, 

there may be an error between the fourth spline curve and the third spline curve. Therefore, in 

the embodiment of the disclosure, a case where the difference between the fourth spline curve 

and the third spline curve is less than or equal to the first threshold is considered as the fourth 

spline curve being the same as the third spline curve. In a case that the fourth spline curve is 

the same as the third spline curve, the first time offset may be determined as the time 

deviation between the imaging device and the inertial sensor, and then it may be known in 

combination with the above embodiment that the reference pose conversion relationship is 

the pose conversion relationship between the imaging device and the inertial sensor. 

[00146] In the embodiment, the time stamp of the point in the third spline curve and 

the first time offset are added to obtain the fourth spline curve, then it is determined whether 

the first time offset is the time deviation between the imaging device and a gyroscope, and 

whether the reference pose conversion relationship is the pose conversion relationship 

between the imaging device and the gyroscope according to the difference between the fourth 

spline curve and the first spline curve, so that the accuracy of the obtained pose conversion 

relationship and the time deviation between the imaging device and the inertial sensor may be 

improved. 

[00147] It should be understood that the technical solution provided by the 

embodiment is realized based on the foregoing embodiment. In actual processing, the 

sampling time deviation between the imaging device and the inertial sensor may also be 

determined without the determination of the pose conversion relationship between the 

imaging device and the inertial sensor. 

[00148] In a possible implementation, the time-space deviation includes the sampling 

time offset; the calibration method may further include the following operations. A preset 

second time offset, at least two poses of the imaging device, and at least two pieces of first 

sampling data of the inertial sensor are acquired; spline fitting processing is performed on the 
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at least two poses to obtain a first spline curve, and spline fitting processing is performed on 

the at least two pieces of first sampling data to obtain a second spline curve; time stamp of a 

point in the first spline curve and the second time offset are added to obtain a ninth spline 

curve; and a fourth difference is obtained according to the ninth spline curve and the second 

spline curve. In the case that the fourth difference is less than or equal to the fourth threshold, 

the second time offset is determined as the sampling time offset between the imaging device 

and the inertial sensor. 

[00149] The detailed description of the embodiment is similar to the combination of 

the embodiments shown in FIGS. 3 and 4, and reference may be made to the foregoing 

descriptions of the embodiments for the details, and descriptions thereof will not be repeated 

herein. 

[00150] In a case that the inertial sensor is IMU, an embodiment of the disclosure 

further provides a method for calibrating an imaging device and IMU. 

[00151] FIG. 5 is a fourth schematic flowchart of a calibration method according to an 

embodiment of the disclosure; the embodiment provides a specific description of one possible 

implementation of the operation 102. As shown in FIG. 5, the method may include the 

following operations. 

[00152] In operation 501, at least two second angular velocities of the imaging device 

are obtained according to the at least two postures. 

[00153] In the embodiment, the at least two poses may include at least two postures, 

and the at least two pieces of first sampling data may include at least two first angular 

velocities. Herein the at least two first angular velocities are sampled by gyroscope in the 

IMU. 

[00154] In some alternative embodiments, the at least two second angular velocities of 

the imaging device may be obtained by deriving at least two postures of the imaging device. 

[00155] In operation 502, spline fitting process is performed on the at least two second 

angular velocities to obtain the first spline curve, and spline fitting process is performed on 

the at least two first angular velocities to obtain the second spline curve. 

[00156] The implementation of the operation may refer to the operation 102, herein the 

at least two second angular velocities correspond to at least two poses in the operation 102, 
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and the at least two first angular velocities correspond to at least two pieces of first sampling 

data in the operation 102. 

[00157] Based on the technical solution provided in the embodiment, a function curve 

(i.e., the first spline curve) of the angular velocity of the imaging device versus time is 

obtained based on at least two postures of the imaging device, and a function curve (i.e., the 

second spline curve) of the angular velocity of the IMU versus time is obtained based on the 

gyroscope in the IMU. At least one of the pose conversion relationship or the sampling time 

offset between the imaging device and the IMU may be determined based on the first spline 

curve and the second spline curve, for example, at least one of the pose conversion 

relationship or the sampling time offset between the imaging device and the IMU may be 

determined by using the technical solution provided in the foregoing embodiment. 

[00158] Since the IMU includes the accelerometer in addition to the gyroscope, the 

accuracy of at least one of the obtained pose conversion relationship or the sampling time 

offset between the imaging device and the IMU may be improved by using the data sampled 

by the accelerometer in the IMU based on the embodiment. 

[00159] FIG. 6 is a fifth schematic flowchart of a calibration method according to an 

embodiment of the disclosure. In the embodiment, the at least two poses further include at 

least two first positions, and the at least two pieces of first sampling data further include at 

least two first accelerations. Herein the at least two first accelerations are sampled by the 

accelerometer in the IMU. As shown in FIG. 5, the method may include the following 

operations. 

[00160] In operation 601, at least two second accelerations of the imaging device are 

obtained according to the at least two first positions. 

[00161] In operation 602, spline fitting process is performed on the at least two second 

accelerations to obtain a fifth spline curve, and spline fitting process is performed on the at 

least two first accelerations to obtain a sixth spline curve. 

[00162] The implementation of the operation may refer to the operation 102, herein the 

at least two second accelerations correspond to at least two poses in the operation 102, and 

the fifth spline curve corresponds to the first spline curve in the operation 102; the at least 

two first accelerations correspond to at least two pieces of first sampling data in the operation 
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102, and the sixth spline curve corresponds to the second spline curve in the operation 102. 

[00163] In operation 603, a second difference is obtained according to the fifth spline 

curve and the sixth spline curve. 

[00164] The operation may refer to the operation 403, herein the fifth spline curve 

corresponds to the first spline curve in the operation 403, the sixth spline curve corresponds 

to the fourth spline curve in the operation 403, and the second difference corresponds to the 

first difference in the operation 403. 

[00165] In operation 604, the reference pose conversion relationship is determined as 

the pose conversion relationship between the imaging device and the inertial sensor, and the 

first time offset is determined as the sampling time offset between the imaging device and the 

inertial sensor, in a case that the first difference is less than or equal to the first threshold and 

the second difference is less than or equal to a second threshold. 

[00166] If there is no at least one of the pose deviation or sampling time offset between 

the imaging device and the IMU, then the difference between the angular velocity of the 

imaging device and the angular velocity of the IMU should be small, and the difference 

between the acceleration of the imaging device and the acceleration of the IMU should also 

be small. Therefore, in the embodiment, the reference pose conversion relationship is 

determined as the pose conversion relationship between the imaging device and the inertial 

measurement unit, and the first time offset is determined as the sampling time offset between 

the imaging device and the inertial sensor, in the case that the first difference is less than or 

equal to the first threshold and the second difference is less than or equal to the second 

threshold. 

[00167] In the embodiment, the second difference is obtained by using the data 

sampled by the accelerometer of the IMU and the first position of the imaging device based 

on the foregoing embodiment. Then it is determined whether the reference pose conversion 

relationship is the pose conversion relationship between the imaging device and the IMU, and 

whether the first time offset is the sampling time offset between the imaging device and the 

IMU according to the first difference and the second difference, so that the accuracy of the 

obtained pose conversion relationship and the time deviation between the imaging device and 

the inertial sensor may be improved. 
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[00168] Furthermore, calibration of the imaging device and the IMU may also be 

realized based on the data acquired by the accelerometer in the IMU and the position of the 

imaging device. 

[00169] FIG. 7 is a sixth schematic flowchart of a calibration method according to an 

embodiment of the disclosure; the embodiment provides a specific description of another 

possible implementation of the operation 102. In the embodiment, the at least two poses 

include at least two second positions, and the at least two pieces of first sampling data include 

at least two third accelerations. Herein the at least two third accelerations are sampled by the 

accelerometer in the IMU. As shown in FIG. 7, the method may include the following 

operations. 

[00170] In operation 701, at least two fourth accelerations of the imaging device is 

obtained according to the at least two second positions. 

[00171] In the embodiment, the at least two fourth accelerations of the imaging device 

may be obtained by deriving the at least two second positions of the imaging device twice. 

[00172] In operation 702, spline fitting process is performed on the at least two fourth 

accelerations to obtain the first spline curve, and spline fitting process is performed on the at 

least two third accelerations to obtain the second spline curve. 

[00173] The implementation of the operation may refer to the operation 102, herein the 

at least two fourth accelerations correspond to at least two poses in the operation 102, and the 

at least two third accelerations correspond to at least two pieces of first sampling data in the 

operation 102. 

[00174] Based on the technical solution provided in the embodiment, a function curve 

(i.e., the first spline curve) of the acceleration of the imaging device versus time is obtained 

based on at least two second positions of the imaging device, and a function curve (i.e., the 

second spline curve) of the acceleration of the IMU versus time is obtained based on the 

accelerometer in the IMU. At least one of the pose conversion relationship or the sampling 

time offset between the imaging device and the IMU may be determined based on the first 

spline curve and the second spline curve, for example, at least one of the pose conversion 

relationship or the sampling time offset between the imaging device and the IMU may be 

determined by using the technical solution provided in the foregoing embodiment. 
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[00175] Since the IMU includes the gyroscope in addition to the accelerometer, the 

accuracy of at least one of the obtained pose conversion relationship or the sampling time 

offset between the imaging device and the IMU may be improved by using the data sampled 

by the gyroscope in the IMU based on the embodiment. 

[00176] FIG. 8 is a seventh schematic flowchart of a calibration method according to 

an embodiment of the disclosure. In the embodiment, the at least two poses further include at 

least two second postures, and the at least two pieces of first sampling data further include at 

least two third angular velocities. Herein the at least two third angular velocities are sampled 

by the gyroscope in the IMU. As shown in FIG. 8, the method may include the following 

operations. 

[00177] In operation 801, at least two fourth angular velocities of the imaging device is 

obtained according to the at least two second postures. 

[00178] In operation 802, spline fitting process is performed on the at least two fourth 

angular velocities to obtain a seventh spline curve, and spline fitting process is performed on 

the at least two third angular velocities to obtain an eighth spline curve. 

[00179] The implementation of the operation may refer to the operation 102, herein the 

at least two fourth angular velocities correspond to at least two poses in the operation 102, 

and the seventh spline curve corresponds to the first spline curve in the operation 102; and the 

at least two third angular velocities correspond to at least two pieces of first sampling data in 

the operation 102, and the eighth spline curve corresponds to the second spline curve in the 

operation 102. 

[00180] In operation 803, a third difference is obtained according to the seventh spline 

curve and the eighth spline curve. 

[00181] The operation may refer to the operation 403, herein the seventh spline curve 

corresponds to the first spline curve in the operation 403, the eighth spline curve corresponds 

to the fourth spline curve in the operation 403, and the third difference corresponds to the 

first difference in the operation 403. 

[00182] In operation 804, the reference pose conversion relationship is determined as 

the pose conversion relationship between the imaging device and the inertial sensor, and the 

first time offset is determined as the sampling time offset between the imaging device and the 



 34 

inertial sensor, in a case that the first difference is less than or equal to the first threshold and 

the third difference is less than or equal to a third threshold. 

[00183] If there is no at least one of the pose deviation or sampling time offset between 

the imaging device and the IMU, then the difference between the angular velocity of the 

imaging device and the angular velocity of the IMU should be small, and the difference 

between the acceleration of the imaging device and the acceleration of the IMU should also 

be small. Therefore, in the embodiment, the reference pose conversion relationship is 

determined as the pose conversion relationship between the imaging device and the inertial 

measurement unit, and the first time offset is determined as the sampling time offset between 

the imaging device and the inertial sensor, in the case that the first difference is less than or 

equal to the first threshold and the third difference is less than or equal to the third threshold. 

[00184] In the embodiment, the third difference is obtained by using the data sampled 

by the gyroscope of the IMU and the second posture of the imaging device based on the 

foregoing embodiment. Then it is determined whether the reference pose conversion 

relationship is the pose conversion relationship between the imaging device and the IMU, and 

whether the first time offset is the sampling time offset between the imaging device and the 

IMU according to the first difference and the third difference, so that the accuracy of the 

obtained pose conversion relationship and the time deviation between the imaging device and 

the inertial sensor may be improved. 

[00185] Based on the technical solutions provided in the embodiments of the 

disclosure, the embodiments of the disclosure further provide several application scenarios: 

[00186] Scenario A: the imaging device and the IMU belong to an electronic device, 

and positioning of the electronic device may be achieved based on the imaging device and the 

IMU. The implementation thereof is as follows: 

[00187] At least two images are acquired by using the imaging device, and at least two 

pieces of second sampling data acquired by the IMU are acquired during acquisition of the at 

least two images by the imaging device. Herein the number of the images acquired by the 

imaging device is equal to or greater than 1 and the second sampling data includes at least 

one of angular velocity or acceleration. For example, the electronic device acquires at least 

two images by using the imaging device during a reference time period, and the electronic 
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device acquires at least two pieces of second sampling data including at least one of angular 

velocity or acceleration by using the IMU for acquisition during the reference time period. 

[00188] The homonymy points in the at least two images may be determined by 

performing feature point matching process on the at least two images. A movement trajectory 

of the homonymy points in the image coordinate system, that is, a movement trajectory of the 

electronic device in the image coordinate system (hereinafter referred to as a first movement 

trajectory) may be obtained based on the coordinates of the homonymy points in at least two 

images. A movement trajectory of the electronic device in the world coordinate system 

(hereinafter referred to as a second movement trajectory) may be obtained based on the at 

least two pieces of second sampling data. 

[00189] In the embodiment of the disclosure, the pixel points of the same physical 

point in two different images are homonymy points with respect to each other. FIG. 9 shows 

two images, herein pixel point A and pixel point C are homonymy points with respect to each 

other, and pixel point B and pixel point D are homonymy points with respect to each other. 

[00190] The imaging device and the IMU in the electronic device are calibrated based 

on the technical solutions provided in the embodiments of the disclosure, the pose conversion 

relationship between the imaging device and the IMU is determined as the first pose 

conversion relationship, and the sampling time offset between the imaging device and the 

IMU is determined as the first sampling time offset. 

[00191] The time stamp of the first movement trajectory and the first sampling time 

offset are added to obtain a third movement trajectory. The third movement trajectory is 

converted according to the first pose conversion relationship to obtain a fourth movement 

trajectory. The pose conversion relationship between the second movement trajectory and the 

fourth movement trajectory, that is, the pose conversion relationship between the movement 

trajectory of the electronic device in the image coordinate system and the movement 

trajectory of the electronic device in the world coordinate system (hereinafter referred to as a 

second pose conversion relationship) is obtained according to the second movement 

trajectory and the fourth movement trajectory. 

[00192] A fifth movement trajectory, that is, the movement trajectory of the electronic 

device in the world coordinate system, is obtained from the second pose conversion 
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relationship and the first movement trajectory. 

[00193] Each of the acquired at least two images contains a time stamp, the minimum 

of the time stamps of the at least two images is used as a reference time stamp. The pose of 

the electronic device at the reference time stamp (hereinafter, referred to as the initial pose) is 

acquired. 

[00194] The pose of the electronic device at any time within the target time period may 

be determined based on the initial pose and the fifth movement trajectory, herein the target 

time period is a time period in which at least two images are acquired. 

[00195] Scenario B: Augmented Reality (AR) technology is a technology that 

intelligently fuses virtual information with the real world, and the technology may 

superimpose the virtual information and the real environment into a picture in real time. An 

intelligent terminal may implement the AR technology based on an IMU and a camera, herein 

the intelligent terminal includes a mobile phone, a computer and a tablet computer. For 

example, the mobile phone may implement the AR technology based on an IMU and a 

camera. 

[00196] To improve the effect of the AR technology implemented by the intelligent 

terminal, the IMU and the camera of the intelligent terminal may be calibrated by using the 

technical solutions provided in the embodiments of the disclosure. 

[00197] In a possible implementation of calibrating the IMU and the camera of the 

intelligent terminal, at least six images and at least six IMU data (including angular velocity 

and acceleration) are obtained by photographing a calibration plate by a mobile intelligent 

terminal. Based on the technical solutions provided in the embodiments of the disclosure, the 

pose conversion relationship between the camera of the intelligent terminal and the IMU of 

the intelligent terminal may be obtained by using the at least six images and the at least six 

IMU data. Based on the technical solutions provided in the embodiments of the disclosure, 

the pose conversion relationship and the time deviation between the camera of the intelligent 

terminal and the IMU of the intelligent terminal may be obtained by using the at least six 

images and the at least six IMU data. 

[00198] It will be appreciated by those skilled in the art that in the above methods of 

the detailed description, the order in which the operations are written does not imply a strict 
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execution order thereby constituting any limitation on the implementation, and the specific 

execution order of the operations should be determined based on their functions and possible 

intrinsic logic. 

[00199] The method according to embodiments of the disclosure is described in detail 

as above, and the apparatus according to embodiments of the disclosure is provided below. 

[00200] Referring to FIG. 10, which is a schematic structural diagram of a calibration 

apparatus according to an embodiment of the disclosure. The calibration apparatus 1 includes 

an acquisition unit 11, a first processing unit 12 and a second processing unit 13. 

[00201] The acquisition unit 11 is configured to acquire at least two poses of an 

imaging device, and acquire at least two pieces of first sampling data of an inertial sensor. 

[00202] The first processing unit 12 is configured to perform spline fitting process on 

the at least two poses to obtain a first spline curve, and perform spline fitting process on the 

at least two pieces of first sampling data to obtain a second spline curve. 

[00203] The second processing unit 13 is configured to obtain time-space deviation 

between the imaging device and the inertial sensor according to the first spline curve and the 

second spline curve, the time-space deviation includes at least one of a pose conversion 

relationship or a sampling time offset. 

[00204] In combination with any one of the embodiments of the disclosure, the 

time-space deviation includes the pose conversion relationship; 

[00205] the acquisition unit 11 is further configured to acquire a preset reference pose 

conversion relationship before the second processing unit 13 obtains the time-space deviation 

between the imaging device and the inertial sensor according to the first spline curve and the 

second spline curve; 

[00206] the first processing unit 12 is further configured to convert the second spline 

curve according to the reference pose conversion relationship to obtain a third spline curve; 

[00207] the second processing unit 13 is configured to: obtain a first difference 

according to the first spline curve and the third spline curve; and determine the reference pose 

conversion relationship as the pose conversion relationship between the imaging device and 

the inertial sensor in a case that the first difference is less than or equal to a first threshold. 

[00208] In combination with any one of the embodiments of the disclosure, the 
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time-space deviation further includes the sampling time offset; each point in the first spline 

curve carries time stamp information; 

[00209] the acquisition unit 11 is further configured to acquire a preset first time offset 

before determining the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor, in the case that the first 

difference is less than or equal to the first threshold; 

[00210] the first processing unit 12 is configured to add time stamp of a point in the 

third spline curve and the first time offset to obtain a fourth spline curve; 

[00211] the second processing unit 13 is configured to: obtain the first difference 

according to the fourth spline curve and the first spline curve; and determine the reference 

pose conversion relationship as the pose conversion relationship between the imaging device 

and the inertial sensor and determine the first time offset as the sampling time offset between 

the imaging device and the inertial sensor, in the case that the first difference is less than or 

equal to the first threshold. 

[00212] In combination with any one of the embodiments of the disclosure, the inertial 

sensor includes an inertial measurement unit; the at least two poses include at least two 

postures; the at least two pieces of first sampling data include at least two first angular 

velocities; 

[00213] the first processing unit 12 is configured to: obtain at least two second angular 

velocities of the imaging device according to the at least two postures; perform spline fitting 

process on the at least two second angular velocities to obtain the first spline curve; and 

perform spline fitting process on the at least two first angular velocities to obtain the second 

spline curve. 

[00214] In combination with any one of the embodiments of the disclosure, the at least 

two poses further include at least two first positions; the at least two pieces of first sampling 

data further include at least two first accelerations; 

[00215] the first processing unit 12 is configured to, before the reference pose 

conversion relationship is determined as the pose conversion relationship between the 

imaging device and the inertial sensor and the first time offset is determined as the sampling 

time offset between the imaging device and the inertial sensor in the case that the first 
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difference is less than or equal to the first threshold, obtain at least two second accelerations 

of the imaging device according to the at least two first positions, perform spline fitting 

process on the at least two second accelerations to obtain a fifth spline curve, and perform 

spline fitting process on the at least two first accelerations to obtain a sixth spline curve; 

[00216] the second processing unit 13 is configured to: obtain a second difference 

according to the fifth spline curve and the sixth spline curve; and determine the reference 

pose conversion relationship as the pose conversion relationship between the imaging device 

and the inertial sensor and determine the first time offset as the sampling time offset between 

the imaging device and the inertial sensor, in a case that the first difference is less than or 

equal to the first threshold and the second difference is less than or equal to a second 

threshold. 

[00217] In combination with any one of the embodiments of the disclosure, the inertial 

sensor includes an inertial measurement unit; the at least two poses include at least two 

second positions; the at least two pieces of first sampling data include at least two third 

accelerations; 

[00218] the first processing unit 12 is configured to: obtain at least two fourth 

accelerations of the imaging device according to the at least two second positions; perform 

spline fitting process on the at least two fourth accelerations to obtain the first spline curve; 

and perform spline fitting process on the at least two third accelerations to obtain the second 

spline curve. 

[00219] In combination with any one of the embodiments of the disclosure, the at least 

two poses further include at least two second postures; the at least two pieces of first 

sampling data further include at least two third angular velocities; 

[00220] the first processing unit 12 is configured to obtain at least two fourth angular 

velocities of the imaging device according to the at least two second postures, before the 

reference pose conversion relationship is determined as the pose conversion relationship 

between the imaging device and the inertial sensor and the first time offset is determined as 

the sampling time offset between the imaging device and the inertial sensor in the case that 

the first difference is less than or equal to the first threshold; 

[00221] the second processing unit 13 is configured to: perform spline fitting process 
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on the at least two fourth angular velocities to obtain a seventh spline curve, and perform 

spline fitting process on the at least two third angular velocities to obtain an eighth spline 

curve; obtain a third difference according to the seventh spline curve and the eighth spline 

curve; and determine the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor and determine the first time 

offset as the sampling time offset between the imaging device and the inertial sensor, in a 

case that the first difference is less than or equal to the first threshold and the third difference 

is less than or equal to a third threshold. 

[00222] In combination with any one of the embodiments of the disclosure, the 

time-space deviation includes the sampling time offset; 

[00223] the acquisition unit 11 is further configured to acquire a preset second time 

offset before obtaining the time-space deviation between the imaging device and the inertial 

sensor according to the first spline curve and the second spline curve; 

[00224] the first processing unit 12 is further configured to add time stamp of a point 

in the first spline curve and the second time offset to obtain a ninth spline curve; 

[00225] the second processing unit 13 is configured to: obtain a fourth difference 

according to the ninth spline curve and the second spline curve; and determine the second 

time offset as the sampling time offset between the imaging device and the inertial sensor in a 

case that the fourth difference is less than or equal to a fourth threshold. 

[00226] In combination with any one of the embodiments of the disclosure, the 

imaging device and the inertial sensor belong to the calibration apparatus 1; 

[00227] the imaging device is configured to acquire at least two images; 

[00228] the inertial sensor is configured to obtain at least two pieces of second 

sampling data during acquisition of the at least two images by the imaging device; 

[00229] the acquisition unit 11 is configured to obtain a pose of the imaging device 

when the images are acquired, according to the at least two images, the at least two pieces of 

second sampling data and the time-space deviation. 

[00230] In the embodiment, spline fitting process is performed on the at least two 

poses of the imaging device to obtain the first spline curve, and spline fitting process is 

performed on the first sampling data of the inertial sensor to obtain the second spline curve, 
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and at least one of the pose conversion relationship or the sampling time offset deviation 

between the imaging device and the inertial sensor is determined according to the first spline 

curve and the second spline curve, so that the accuracy of at least one of the obtained pose 

conversion relationship or the sampling time offset between the imaging device and the 

inertial sensor may be improved. 

[00231] In some embodiments, the apparatus provided in the embodiments of the 

disclosure may have functions for performing the methods described in the above method 

embodiments or include modules for performing the methods described in the above method 

embodiments, and specific implementations thereof may refer to the descriptions of the above 

method embodiments, and descriptions thereof will not be repeated herein for brevity. 

[00232] FIG. 11 is a schematic diagram of a hardware structure of an electronic device 

according to an embodiment of the disclosure. As shown in FIG. 11, the electronic device 2 

includes a processor 21 and a memory 22 configured to store a computer program code 

including computer instructions that, when executed by the processor 21, cause the electronic 

device to perform the calibration method according to any one of the above embodiments of 

the disclosure. 

[00233] In an embodiment, the electronic device 2 may further include an input means 

23 and an output means 24. Each component in the electronic device 2 may be coupled by a 

connector including various interfaces, transmission lines, buses, etc., which is not limited in 

the embodiment of the disclosure. It should be understood that in the embodiments of the 

disclosure, coupling refers to interconnection by specific means, including direct connection 

or indirect connection by other equipment, such as connection by various interfaces, 

transmission lines, buses, etc. 

[00234] The processor 21 may include one or more processors, such as one or more 

CPUs. When the processor is a CPU, the CPU may be a single-core CPU or a multi-core 

CPU. In an embodiment, the processor 21 may be a processor group composed of multiple 

Graphic Processing Units (GPUs), multiple processors are coupled to each other by one or 

more buses. In an embodiment, the processor may also be other types of processors, etc., 

which is not limited in the embodiment of the disclosure. 

[00235] The memory 22 may be configured to store computer program instructions, as 
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well as various types of computer program codes including program codes for executing the 

solutions of the disclosure. In an embodiment, the memory includes, but is not limited to, 

Random Access Memory (RAM), Read-Only Memory (ROM), Erasable Programmable Read 

Only Memory (EPROM), or Compact Disc Read-Only Memory (CD-ROM) for related 

instructions and data. 

[00236] The input means 23 is configured to input at least one of data or signals, and 

the output means 24 is configured to output at least one of data or signals. The input means 

23 and the output means 24 may be separate devices or may be an integral device. 

[00237] It will be appreciated that in the embodiments of the disclosure, the memory 

22 may be configured to not only store related instructions, but also store related data, for 

example, the memory 22 may be configured to store the first sampling data obtained by the 

input means 23, or the memory 22 may be configured to store the time-space deviation 

obtained by the processor 21, etc., and the embodiment of the disclosure does not limit the 

specific data stored in the memory. 

[00238] It will be appreciated that FIG. 11 only shows a simplified design of an 

electronic device. In practical applications, the electronic device may also contain other 

essential elements including, but not limited to, any number of input/output means, 

processors, memories, etc., and all electronic devices which may implement the embodiments 

of the disclosure are within the protection scope of the embodiments of the disclosure. 

[00239] An embodiment of the disclosure further provides a computer-readable storage 

medium having stored thereon a computer program including program instructions that, when 

executed by a processor of an electronic device, cause the processor to perform the 

calibration method according to any one of the above embodiments of the disclosure. 

[00240] An embodiment of the disclosure further provides a processor configured to 

perform the calibration method described in any one of the above embodiments of the 

disclosure. 

[00241] An embodiment of the disclosure further provides a computer program 

product including instructions, where the computer program product, when run on a computer, 

causes the computer to perform the calibration method according to any one of the above 

embodiments of the disclosure. 
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[00242] It will be recognized by those of ordinary skill in the art that the units and 

algorithm steps of the examples described in combination with the embodiments disclosed 

herein may be implemented in electronic hardware, or a combination of computer software 

and electronic hardware. Whether these functions are performed in hardware or software 

depends on the specific application and design constraints of the technical solution. The 

skilled artisan may use different methods for each specific application to implement the 

described functions, but such implementation should not be considered to go beyond the 

scope of the disclosure. 

[00243] It will be apparent to those skilled in the art that for convenience and brevity 

of the description, the specific working processes of the above-described systems, 

apparatuses and units may refer to the corresponding processes in the foregoing method 

embodiments, and descriptions thereof will not be repeated herein. It will also be apparent to 

those skilled in the art that the embodiments of the disclosure are described with 

corresponding emphasis, and for convenience and brevity of the description, descriptions of 

the same or similar parts may not be repeated in different embodiments, therefore, the 

portions which are not described or not described in detail in certain embodiments may refer 

to the recordation of other embodiments. 

[00244] In several embodiments provided in the disclosure, it should be understood 

that the disclosed systems, apparatus and methods may be implemented in other ways. For 

example, the apparatus embodiments as described above are merely illustrative, for example, 

the partitioning of the units is only a logical function partitioning, and other partitioning 

manners may be applied in actual implementation; for example, multiple units or components 

may be combined or integrated into another system, or some features may be ignored or may 

not be performed. On the other hand, the coupling or direct coupling or communication 

connection between the shown or discussed components may be implemented through some 

interface, may be indirect coupling or communication connection of apparatuses or units, and 

may be in electrical, mechanical or other forms. 

[00245] The units illustrated as separate components may be or may not be physically 

separate, and the elements shown as units may be or may not be physical units, that is, may 

be located at one location or may be distributed across multiple network units. Part or all of 
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the units may be selected according to actual needs to achieve the objectives of the solutions 

of the embodiments. 

[00246] In addition, the functional units in the embodiments of the disclosure may be 

integrated in one processing unit, or the units may be present physically and separately, or 

two or more units may be integrated in one unit. 

[00247] In the above embodiments, they may be implemented in whole or in part by 

software, hardware, firmware or any combination thereof. When implemented in software, 

they may be implemented in whole or in part in the form of a computer program product. The 

computer program product includes one or more computer instructions. When the computer 

program instructions are loaded and executed on a computer, a flow or function according to 

an embodiment of the disclosure is generated in whole or in part. The computer may be a 

general purpose computer, a special purpose computer, a computer network, or other 

programmable devices. The computer instructions may be stored in a computer-readable 

storage medium or transmitted through the computer-readable storage medium. The computer 

instructions may be transmitted from a web site, a computer, a server or a data center to 

another web site, computer, server or data center by wired (e.g., coaxial cable, optical fiber, 

Digital Subscriber Line (DSL)) or wireless (e.g., infrared, wireless, microwave, etc.) means. 

The computer-readable storage medium may be any available medium that the computer may 

access, or a data storage device such as a server, a data center, etc. containing one or more 

integrated available media. The available medium may be a magnetic medium (e.g., floppy 

disk, hard disk, magnetic tape), an optical medium (e.g., Digital Versatile Disc (DVD)), or a 

semiconductor medium (e.g., Solid State Disk (SSD)), etc. 

[00248] It will be appreciated by those of ordinary skill in the art that all or part of the 

flow of the method of the above embodiments may be implemented, the flow may be 

completed by a computer program instructing related hardware, the program may be stored in 

a computer-readable storage medium, and the program, when being executed, may include 

the flow of the above method embodiments. The foregoing storage medium includes various 

media capable of storing program codes such as a ROM, a RAM, a magnetic disk, or an 

optical disk, etc. 
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CLAIMS 

 

1. A calibration method comprising: 

acquiring at least two poses of an imaging device, and acquiring at least two pieces of 

first sampling data of an inertial sensor; 

performing spline fitting process on the at least two poses to obtain a first spline curve, 

and performing spline fitting process on the at least two pieces of first sampling data to obtain 

a second spline curve; and 

obtaining time-space deviation between the imaging device and the inertial sensor 

according to the first spline curve and the second spline curve, the time-space deviation 

comprising at least one of a pose conversion relationship or a sampling time offset. 

 

2. The method of claim 1, wherein the time-space deviation comprises the pose conversion 

relationship; before obtaining the time-space deviation between the imaging device and the 

inertial sensor according to the first spline curve and the second spline curve, the method 

further comprises: 

acquiring a preset reference pose conversion relationship; and 

converting the second spline curve according to the reference pose conversion 

relationship to obtain a third spline curve, 

wherein obtaining the time-space deviation between the imaging device and the 

inertial sensor according to the first spline curve and the second spline curve comprises: 

obtaining a first difference according to the first spline curve and the third spline 

curve; and 

determining the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor in a case that the first 

difference is less than or equal to a first threshold. 

 

3. The method of claim 2, wherein the time-space deviation further comprises the sampling 

time offset; each point in the first spline curve carries time stamp information; before 
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determining the reference pose conversion relationship as the pose conversion relationship 

between the imaging device and the inertial sensor in the case that the first difference is less 

than or equal to the first threshold, the method further comprises: 

acquiring a preset first time offset; and 

adding time stamp of a point in the third spline curve and the first time offset to obtain 

a fourth spline curve; 

wherein obtaining the first difference according to the first spline curve and the third 

spline curve comprises: obtaining the first difference according to the fourth spline curve and 

the first spline curve; and 

determining the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor in the case that the first 

difference is less than or equal to the first threshold comprises: 

determining the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor and determining the first time 

offset as the sampling time offset between the imaging device and the inertial sensor, in the 

case that the first difference is less than or equal to the first threshold. 

 

4. The method of claim 3, wherein the inertial sensor comprises an inertial measurement unit; 

the at least two poses comprise at least two postures; the at least two pieces of first sampling 

data comprise at least two first angular velocities, 

wherein performing spline fitting process on the at least two poses to obtain the first 

spline curve comprises: 

obtaining at least two second angular velocities of the imaging device according to the 

at least two postures; and 

performing spline fitting process on the at least two second angular velocities to 

obtain the first spline curve, 

wherein performing spline fitting process on the at least two pieces of first sampling 

data to obtain the second spline curve comprises: performing spline fitting process on the at 

least two first angular velocities to obtain the second spline curve. 
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5. The method of claim 4, wherein the at least two poses further comprise at least two first 

positions; the at least two pieces of first sampling data further comprise at least two first 

accelerations; 

before the operation of determining the reference pose conversion relationship as the 

pose conversion relationship between the imaging device and the inertial sensor and 

determining the first time offset as the sampling time offset between the imaging device and 

the inertial sensor in the case that the first difference is less than or equal to the first threshold, 

the method further comprises: 

obtaining at least two second accelerations of the imaging device according to the at 

least two first positions; 

performing spline fitting process on the at least two second accelerations to obtain a 

fifth spline curve, and performing spline fitting process on the at least two first accelerations 

to obtain a sixth spline curve; and 

obtaining a second difference according to the fifth spline curve and the sixth spline 

curve, 

wherein the operation of determining the reference pose conversion relationship as the 

pose conversion relationship between the imaging device and the inertial sensor and 

determining the first time offset as the sampling time offset between the imaging device and 

the inertial sensor in the case that the first difference is less than or equal to the first threshold 

comprises: 

determining the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor and determining the first time 

offset as the sampling time offset between the imaging device and the inertial sensor, in a 

case that the first difference is less than or equal to the first threshold and the second 

difference is less than or equal to a second threshold. 

 

6. The method of claim 3, wherein the inertial sensor comprises an inertial measurement unit; 

the at least two poses comprise at least two second positions; the at least two pieces of first 

sampling data comprise at least two third accelerations, 

wherein performing spline fitting process on the at least two poses to obtain the first 
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spline curve comprises: 

obtaining at least two fourth accelerations of the imaging device according to the at 

least two second positions; and 

performing spline fitting process on the at least two fourth accelerations to obtain the 

first spline curve; and 

wherein performing spline fitting process on the at least two pieces of first sampling 

data to obtain the second spline curve comprises: 

performing spline fitting process on the at least two third accelerations to obtain the 

second spline curve. 

 

7. The method of claim 6, wherein the at least two poses further comprise at least two second 

postures; the at least two pieces of first sampling data further comprise at least two third 

angular velocities; 

before the operation of determining the reference pose conversion relationship as the 

pose conversion relationship between the imaging device and the inertial sensor and 

determining the first time offset as the sampling time offset between the imaging device and 

the inertial sensor in the case that the first difference is less than or equal to the first threshold, 

the method further comprises: 

obtaining at least two fourth angular velocities of the imaging device according to the 

at least two second postures; 

performing spline fitting process on the at least two fourth angular velocities to obtain 

a seventh spline curve, and performing spline fitting process on the at least two third angular 

velocities to obtain an eighth spline curve; and 

obtaining a third difference according to the seventh spline curve and the eighth spline 

curve; 

wherein the operation of determining the reference pose conversion relationship as the 

pose conversion relationship between the imaging device and the inertial sensor and 

determining the first time offset as the sampling time offset between the imaging device and 

the inertial sensor in the case that the first difference is less than or equal to the first threshold 

comprises: 
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determining the reference pose conversion relationship as the pose conversion 

relationship between the imaging device and the inertial sensor, and determining the first time 

offset as the sampling time offset between the imaging device and the inertial sensor, in a 

case that the first difference is less than or equal to the first threshold and the third difference 

is less than or equal to a third threshold. 

 

8. The method of any one of claims 1 to 7, wherein the time-space deviation comprises the 

sampling time offset; before obtaining the time-space deviation between the imaging device 

and the inertial sensor according to the first spline curve and the second spline curve, the 

method further comprises: acquiring a preset second time offset; 

adding time stamp of a point in the first spline curve and the second time offset to 

obtain a ninth spline curve; and 

obtaining a fourth difference according to the ninth spline curve and the second spline 

curve, 

wherein obtaining the time-space deviation between the imaging device and the 

inertial sensor according to the first spline curve and the second spline curve comprises: 

determining the second time offset as the sampling time offset between the imaging 

device and the inertial sensor in a case that the fourth difference is less than or equal to a 

fourth threshold. 

 

9. The method of any one of claims 1 to 8, wherein the imaging device and the inertial sensor 

belong to an electronic device, and the method further comprises: 

acquiring at least two images using the imaging device; 

obtaining at least two pieces of second sampling data of the inertial sensor during 

acquisition of the at least two images by the imaging device; and 

obtaining a pose of the imaging device of the electronic device when the images are 

acquired, according to the at least two images, the at least two pieces of second sampling data 

and the time-space deviation. 

 

10. A calibration apparatus, comprising: 
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an acquisition unit configured to acquire at least two poses of an imaging device, and 

acquire at least two pieces of first sampling data of an inertial sensor; 

a first processing unit configured to perform spline fitting process on the at least two 

poses to obtain a first spline curve, and perform spline fitting process on the at least two 

pieces of first sampling data to obtain a second spline curve; and 

a second processing unit configured to obtain time-space deviation between the 

imaging device and the inertial sensor according to the first spline curve and the second 

spline curve, the time-space deviation comprising at least one of a pose conversion 

relationship or a sampling time offset. 

 

11. The apparatus of claim 10, wherein the time-space deviation comprises the pose 

conversion relationship; 

the acquisition unit is further configured to acquire a preset reference pose conversion 

relationship before the second processing unit obtains the time-space deviation between the 

imaging device and the inertial sensor according to the first spline curve and the second 

spline curve; 

the first processing unit is further configured to convert the second spline curve 

according to the reference pose conversion relationship to obtain a third spline curve; and 

the second processing unit is configured to: obtain a first difference according to the 

first spline curve and the third spline curve; and determine the reference pose conversion 

relationship as the pose conversion relationship between the imaging device and the inertial 

sensor in a case that the first difference is less than or equal to a first threshold. 

 

12. The apparatus of claim 11, wherein the time-space deviation further comprises the 

sampling time offset; each point in the first spline curve carries time stamp information; 

the acquisition unit is further configured to acquire a preset first time offset before 

determining the reference pose conversion relationship as the pose conversion relationship 

between the imaging device and the inertial sensor, in the case that the first difference is less 

than or equal to the first threshold; 

the first processing unit is configured to add time stamp of a point in the third spline 
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curve and the first time offset to obtain a fourth spline curve; and 

the second processing unit is configured to: obtain the first difference according to the 

fourth spline curve and the first spline curve; and determine the reference pose conversion 

relationship as the pose conversion relationship between the imaging device and the inertial 

sensor and determine the first time offset as the sampling time offset between the imaging 

device and the inertial sensor, in the case that the first difference is less than or equal to the 

first threshold. 

 

13. The apparatus of claim 12, wherein the inertial sensor comprises an inertial measurement 

unit; the at least two poses comprise at least two postures; the at least two pieces of first 

sampling data comprise at least two first angular velocities; 

the first processing unit is configured to: obtain at least two second angular velocities 

of the imaging device according to the at least two postures; perform spline fitting process on 

the at least two second angular velocities to obtain the first spline curve; and perform spline 

fitting process on the at least two first angular velocities to obtain the second spline curve. 

 

14. The apparatus of claim 13, wherein the at least two poses further comprise at least two 

first positions; the at least two pieces of first sampling data further comprise at least two first 

accelerations; 

the first processing unit is configured to, before the reference pose conversion 

relationship is determined as the pose conversion relationship between the imaging device 

and the inertial sensor and the first time offset is determined as the sampling time offset 

between the imaging device and the inertial sensor in the case that the first difference is less 

than or equal to the first threshold, obtain at least two second accelerations of the imaging 

device according to the at least two first positions, perform spline fitting process on the at 

least two second accelerations to obtain a fifth spline curve, and perform spline fitting 

process on the at least two first accelerations to obtain a sixth spline curve; and 

the second processing unit is configured to: obtain a second difference according to 

the fifth spline curve and the sixth spline curve; and determine the reference pose conversion 

relationship as the pose conversion relationship between the imaging device and the inertial 
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sensor and determine the first time offset as the sampling time offset between the imaging 

device and the inertial sensor, in a case that the first difference is less than or equal to the first 

threshold and the second difference is less than or equal to a second threshold. 

 

15. The apparatus of claim 12, wherein the inertial sensor comprises an inertial measurement 

unit; the at least two poses comprise at least two second positions; the at least two pieces of 

first sampling data comprise at least two third accelerations; 

the first processing unit is configured to: obtain at least two fourth accelerations of the 

imaging device according to the at least two second positions; perform spline fitting process 

on the at least two fourth accelerations to obtain the first spline curve; and perform spline 

fitting process on the at least two third accelerations to obtain the second spline curve. 

 

16. The apparatus of claim 15, wherein the at least two poses further comprise at least two 

second postures; the at least two pieces of first sampling data further comprise at least two 

third angular velocities; 

the first processing unit is configured to obtain at least two fourth angular velocities of 

the imaging device according to the at least two second postures, before the reference pose 

conversion relationship is determined as the pose conversion relationship between the 

imaging device and the inertial sensor and the first time offset is determined as the sampling 

time offset between the imaging device and the inertial sensor in the case that the first 

difference is less than or equal to the first threshold; and 

the second processing unit is configured to: perform spline fitting process on the at 

least two fourth angular velocities to obtain a seventh spline curve, and perform spline fitting 

process on the at least two third angular velocities to obtain an eighth spline curve; obtain a 

third difference according to the seventh spline curve and the eighth spline curve; and 

determine the reference pose conversion relationship as the pose conversion relationship 

between the imaging device and the inertial sensor and determine the first time offset as the 

sampling time offset between the imaging device and the inertial sensor, in a case that the 

first difference is less than or equal to the first threshold and the third difference is less than 

or equal to a third threshold. 
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17. The apparatus of any one of claims 10 to 16, wherein the time-space deviation comprises 

the sampling time offset; 

the acquisition unit is further configured to acquire a preset second time offset before 

obtaining the time-space deviation between the imaging device and the inertial sensor 

according to the first spline curve and the second spline curve; 

the first processing unit is configured to add time stamp of a point in the first spline 

curve and the second time offset to obtain a ninth spline curve; and 

the second processing unit is configured to: obtain a fourth difference according to the 

ninth spline curve and the second spline curve; and determine the second time offset as the 

sampling time offset between the imaging device and the inertial sensor in a case that the 

fourth difference is less than or equal to a fourth threshold. 

 

18. The apparatus of any one of claims 10 to 17, wherein the imaging device and the inertial 

sensor belong to the calibration apparatus, 

the imaging device is configured to acquire at least two images; 

the inertial sensor is configured to obtain at least two pieces of second sampling data 

during acquisition of the at least two images by the imaging device; and 

the acquisition unit is configured to obtain a pose of the imaging device when the 

images are acquired, according to the at least two images, the at least two pieces of second 

sampling data and the time-space deviation. 

 

19. An electronic device, comprising: a processor; and a memory configured to store a 

computer program code comprising computer instructions that, when executed by the 

processor, cause the electronic device to perform the method of any one of claims 1 to 9. 

 

20. A computer-readable storage medium having stored thereon a computer program 

comprising program instructions that, when executed by a processor of an electronic device, 

cause the processor to perform the method of any one of claims 1 to 9. 
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21. A processor configured to perform the method of any one of claims 1 to 9. 

 

22. A computer program product that, when run on a computer, causes the computer to 

perform the method of any one of claims 1 to 9. 

 


